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EDITORIAL

P-glycoprotein multidrug transporter in inflammatory bowel
diseases: More questions than answers
Elke Cario
Elke Cario, Experimental Gastroenterology, Department of
Gastroenterology and Hepatology, University Hospital Essen,
Medical School, University of Duisburg-Essen, 45147 Essen,
Germany

numerous environmental substrates that are foreign
and potentially harmful. These xenobiotics can cause
shifts in the intestinal microbiota composition, affect
mucosal immune responses, disturb tissue integrity and
impair regeneration. The multidrug transporter ABCB1/
MDR1 p-glycoprotein (p-gp) plays a key role at the
front line of host defence by efficiently protecting the
gastrointestinal barrier from xenobiotic accumulation.
This Editorial discusses how altered expression and
function of ABCB1/MDR1 p-gp may contribute to the
development and persistence of chronic intestinal
inflammation in inflammatory bowel diseases (IBD).
Recent evidence implies multiple interactions between
intestinal microbiota, innate immunity and xenobiotic
metabolism via p-gp. While decreased efflux activity
may promote disease susceptibility and drug toxicity,
increased efflux activity may confer resistance to
therapeutic drugs in IBD. Mice deficient in MDR1A
develop spontaneously chronic colitis, providing a highly
valuable murine IBD model for the study of intestinal
epithelial barrier function, immunoregulation, infectious
co-triggers and novel therapeutic approaches. Possible
associations of human ABCB1 gene polymorphisms
with IBD susceptibility have been evaluated, but results
are inconsistent. Future studies must focus on further
elucidation of the pathophysiological relevance and
immunological functions of p-gp and how its ambiguous
effects could be therapeutically targeted in IBD.

Author contributions: Cario E contributed all to this manuscript.
Supported by the Deutsche Forschungsgemeinschaft, No.
CA226/4-3 to Cario E.
Conflict-of-interest statement: Cario E declares no conflict of
interest related to this publication.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Elke Cario, MD, Professor, Experimental
Gastroenterology, Department of Gastroenterology and
Hepatology, University Hospital Essen, Medical School,
University of Duisburg-Essen, Hufelandstr. 55, D-45122 Essen,
45147 Essen, Germany. elke.cario@uni-due.de
Telephone: +49-201-7234527
Fax: +49-201-7236858

Key words: Inflammatory bowel diseases; Multidrug
resistance; Innate immunity; Microbiota; Xenobiotics

Received: November 24, 2016
Peer-review started: November 27, 2016
First decision: December 19, 2016
Revised: January 6, 2017
Accepted: February 16, 2017
Article in press: February 17, 2017
Published online: March 7, 2017

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Altered levels of p-glycoprotein (p-gp)
expression as well as genetic variants of ABCB1/MDR1
have been associated with inflammatory bowel diseases
(IBD). Decreased efflux activity of p-gp may promote
disease susceptibility, while increased efflux activity
may impair drug responses in IBD. In this Editorial, I
highlight what we need to know about this transporter

Abstract
The gastrointestinal barrier is constantly exposed to

WJG|www.wjgnet.com

1513

March 7, 2017|Volume 23|Issue 9|

Cario E. P-glycoprotein in IBD
in the cytoplasm and a transmembrane domain with
six hydrophobic α-helices, which are separated by
[7,8]
a highly charged “linker region”
. Its transport
activity depends on energetic metabolism and ATP
hydrolysis. Once a substrate gets captured within the
internal cavity of p-gp, ATP binds to its domains which
causes a large conformational change presenting the
substrate und drug-binding site to the extracellular
[6]
space . Thus, p-gp efficiently detoxifies cells by
exporting hundreds of chemically and pharmacologically unrelated substances, including many important
IBD drugs, such as steroid hormones (glucocorticosteroids), immunosuppressive agents (cyclosporine,
tacrolimus), antimetabolites (methotrexate) or
antibiotics (levofloxacin), and metabolic products. In
addition, p-gp may also be involved in the transmembrane transport of pro-inflammatory cytokines, such
[9]
as interleukin (IL)-2 and interferon-gamma (IFN-γ) ,
however, it remains to be shown how cytokine release
could be directly regulated by p-gp signaling.

and xenobiotic signaling pathways in order to better
understand its potential pathophysiology in IBD and
develop targeted therapies.
Cario E. P-glycoprotein multidrug transporter in inflammatory
bowel diseases: More questions than answers. World J
Gastroenterol 2017; 23(9): 1513-1520 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1513.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1513

INTRODUCTION
The gastrointestinal (GI) barrier is constantly exposed
to numerous environmental substrates that are
foreign and potentially harmful, so-called xenobiotics.
Toxic compounds can cause shifts in the intestinal
microbiota composition, affect host innate and adaptive immune responses, disturb tissue integrity and
impair regeneration. Several dysfunctions in xenobiotic recognition and metabolism have previously been
implicated in the pathogenesis of inflammatory bowel
[1-3]
diseases (IBD) . To maintain mucosal homeostasis
and prevent immunotoxic effects of xenobiotics, the
GI barrier is equipped with a variety of detoxification
mechanisms, including efflux transporters.
This Editorial focuses on recent insights into the
ABCB1/MDR1 (multi-drug resistance) - encoded
p-glycoprotein (p-gp), which represents the most
investigated ATP-dependent efflux transporter pump
of xenobiotics (including metabolic products, toxins
and drugs) in the intestine, and its impact on IBD
pathophysiology. Growing evidence implies that
altered expression and function of ABCB1/MDR1 p-gp
may contribute to the development and persistence of
chronic intestinal inflammation in IBD. While decreased
efflux function may mediate disease susceptibility
and trigger drug toxicity, increased efflux activity may
confer resistance to drug therapy in IBD.

DIFFERENTIAL REGULATION OF
EXPRESSION
The basal expression pattern of p-gp shows high
inter- and also intraindividual variability along the GI
tract, with a general increase from proximal to distal
[10]
parts . While ABCB1/MDR1 p-gp is constitutively
expressed at the frontline of the mucosal barrier, i.e.
at the apical pole of intestinal epithelial cells, it is also
inducibly expressed by many other cell types (e.g.
[11]
[12]
macrophages
and T cell subsets ) in the lamina
propria.
P-gp expression and function can be modulated
by numerous exogenous and endogenous factors based on the activation state of the individual cell and
influences of its surrounding environment. Innate and
adaptive immune responses, oxidative or inflammatory stress, dietary antigens, gut microbiota and other
environmental triggers may differentially influence
host metabolic signaling and xenobiotic transport via
p-gp in the intestinal mucosa. The human ABCB1/
MDR1 promoter region contains multiple transcription
factor-binding sequences, including specificity protein
1 (Sp-1), activator protein 1 (AP-1), nuclear factor
interleukin-6 (NF-IL-6), forkhead transcription factor
(FKHR) or T-cell factor/lymphoid enhancer factor (TCF/
[13]
LEF), which points to complex regulation . Upstream,
the nuclear pregnane X receptor (PXR) may control
convergence between xenobiotic detoxification and
innate immunity by modulating transcription of p-gp as
well as activation of (NACHT-, LRR- and PYD-containing
[14]
Protein 3 (NLRP3)
and Toll-like receptor 4 (TLR4)
[15]
signaling .
Downregulation of p-gp expression has been associated with acute intestinal inflammation, such as in the
experimental mouse model of dextran sulphate sodium
[16]
(DSS)-induced colitis or in some patients with active

structure and FUNCTION
[4]

P-gp, cloned in 1985 , was initially described as a
control mechanism of drug permeation and release at
the membrane surface of colchicine-resistant Chinese
[5]
hamster ovary cells . In humans, the drug transporter
p-gp is encoded by the ABCB1/MDR1 gene (located on
chromosome 7q21), while in rodents, p-gp is encoded
by two genes, Abcb1a/Mdr1a and Abcb1b/Mdr1b. The
N-terminal glycosylated protein consists of 1280 amino
acids with a molecular mass of approximately 170
kDa. Murine p-gp shares 87% amino acid sequence
[6]
identity with the human homologue , which makes
knockout (KO) mouse models useful to study.
The secondary structure of ABCB1/MDR1 p-gp
contains two symmetrical halves of an ATP-binding
domain (also known as “nucleotide binding domain”)
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[17]

ulcerative colitis (UC) . Increased mucosal levels of
tumor necrosis factor alpha (TNFα) in active IBD suppress gene transcription of ABCB1/MDR1 in intestinal
epithelial cells, thus impairing xenobiotic efflux via
[18]
p-gp . Other major cytokines in IBD, such as IL-1ß
[19]
or IL-6 , may also interfere with p-gp expression and
function. Interestingly, rifaximin, a non-absorbable
antibiotic potentially beneficial for inducing remission
[20]
in Crohn’s disease (CD) , may antagonize TNFα[21]
induced inhibition of p-gp via PXR .
Varying levels of p-gp in the intestinal mucosa
may also be attributed to circadian rhythms caused
by clock gene products which - at least in part [22]
control ABCB1/MDR1 gene expression . Circadian
expression of p-gp in the intestine may functionally
affect the pharmacokinetics of its substrates, leading
to temporal changes in intestinal absorption and
[23]
excretion . Of note, changes in the expression of
several circadian genes have also been observed in
[24]
active IBD . Future research is needed to clarify the
potential role of IBD-related circadian alterations in
disturbing xenobiotic metabolism via p-gp.

Factor 2 or probiotics leads to increased mucosal p-gp
[39,40]
expression
, which is associated with attenuation
[41,42]
of acute intestinal inflammation
. Future research
must provide functional proof that upregulation of p-gp
directly contributes to anti-inflammatory effects in the
intestine.

Interplay with gut microbiota
The gut microbiome is involved in the pathogenesis
of IBD. Tolerance to bacterial antigens is broken in
active IBD and alterations in gut microbiota diversity
contribute to inflammation and effector immune resp
[43]
onses . Several lines of evidence link gut microbiota
[44]
and xenobiotic metabolism via p-gp in the intestine.
Intestinal inflammation in MDR1A KO mice is
commensal microbiota-dependent. MDR1A KO mice
housed under germ-free conditions do not develop
[28]
colitis and oral antibiotic treatment significantly ame[26,36]
liorates disease
. Although commensal-mediated
spontaneous colitis of MDR1A KO is not transmissible
[26]
to wild-type animals , disease is exacerbated by
infection with various pathogens, including bacteria
[33]
(e.g., Helicobacter bilis ), viruses (e.g., murine noro[35]
[45]
virus ) or parasites (e.g., Trichuris muris ). Animal
[46]
feed, often contaminated by bacterial antigens , may
also aggravate intestinal inflammation in MDR1A KO
[47]
mice .
Intestinal p-gp limits bacterial invasion and dissemination. For instance, overexpression of p-gp in
intestinal epithelial cells leads to increased resistance
to Listeria monocytogenes or Salmonella typhimurium
[48,49]
infection
, while mice deficient in MDR1A exhibit
enhanced burden of Listeria monocytogenes as
[48]
compared to wildtype after infection . But it remains
unclear whether p-gp is capable of directly expelling
virulence factors and toxins of bacterial pathogens
from host cells. Signaling via p-gp might also fight
infection by activating distinct immune processes,
such as inducing production of type Ⅰ interferon in
[50]
response to Listeria monocytogenes .
Dysbiosis precedes the onset of overt colonic
[51]
inflammation in MDR1A KO mice , allowing certain,
yet unknown, microbial species to colonize and expand.
Lack of p-gp causes intestinal epithelial cell and barrier
[28,29,52]
defects
, leading to increased permeability and
bacterial translocation which may induce excessive
innate immune activation in the underlying lamina
propria. Enhanced lipopolysaccharide signaling via
MD-2/TLR4 in the intestinal mucosa seems to be
required for perpetuation of colitis in MDR1A KO
[36]
mice . It remains to be tested whether genetic
deficiency of MDR1A primarily determines changes in
the microbial composition, or rather secondarily subverts the host innate immune response for creating
an aberrant mucosal microenvironment that favours
microbial misrecognition and shifts.
One may also speculate that impaired efflux pump
activity in MDR1A deficiency could lower the threshold

MDR1A KO mouse model of
spontaneous chronic colitis
Mice deficient in MDR1A, first described by Dr. Alfred
Schinkel in 1994, have initially been shown to be
highly sensitive to the pesticide ivermectin and the
chemotherapy drug vinblastine due to a blood-brain
[25]
barrier defect . Few years later, Dr. Jo Viney’s group
observed that MDR1A KO mice develop spontaneously
chronic colitis that resembles human UC in several
[26,27]
histopathological features
. Since then, numerous
reports have proven that MDR1A KO colitis provides
a highly valuable murine IBD model for the study of
[28,29]
intestinal epithelial barrier function
, immuno[30-32]
[33-35]
regulation
, infectious co-triggers
, and novel
[36,37]
therapeutic approaches
.
Typically, MDR1A KO pancolitis involves massive
inflammatory thickening of the mucosa, increased
crypt length with occasional abscesses, and goblet
[26,27]
cell loss
. MDR1A KO colitis is driven by aberrant
Th1 cytokine responses, associated with increased
numbers of infiltrating CD4+ and TCRαβ+ T cells to
[26]
the lamina propria
and intraepithelial lymphocyte
[30]
alterations . Dr. Robin Lorenz’ group has recently
shown that MDR1A KO mice display decreased numbers of CD4+Foxp3+ regulatory T cells in intestinal
lymphoid tissues prior to the onset of disease, implying
a primary defect in mucosal immunoregulation in the
[32]
context of MDR1A deficiency .
Based on the MDR1A KO colitis model, it has
been proposed that mechanisms involving mucosal
upregulation of p-gp expression and/or function could
have therapeutic potential in ameliorating acute IBD.
[38]
Examples of potential p-gp inducers are listed in .
In addition, administration of Keratinocyte Growth
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for dysbiosis and pro-inflammatory conditions by
accumulation of harmful xenobiotic compounds and
metabolites in the intestinal mucosa. Xenobiotics and
their metabolites may shape the complex dynamics
[53]
of the gut microbiome
by providing substrates for
selective growth of certain bacterial species, modulat[54]
ing gene expression , breaking microbial tolerance
and triggering immune hypersensitivity to otherwise
harmless commensals in the intestinal mucosa.
Future studies must identify unremoved xenobiotic
metabolites in intestinal MDR1A deficiency, examine
their environmental effects on the microbiome and the
mucosal immune system and analyse how they may
contribute to colitis development.
Conversely, gut microbiota may directly affect host
xenobiotic metabolism and detoxification by modifying
[53]
p-gp signaling in the intestinal mucosa . For instance,
pathogenic Salmonella typhimurium dampens p-gp
[49]
expression in intestinal epithelial cells . So far, it
is unclear which virulence factors or components of
Salmonella typhimurium may be involved in impairing
[55]
host p-gp function . On the other hand, commensal
Lactobacilli strains are capable of stimulating p-gp
expression via the involvement of c-Fos/c-Jun in intes[40,56]
tinal epithelial cells
. It is likely that this effect is
mediated by TLR2 activation, as TLR2 signaling, which
[57,58]
is induced by Lactobacillus
, modulates ABCB1/
MDR1-encoded p-gp synthesis and efflux function in
[59]
intestinal cells . Interestingly, deletion of TLR2 causes
fulminant exacerbation of pancolitis in the context of
[36]
MDR1A deficiency . TLR2/MDR1A double KO intestinal myeloid cells hyperrespond to non-pathogenic
Escherichia coli with excessive cellular stress, including
increased reactive oxygen species generation, associated lysosomal damage and caspase-1-dependent
IL-1ß production, leading to pyroptosis - a form of
[36]
microbial-induced pro-inflammatory cell death .
Blockade of IL-1β activity by treatment with IL-1R
antagonist (anakinra) inhibits colitis acceleration in
[36]
TLR2/MDR1A double deficiency . These data uncover
an unexpected combinatory function between host
innate immunity (TLR2) and xenobiotic metabolism
(MDR1A) in controlling antimicrobial host defence in
the lamina propria.
Taken together, xenobiotic metabolism via p-gp
is tightly intertwined in a multi-dimensional network
with the gut microbiota and the host innate immune
system. But several questions arise from these results
which remain to be answered, e.g., What commensal
community (if any) is responsible for driving murine
colitis in the context of MDR1A deficiency? Does
MDR1A deficiency sensitize otherwise tolerogenic
mucosal immune cells to specific microbial ligands
and/or xenobiotics? How do bioactive microbial
metabolites modulate xenobiotic signaling via p-gp?
Do xenobiotic compounds directly activate TLR (and
other innate immune) signaling pathways to control
p-gp activity? How is p-gp-mediated transport
involved in microbial efflux from host cells?

WJG|www.wjgnet.com

GENE VARIANTS ASSOCIATED WITH
IBD
Several studies have evaluated the potential association of human ABCB1 gene polymorphisms with IBD
susceptibility. The ABCB1/MDR1 single nucleotide
polymorphism C3435T, which has been correlated with
[60]
lower expression of p-gp in the intestine , was found
[61-64]
in patients with extensive UC in some populations
,
[65-68]
[69,70]
but not all
. Two meta-analyses
did not help to
resolve this apparent contradiction, as they produced
conflicting results as well. Using a robust gene-wide
“block-free” haplotype tagging approach, Dr. Jack
Satsangi’s group previously identified six SNPs in the
ABCB1/MDR1 gene which were significantly associated
[62]
with UC, but not CD, in their cohort . In addition, a
significant association of Ala893Ser/Thr (G2677) with
IBD was shown in a large, multicentre North American
[71]
study . However, none of these ABCB1/MDR1 gene
variants were captured as major hits by the recent
genome-wide screens in UC (personal communication,
Dr. Judy Cho). These contrasting results may reflect
differences in the populations studied. It is possible
that certain ABCB1/MDR1 gene associations may
only be clearly detectable in refined case cohorts with
distinct IBD sub-phenotypes.
So far, detailed studies examining the effects of
these putative causal variants on gene function are
missing in IBD. Based on the findings from the MDR1A
KO colitis model, future studies will need to determine
whether these variations in the ABCB1/MDR1 gene
may indeed alter xenobiotic metabolism, innate
immune responses and host-commensal interactions
in the human intestine. It must be clarified mechanistically how human ABCB1/MDR1 gene defects may
influence detoxification, antimicrobial defences and
commensal composition.

RESISTANCE TO IBD THERAPY
Enhanced multidrug resistance via p-gp may limit
the individual drug response. Several drugs central
to IBD therapy represent p-gp substrates, including
[72]
[73]
glucocorticoids
or cyclosporine . Elevated p-gp
expression levels have been shown in peripheral blood
lymphocytes of those IBD patients who fail therapy
[74]
with glucocorticoids . High-dose administration of
glucocorticoids may result in increased expression of
[75]
ABCB1/MDR1 mRNA in patients with UC . Recently
a human pathogenic Th17-cell subset which stably
expresses p-gp was identified in patients with CD.
These MDR1+-Th17 cells were refractory to differ[12]
ent glucocorticosteroids , thus likely contributing
to steroid-resistant chronic inflammation in IBD.
Reversely, inhibition of p-gp significantly increases
intracellular cortisol and cyclosporine levels in vitro,
implying a potential target approach for overcoming
the poor response to immunosuppressant therapy in
[76]
refractory IBD . However, in vivo proof remains so

1516

March 7, 2017|Volume 23|Issue 9|

Cario E. P-glycoprotein in IBD

Xenobiotics

Gut microbiota

Lumen

Intestinal epithelium

Innate immunity

Lamina propria

Metabolism
ABCB1/MDR1 p-gp

Toxicity

Resistance

Figure 1 Xenobiotics, microbiota and host innate immunity interact in a multi-dimensional network in the gut. Disturbances of this equilibrium may alter
xenobiotic metabolism via ABCB1/MDR1 p-gp, favoring either drug toxicity or resistance in inflammatory bowel disease. However, these multiple interrelations remain
to be further elucidated. P-gp: P-glycoprotein.

far lacking. Three generations of inhibitors of p-gp
have largely failed to demonstrate any improvement in
[77]
therapeutic efficacy in other clinical settings . Future
research will need to show whether the design of novel
p-gp inhibitors, e.g., based on recent advances in phy[78]
tochemistry , would help overcome drug resistance
in IBD.

will become a delicate balancing act. Its ambivalent
effects will make treatment development difficult.
Future research will need to look at different thera
peutic approaches, either to activate “underactive”
p-gp in order to attenuate acute inflammation or to
inactivate “overactive” p-gp in order to overcome
therapy resistance.

conclusion and future
perspective
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Abstract

Zuzanna Karwowska, Paweł Stączek, Department of Genetics
of Bacteria, Institute of Microbiology, Biotechnology and
Immunology, Faculty of Biology and Environmental Protection,
University of Lodz, Banacha, 90-237 Lodz, Poland

Helicobacter pylori (H. pylori ), discovered in 1982, is a
microaerophilic, spiral-shaped gram-negative bacterium
that is able to colonize the human stomach. Nearly half
of the world’s population is infected by this pathogen.
Its ability to induce gastritis, peptic ulcers, gastric cancer
and mucosa-associated lymphoid tissue lymphoma
has been confirmed. The susceptibility of an individual
to these clinical outcomes is multifactorial and depends
on H. pylori virulence, environmental factors, the genetic
susceptibility of the host and the reactivity of the host
immune system. Despite the host immune response,
H. pylori infection can be difficult to eradicate. H. pylori
is categorized as a group Ⅰ carcinogen since this
bacterium is responsible for the highest rate of cancerrelated deaths worldwide. Early detection of cancer can
be lifesaving. The 5-year survival rate for gastric cancer
patients diagnosed in the early stages is nearly 90%.
Gastric cancer is asymptomatic in the early stages
but always progresses over time and begins to cause
symptoms when untreated. In 97% of stomach cancer
cases, cancer cells metastasize to other organs. H. pylori
infection is responsible for nearly 60% of the intestinaltype gastric cancer cases but also influences the
development of diffuse gastric cancer. The host genetic
susceptibility depends on polymorphisms of genes
involved in H. pylori -related inflammation and the cytokine
response of gastric epithelial and immune cells. H. pylori
strains differ in their ability to induce a deleterious
inflammatory response. H. pylori -driven cytokines
accelerate the inflammatory response and promote
malignancy. Chronic H. pylori infection induces genetic
instability in gastric epithelial cells and affects the DNA
damage repair systems. Therefore, H. pylori infection
should always be considered a pro-cancerous factor.
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INTRODUCTION

Core tip: In 1994 Helicobacter pylori (H. pylori ) was
classified by the International Agency for Research of
Cancer as a class I human carcinogen for gastric cancer.
Nearly 60% of the intestinal type gastric cancers are
associated with H. pylori infections. Cancer risk rises
if strain possess virulence factors: CagA, VacA and
BabA. These bacteria promotes gastric carcinogenesis
by increased DNA damage, impairment of repair
processes, induction of mitochondrial DNA and genomic
mutations. Nearly 98% of mucosa associated lymphoid
tissue lymphomas are H. pylori dependent. We discuss
correlation between H. pylori and gastric cancer in the
light of bacterial and host genetic variability.

The stomach is considered a hostile environment
for microorganisms. The acidic pH and peristaltic
movements of the stomach prevent colonization by
pathogens. In 1982, Barry Marshall and Robin Warren
revolutionized the concept of gastroduodenal diseases
by the discovery of H. pylori and by proving that these
gram-negative bacteria cause infections in humans
due to colonization of the stomach. If the pathogen
is not eradicated by the immune system of the host,
it stimulates the development of chronic inflammation. The pathogen is a major agent in gastritis and
peptic ulcers (PU), which were previously thought to
be caused by stress and diet. Now it is known that
H. pylori is also involved in the development of gastric
cancer (GC).
The aim of this review is to present a brief overview
of how H. pylori infection impacts tumorigenesis.
Gastric adenocarcinoma has the second highest
mortality rate in the world. Nearly half of the world’s
population is infected by H. pylori. Various structural
components and soluble factors of H. pylori enable
these microbes to colonize the stomach and induce an
inflammatory response. Close contact with an infected
person facilitates transmission of the pathogen by
an oral-oral or oral-fecal route. Clinical outcomes
that are linked with H. pylori infection include chronic
inflammation of the gastric mucosa, gastric and
duodenal ulcers (DUs) and GC. Although a correlation
between the pathogen and carcinogenesis has been
established, more studies are needed to understand
specific mechanisms, the diversity of infectious agents,
and the genetic susceptibility and immune profile of
the host.

Chmiela M, Karwowska Z, Gonciarz W, Allushi B, Stączek P.
Host pathogen interactions in Helicobacter pylori related gastric
cancer. World J Gastroenterol 2017; 23(9): 1521-1540 Available
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BIOGRAPHY
With a master degree on biology, microbiology as
specialty, upon her PhD on Immunology in 1991,
Magdalena Chmiela (Figure 1) was nominated in 2005
on the position of permanent Professor (medical
microbiology, immunology) at the Faculty of Biology
and Environmental Protection, University of Lodz,
Poland. She is currently head of the Department of
Immunology and Infectious Biology at the Institute of
Microbiology, Biotechnology and Immunology. For more
than 30 years her research concerns the immunology
of infectious diseases including: immune processes regulating host-pathogen interactions, bacterial virulence
factors that determine the course of infections, the use
of microorganisms in the design and manufacture of
biological components for potential therapeutic use,
prevention and diagnostic. With particular attention she
leads research on Helicobacter pylori (H. pylori) infections, which are responsible for gastric and duodenal
ulcers and even stomach cancers. Work on this subject
she began in 1992, being a member of the research
team at the Department of Medical Microbiology Lund
University in Sweden. She also conducts research
about Campylobacter sp. With her experience she published numerous papers, review articles, coordinated
and participated in a number of research projects and
evaluated them as an expert. She is a member of the
Scientific Council of the Institute of Medical Biology,
Polish Academy of Sciences; editorial board member
of the World Journal of Gastroenterol (2014-2017);
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MICROBIOLOGICAL ASPECTS OF
H. pylori
Primary bacteriological features

H. pylori is considered the most prevalent human
pathogen, and its evolution appears to have been very
effective since the bacterium has developed several
[1]
strategies to cause infection . H. pylori had escaped
the attention of researchers until Barry Marshall and
Robin Warren published data on the curved bacterium
[2]
that colonizes the human stomach . Substantial alter
ations have been made concerning the disease causa[3]
tion after intensive studies on H. pylori . This pathogenic microorganism was first named Campylobacter
pyloridis. It was only after facing important genotypic
and phenotypic dissimilarities with other bacteria in
the Campylobacter genus that a decision was made to
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(CagA) protein is one of the most important H. pylori
virulence factors. CagA is encoded by the cagA gene
and translocated to the host gastric epithelial cells
[24-28]
through a type Ⅳ secretion system
. A correlation
between the presence of CagA in H. pylori strains and
more severe inflammatory responses and a higher risk
[26-29]
of gastric cancer has been shown
. Other virulence
proteins include vacuolating cytotoxin A (VacA), BabA
[9,10,30,31]
and SabA
. VacA induces vacuolation of gastric
epithelial cells as well as cell apoptosis and disrupts the
[28]
gastric epithelial barrier function . BabA and SabA
are adhesins, and SabA is essential for nonopsonic
[9,7]
activation of human neutrophils . BabA interacts
b
with the Le blood group antigen on epithelial cells,
[10]
and the babA2 gene is associated with DU and GC .
x[8]
SabA is known to bind sialyl-dimeric-Le , as well as
a[9]
sialylated Le . Malignant transformation is linked with
a
a
pronounced expression of Le , sialylated Le and sialylx
dimeric-Le , however, knowledge about the role of
[9]
SabA in tumorigenesis is still limited .

Figure 1 Magdalena Chmiela, PhD, Professor, Department of Immunology
and Infectious Biology, University of Lodz, Faculty of Biology and
Environmental Protection, Lodz 90-237, Poland.

create a new genus: Helicobacter. It is now commonly
accepted that this gram-negative, microaerophilic, flagellated microorganism induces chronic active gastritis
(asymptomatic or symptomatic), peptic ulcer disease
and duodenal ulcers in humans; it is also related to
[4,5]
GC .

Immune system evasion strategies

Blaser (1993) proposed a model in which both the host
and the parasite adapt to downregulate the inflammatory response to promote survival and to continue
[32-34]
colonization of the niche
. Pathogen-associated
molecular patterns (PAMPs) are various molecules of
pathogenic microorganisms that in normal conditions
are recognized by pattern recognition receptors (PRRs)
resulting in triggering of the inflammatory response.
H. pylori possess several mechanisms that prevent
their recognition via Toll-like receptors (TLRs): (1)
changing and rearranging LPS and flagellin; and (2)
molecular mimicry between human Lewis and ABO
blood group antigens and bacterial compounds, which
confuses immune cells and prevents recognition of the
[21,35,36]
pathogen
. It has been shown that the H. pylori
flagellin is not detected by specific PRRs, and it does
not stimulate the production of interleukin (IL)-8. As a
result, chemotaxis of immune cells to the site of infec[37]
tion and phagocytosis of H. pylori are diminished .
Prevention of phagocytic killing has been demonstrated to be more efficient due to delayed
polymerization of actin and inhibition of phagosome
[28,38]
and phagolysosome formation
. The primary host
immune response mechanisms, such as phagocy
tosis and natural killer (NK) cell activity, have been
[17,18,39,40]
found to be downregulated by H. pylori LPS
.
Adaptive immunity is also targeted by H. pylori com[1,15,41,42]
pounds
. They affect antigen presentation by
inducing macrophage apoptosis and by diminishing
[18,43]
dendritic cell (DC) and macrophage maturation
.
The expression of programmed death 1 ligand-1
(B7-H1 integrin) on gastric epithelial cells modulates T cell trafficking during H. pylori infection. The
function of B7-H1 is to inhibit effector T lymphocytes and stimulate DCs to increase secretion of the
anti-inflammatory cytokine IL-10. B7-H1, by join-

Virulence factors

The colonization of epithelial cells of the stomach by
H. pylori begins with the binding of these bacteria
with epithelial cell receptors. Then the bacteria escape
of host defense mechanisms, induce inflammatory
responses, which allow acquisition of nutrients for suc[6]
cessful replication . Majour H. pylori adhesins belong
to the family of proteins localized in outer membrain of
bacterial cells. The blood group antigen-binding adhesin A (BabA) and sialic acid binding adhesin (SabA)
[7-11]
are the most important adhesisns of H. pylori
. Also
other OMPs, such as HopZ and OipA play a role of
adhesins. It has been shown that OipA induces more
intensive inflammatory response due to neutrophil
infiltration and promotes the development of duodenal
[7]
ulcer and gastric cancer . Urease elevates the acidic
pH of the stomach and unipolar flagella facilitate
[3]
penetration of mucus . The ability to glycosylate host
cholesterol is crucial for the virulence and antibiotic
[12]
resistance of H. pylori . H. pylori lipopolysaccharide
(LPS), due to its structural features, induces a poor
immune response and helps the bacteria develop
[13-18]
into a chronic infection
. H. pylori LPS may carry
various human Lewis (Le)-like antigens, which may
X
play a role in autoimmunity. Specifically, Le determinants in O antigen of H. pylori LPS may facilitate
the adherence of bacterial cells to gastric epithelium.
This process involves the binding of gastric receptor
[19-21]
. The
β-galactoside-binding lectin (galectin-3)
H. pylori outer membrane vesicles are an alternative
vehicle for the distribution of bacterial virulence fac[22,23]
tors and antigens
. The major virulence factors of
H. pylori are encoded by genes within the pathogenicity island (PAI). The cytotoxin-associated gene A
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[55]

ing programmed cell death receptor 1 on the surface
of T cells, inhibits proliferation and differentiation
of naïve T lymphocytes and promotes the activity
of regulatory cells, which downregulates effector T
lymphocytes. Regulatory T cells, which possess the
ability to suppress anti-tumor and anti-infectious
responses are identified on the basis of cluster differentiation (CD) markers and forkhead box P3 (FOXP3)
as CD4(+)CD25(high) and FOXP3-positive. Enarsson
[44]
et al
studied regulatory T lymphocytes in stomach tissue in H. pylori positive patients in terms of
their activity and the expression of homing receptors. The increased number of regulatory T cells has
been detected in gastric tissue of patients with gastric
tumor vs non-tumor patients. Regulatory T lymphocytes suppressed H. pylori-induced T cell proliferation
and interferon (IFN)-γ production. Furthermore, these
regulatory T lymphocytes expressed increased levels
of l-selectin and C-C chemokine receptor 4, than the
cells lacking regulatory function. These receptors may
be involved in the infiltration of regulatory lymphocytes specific to H. pylori antigens present in gastric
tissue in H. pylori infected individuals. However,
low activity of T regulatory cells may promote the
maintenance of the infection and potentially the
[45]
propagation of tumor cells . The suppression of the
activity of memory T lymphocytes, which enables a
chronic infection, has been confirmed by other study
[45-48]
groups
. The role of regulatory T lymphocytes
can be related to the inhibition of the inflammatory
response driven by IL-17 delivered by T helper (Th)
[49-52]
17 lymphocytes
.
Different studies have shown that humoral response
against H. pylori is less essential in the defense
against this pathogen.The study on mice lacking B
lymphocytes showed that gastritis, which developed
in animals immunized with prophylactic vaccine was
not related to B-cells. The response was similar to
[53,54]
that of non immunized mice
. It can be concluded
that antibody responses may not promote protection.
However, a correlation between high levels of serum
anti-H. pylori IgG and IgA and the development of
gastritis, duodenal ulcers and gastric cancer has been
[1]
shown .

of H. pylori . The principal method of spreading
H. pylori infection is intrapersonal transmission. This
has been confirmed by the high percentage of infections that are spread between close relatives, especially
[56]
between a mother and her children .

Clinical complications

The clinical aspects of H. pylori infection vary from
gastritis and peptic ulcers to gastric cancer. It has been
suggested that the pathogen might also be associated
with several extragastric diseases. Shortly after initial
infection of the host, acute gastritis develops that
is related to hypochlorhydria and to the loss of acid
secretion. Acute gastritis does not last long, but in the
majority of subjects, the immune response is unable
to eradicate the infection, and as a consequence,
chronic gastritis is induced. According to various
studies, half of the world’s population may suffer from
chronic gastritis, which can be manifested in one of
three forms: (1) antral-predominant; (2) corpuspredominant; and (3) diffuse. These pathologies lead
to different consequences, which they favorably induce.
Specifically, antral-predominant gastritis promotes
duodenal ulcers whereas corpus-predominant gastritis
promotes gastric ulcers, which may lead to metaplasia
and adenocarcinoma; and diffuse gastritis is related
[57-59]
to reduced acid secretion in the stomach
. In
general H. pylori infections are responsible for 95%
of duodenal ulcer cases and 85% of gastric ulcers.
Nonsteroidal anti-inflammatory drugs are responsible
for the cases that are not related to pathogen-induced
[3]
inflammation . Extragastric diseases potentially
related to H. pylori include idiopathic thrombocytopenic
[60-66]
purpura and iron deficiency anemia
. The influence
of pathogen-induced inflammation has also been considered in several dermatological disorders, diabetes
[67-76]
and cardiovascular, and pulmonary disease
. The
connection between H. pylori-induced inflammation
and cardiovascular disease was reported in 1994 by
[77]
Mendall et al , and this work was then followed by
[78-86]
many other studies
. However, the association
between H. pylori infection and extragastric disease
remains unclear. Therefore, the recommendation
[3]
for H. pylori treatment is irrelevant . According to
recent data, H. pylori infection might facilitate the
[87]
onset of hepatic encephalopathy . The theory of
H. pylori influence in diabetes is very recent. Speci
+
fically, CagA strains are thought to enhance the
[88-92]
risk of diabetic complications
. There is no doubt
about the beneficial effect of the infection against
[93-95]
endoscopic gastroesophageal reflux disease
.
However, H. pylori infection may potentially prevent
[96]
the development of adenocarcinoma of esophagus .
Based on a case-control study, infection with H. pylori,
+
particularly the CagA strain, has been found to be
[97]
inversely associated with Barrett’s esophagus .
H. pylori infection likely has a beneficial role in maturation of the immune system in the early stages of life

PATHOGENIC ACTIVITY OF H. pylori IN
THE HOST ORGANISM
Epidemiology

There is an inverse association between socioeco
[54]
nomic status and the rate of infection . Analyses
have been conducted to test whether animals or
water can be sources of H. pylori infection. Only a few
of the animal case studies showed positive results,
leading to the conclusion that the infection cycle
might include humans, the environment and animals.
However, the water case studies failed to support the
hypothesis that water is an environmental reservoir
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[98-103]

and prevents asthma development in the future
.
The most dangerous clinical aspects of H. pylori are
[29,48,104-108]
gastric cancer
and mucosa-associated
[109-111]
lymphoid tissue (MALT) lymphoma
. The role
of H. pylori in destruction of epithelial cell nuclei
and mitochondrial DNA has been confirmed. This
mutagenic effect is in part related to downregulation
of the expression, as well as the activity, of DNA
[112]
repair pathways. Machado et al
demonstrated
that infection of gastric adenocarcinoma cells with
H. pylori induced mutations in mitochondrial DNA
and decreased the DNA content. The increased
frequency of mutations in mitochondrial DNA was
related to diminished effectiveness of DNA repair
mechanisms. They showed that apurinic/apyrimidinic
(AP) endonuclease-1 and Y-box-binding protein 1
mitochondrial base excision repair and mismatch
repair systems are involved in DNA repair during
[112]
H. pylori infection
.

type. Diffuse adenocarcinoma affects mostly women
and younger populations. The typical development
area of the endemic type is the proximal portion of
the stomach. It often coexists with the A blood group,
which suggests a possible genetic basis for tumor
formation. The intestinal type is related to preneoplastic changes, such as chronic atrophic gastritis and
intestinal metaplasia of mucous membranes. This
type concerns tumors in the peripheral part of the
stomach. Intestinal adenocarcinoma is an epidemic
type of cancer because it occurs in regions with a
high risk of gastric cancer morbidity. It affects mostly
[116,118]
men and older populations
.

Gastric cancer as a consequence of H. pylori infection

The discovery of H. pylori confirmed that the etiology
of chronic gastritis and the “precancerous cascade”
resulting in cancer formation is associated with
[119]
H. pylori infection
. Now, it is commonly accepted
that H. pylori is a gastric cancer carcinogen since in
1994, H. pylori has been included by the International
Agency for Research on Cancer to class Ⅰ carcino
[120]
gens
. Nearly 60% of intestinal-type gastric
[121,122]
cancers are associated with such infections
.
Over years, patients develop acute and then atrophic
gastritis, followed by intestinal metaplasia, dysplasia
and carcinoma. H. pylori infection also stimulates
the development of diffuse type adenocarcinoma by
causing pangastritis and rugal hyperplastic gastri[123]
tis
. Cancer risk rises if virulence factors, such as
CagA, VacA and BabA, are present in the H. pylori
[28,29,124]
+
strain
. However, infection with H. pylori CagA
strains may potentially diminish the risk of adenocar[125]
cinoma of esophagus and gastric cardia
. There is
an increasing interest on the role H. pylori oipA positive strains in the pathogenesis of gastric ulcer and
cancer. When oipA is present, the functional “on” status of this gene was associated with increased risk of
these diseases compared with gastritis and functional
[7]
dyspepsia controls .
Environmental factors also stimulate the initiation
of atrophic changes and decrease the secretion of
hydrochloric acid. Elevated pH of the gastric juice
facilitates bacterial colonization, causing further damage to epithelial cells. In addition, nitrates in foods
are precursors of nitrosamines, which cause intestinal
metaplasia and dysplasia (abnormal epithelial differentiation, in the form of improper development of
[126,127]
the cells with the loss of ability to differentiate)
.
[128]
Machado et al
have proposed three possible
mechanisms of initiation of gastric cancer in response
to H. pylori infection: damage of epithelial cell DNA
combined with downregulation of repair processes,
mitochondrial DNA mutations, and appearance of tran[129]
sient mutator phenotype. Park et al
showed that
after eradication of H. pylori the expression of proteins
consisting DNA mismatch repair (MMR) system was
increased. This proved that gastric inflammation due

ROLE OF H. pylori IN TUMORIGENESIS
From carcinogenesis to gastric cancer

Accumulation of numerous mutations in DNA of gastric epithelial cells, resulting in activation of oncogens
or inactivation of tumor suppressor genes promotes
[113,114]
the development of gastric cancer
.
Nearly 120 years ago, the first gastrectomy was
performed to treat gastric cancer. Since then, tumor
resection in the stomach has been the standard
method of treatment. On average, only 15%-20%
of patients live up to 5 years after resection. Patients
diagnosed in the early stages of gastric cancer have a
[115,116]
5-year survival of nearly 90%
. Cancer in early
stages can be surgically curable because of its local
development. The advancement of gastric cancer is
directly proportional to the involvement of regional
and non-regional lymphoid nodes, as well as organ
metastasis. If the cancer is scattered throughout the
body, surgical methods that treat local cancer are not
effective. In these cases, implementation of additional
cytostatic and hormonal treatment is necessary.
Approximately 97% of gastric cancer cases are linked
with metastasis. Sarcomas and non-Hodgkin’s lymphoma rarely occur. Every year, 670000 new cancer
cases are registered around the world. Gastric cancer
is two-times more frequent in men than in women.
It usually occurs between the ages of 50 and 70, but
lately, it is increasingly being detected in young people.
Gastric cancer grows by contiguous extension (direct
infiltration) to other organs, such as the pancreas,
liver, transverse colon, duodenum and esophagus, as
well as through the peritoneum to the recto-uterine
Douglas pouch. Metastatic cancer spreads through the
[115-117]
ovaries and lymphatic or blood vessels
.
In 1965, Lauren described two histologically different
[118]
stomach adenocarcinomas - diffuse and intestinal
.
The diffuse type is considered an endemic cancer
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[129]

[130]

to H. pylori infection impairs MMR
. Kim et al
co-cultured gastric cell lines with H. pylori and the
proteins (MutS and MutL) of DNA MMR, and examined quantitatively RNA levels. RNA of both proteins
was reduced after exposure to H. pylori. Kidane
[131]
et al
showed that damage of epithelial cell DNA
due to oxidative stress, which increases during
H. pylori infection is under control of base excision
repair system and its effectiveness can be crucial
for preventing genomic stability in response to
[132]
H. pylori induced disorders. Toller et al
showed that
H. pylori strains having the BabA adhesin are very
effective in inducing double-strand breaks.

mune metaplastic atrophic gastritis. This condition
is linked with advanced grades of metaplasia in the
[54,134]
stomach
.
A novel group of biomarkers is microRNAs (miRNAs), which are nucleotides that modulate the expression of genes. miRNAs influence cell proliferation and
differentiation and may act as oncogenes. Cancerrelated miRNAs have been found in the blood stream
and can be detected noninvasively. Levels of miRNAs
in healthy patients provide information about cancer
susceptibility. However, in patients with gastric cancer,
the levels of the biomarkers are associated with
cancer stage, metastasis, recurrence and resistance
to treatment. The inconsistent outcomes from several
studies on miRNAs note the necessity for more tests
[133,134]
on this biomarker
.

Biomarkers for detection of gastric cancer

Early detection of adenocarcinoma is essential.
The 5-year survival rate for patients suffering from
advanced stomach cancer is lower than 30%.
Currently, endoscopic surveillance is the most applicable method for cancer detection. However, endoscopy has disadvantages, such as the invasiveness
of the test and its high cost. It has been shown that
appropriate biomarkers provide information about
the diagnosis, prognosis and recurrence of cancer, as
[133]
well as the optimal therapy
. Nevertheless, gastric
cancer biomarkers such as pepsinogen, gastrin or
H. pylori serology combined with pepsinogen (PG),
do not indicate very precisely the state of the
[134]
patient
. Pepsinogen is produced in the stomach
as pepsinogen I (PGI) and pepsinogen II (PGII).
The blood levels of PGI and PGI/PGII change during atrophic gastritis due to destruction of gastric
glands. A research study involving approximately
300000 participants was performed in order to verify
this observation. The results showed that out of
600 patients with atrophic gastritis, one developed
stomach cancer. A PGI/PGII ratio within the normal
range was very accurate negative predictor of an
[135,136]
unhealthy stomach
. Gastrin is also considered
a biomarker for gastric atrophy, but the connection
between the biomarker and the disease is com[137,138]
plex
. Gastrin is produced in the antrum of the
stomach. In the case of antrum atrophic gastritis,
the biomarker indicates a low gastrin level, but in
the case of corpus atrophic gastritis, the gastrin
level is increased. Generally, low and high levels of
gastrin predict atrophic gastritis and gastric cancer,
respectively. However, gastrin as a biomarker does
not provide information about the cancer stage.
Furthermore, combined tests for the detection of
H. pylori and the PGI/PGII value also help to detect
[139]
gastric cancer
. Patients with a seronegative
H. pylori result and PG within the norm have very
low rates of cancer susceptibility. The risk rises in
cases of H. pylori seropositivity and low PGI/PGII
values, suggesting the presence of gastric atrophy.
However, negative H. pylori testing accompanied by
low PGI/PGII indicates the manifestation of autoim-
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Other cancers potentially related to H. pylori

[109-111]

H. pylori infection is linked to MALT lymphoma
.
Nearly 98% of MALT lymphomas are H. pylori
dependent because prolonged infection with the
pathogen leads to proliferation of the lymphoid tissue.
Eradication of H. pylori infection used as a cure for
H. pylori-positive MALT lymphoma was found to
correlate with the remission in 60%-80% of MALT[111,140]
lymphoma cases
. The presence of H. pylori
in the host elevates the risk of developing other
lymphomas, such as diffuse large B cell lymphoma
[3]
and ocular adnexal lymphoma . Contradictory results
leave unclear the influence of the pathogen and of
eradication therapy on carcinogenesis. Several studies
have shown that H. pylori infection is correlated with
[140-142]
laryngeal squamous cell carcinoma
. CagApositive strains were found to cause a more severe
condition and reduce the survival rate. However, not
[3]
all cases confirm such an association . Colorectal
cancer development is also considered to be related to
[143-146]
H. pylori infection
. High rates of mortality in
specific regions from colorectal and stomach cancer,
as well as high prevalence of the pathogen in critical
colorectal adenomas point to H. pylori as a mutual risk
factor. Some studies are in opposition to this theory
because the pathomechanisms are not fully understood. An association between H. pylori infection and
[147,148]
hepatocellular carcinoma has been suggested
.
[149]
Esmat et al
have suggested that the presence of
CagA positive H. pylori strains in the liver may cause
progression of hepatocellular carcinoma due to infection with hepatitis C virus (HCV). The link between
H. pylori infection and hepatic carcinoma has been
confirmed by detection of genetic material of these
[150]
bacteria in hepatic tissue . The possibility of corelation between H. pylori infections and the development
[151]
of pancreatic cancer has been suggested
. The
+
role of gastric carriage of H. pylori CagA strains, in
increasing a risk for gastric ulcer as well as gastric
and pancreatic cancers was shown on the basis of
seroprevalence of H. pylori by Stolzenberg-Solomon
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[152]

et al
. Meta-analysis performed by Trikudanathan
[153]
et al
, suggested a reduced statistically significant
association. In addition, other data support the
hypothesis of a correlation between pancreatic cancer
and H. pylori as well as the ABO genotype due to its
role in gastric secretion and the secretory activity of
[154-156]
the pancreas
.

of ABCCC type can induce intestinal metaplasia,
IL-8 production by epithelial cells, dysfunction of Crk
adaptor proteins, and anti-apoptotic and carcinogenic
effects more intensively than the CagA protein of the
ABC type.
The association between the number of EPIYA-C
regions and increased CagA tyrosine phosphorylation,
protein tyrosine phosphatase (SHP)-2 binding activity,
cytoskeletal alterations, IL-8 expression in gastric
mucosa, development of the hummingbird cell phe[162]
notype and severe disease frequency was found
.
Western and East Asian CagA proteins differ in
sequence among the EPIYA motifs. The FPLKRHD
KVDDLSKV sequence, which is present in Western
type CagA in East-Asian type CagA is substituted
by KIASAGKGVGGFSGA sequence. This amino acid
sequence variation is supposed to be responsible for
the higher frequency of gastric cancer in Japan as
[162]
[159]
compared to the Western coutries
. Jones et al
verified that the East Asian EPIYA phenotype is closely
related with disease development. Phosphorylated
CagA regions are primarily EPIYA-C and -D sites, which
[159]
are required for binding to SHP-2 and its activation .
[158]
Chattopadhyay et al
have suggested that in
India, the infections related to different structures of
CagA can be multiple. In this case the disease course
is not determined by a particular type of CagA. They
concluded that the risk of developing the disease is
also associated with polymorphism of genes encoding other H. pylori proteins, as well as with the host
[158]
genotype .
Research on a group of 436 Brazilian patients by
[163]
Batista et al
showed that H. pylori strains in this
region are the Western type and that there is a tight
correlation between the number of EPIYA-C segments
and increased risk of gastric carcinoma but not duo[163]
denal ulcers
similarly as in Caucasian population
[164,165]
from Italy and American patients in Texas
.
Regardless of the C/D type, most CagA molecules
include single A- and B- tyrosine phosphorylation
motifs (TPMs) that do not undergo simultaneous
[166]
tyrosine phosphorylation
. Phosphorylated A- or
B-TPMs have host interaction partners distinct from
C- or D-TPMs and from each other, suggesting unique
[166]
signaling functions. Zhang et al
showed that in the
Western population, also, the polymorphism of the
EPIYA-B motifs influences the frequency of disease
development, suggesting that a single nucleotide
polymorphism in a major bacterial interactive com
pound could promote a disease outcome. In this
study, the CagA B-TPM sequences showed the highest
variability. The EPIYA motif was present in 72.6% of
B-TPMs. However, other EPIYA-like motifs have been
identified (EPIYT, ESIYT, ESIYA, GSIYD). The analysis
[166]
carried out by Zhang et al
demonstrated that the
association of EPIYT segments with gastric cancer is
lower than the EPIYA motifs.
The correlation, which was found between EPIYA

H. PYLORI DIVERSITY VS GASTRIC
CANCER RISK
CagA variation

The course of H. pylori infection depends on complex
interactions between the microbial agent and the host
genetic background, as well as host immune profile.
H. pylori is a diverse microorganism. Specific features
of an individual strain can determine the severity of
inflammation and its consequences, including the
promotion of malignancy. This diversity refers to the
most important virulence factors, such as CagA, VacA
toxin and OMPs.
CagA induces in vitro, the ‘hummingbird’ phenotype of epithelial cells of the stomach with symptoms
of cell elongation. These cellular changes are similar to
epithelial-mesenchymal transition (EMT), which occurs
during development of gastric cancer stem cells (CSC).
H. pylori CagA promotes EMT phenotype, which was
studied on the basis of both mesenchymal markers
[157]
and CD 44 molecules associated with CSC
. The
presence of CagA with phosphorylated Glu-Pro-IleAla-Tyr, called the EPIYA motif, in host cells induces
changes in the cytoskeleton, modifications of intercellular connections and deregulation of the expression
of genes encoding transcription factors. EPIYA motifs
in the C terminal region of CagA determine its interaction with numerous host proteins. Multimeric, nonphosphorylated CagA protein enhances the activity of
phosphorylated CagA protein and contributes to the
[11,28]
loss of cell polarity
. Within the EPIYA motif there
is a phosphate acceptor tyrosine domain. This region
is polymorphic since it contains different numbers
of EPIYA motifs. Moreover, the diversity was also
found in regions among EPIYA sequences. The length
polymorphism at the 3’ end of the cagA gene results
with increased phosphorylation of CagA protein, which
enhance its biological activity and promotes more
[158]
severe disease outcome
. Four EPIYA motifs have
been described: -A, -B, -C, and -D. Their combination
[159]
depends of geographic regions
. In general Western
H. pylori strains possess EPIYA -A, -B, and -C whereas
strains from East Asian region EPIYA -A, -B, and -D.
The East Asian CagA-positive H. pylori strains are
[160]
more closely associated with gastric cancer
.
[161]
Vaziri et al
studied the influence of EPIYA motifs
on the transcriptions of genes related to gastric cancer
by using transfected gastric cancer AGS cell line with
a eucaryotic vector carrying the cagA gene: ABC and
ABCCC types. They found that the CagA oncoprotein
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motifs and the level of IL-8 as well as a strength of
inflammatory response in gastic mucosa may depend
[167]
[162]
on the geographical region
. Fajardo et al
and
[167]
Reyes-Leon et al
did not show correlation between
the number of EPIYA-C motifs and IL-8 induction in
the Columbian as well as Mexican population whereas
[168]
Argent et al
obtained an opposite results for English
population. Interestingly, Mexican and Columbian
H. pylori strains share common predominant polymorphisms (ABC and ABCC). Hatakeyama has suggested
that CagA is involved in gastric carcinogenic processes
through a hit-and-run mechanism, in which prooncogenic activities of CagA are successively taken
over by a series of genetic and/or epigenetic alterations compiled in cancer-predisposing cells during long+
[29]
lasting infection with cagA H. pylori .

are crucial for adaptation of the pathogen to the host.
They play a role in bacterial movement and adhesion
[7]
to gastric tissue . Adhesins with known binding
b
specificity include BabA (HopS), which binds Lewis ,
a fucosylated blood-group antigen that is present in
[31]
gastric tissue
and SabA (HopP), which is a sialic
acid-binding adhesin associated with higher coloniza[173]
tion density in humans . The alpAB locus has been
shown to encode the outer membrane adhesins AlpA
[174]
and AlpB, which bind laminin
. The HorB protein
is another adhesin, however, its ligand has not been
[175]
identified .
The best-characterized OMP of H. pylori is BabA,
[176]
which is encoded by the babA2 gene . Research car[176]
ried out by Torres et al
on a group of 130 H. pylori
isolates from dyspeptic Cuban patients showed that
the presence of a ‘triple positive’ genotype (vacAs1,
cagA and babA2) (56.2% isolates) is correlated with
the appearance of peptic ulcers, intestinal metaplasia
and gastric cancer. Infection with these strains was
found to be associated with a higher degree of inflam[176]
mation and gastroduodenal lesions
.
Research on 167 H. pylori-positive patients
[177]
conducted by Zambon et al
allowed patients to be
divided to four groups (A, B, C and D) on the basis
of bacterial genotypes: cagA(-), s2 m2, babA2(-);
cagA(+), s1 m1, babA2(+); cagA(+), s1 m2,
babA2(+); cagA(+), s1 m2, babA2(-), respectively,
that differ in their ability to induce gastrointestinal
diseases. H. pylori strains of group B induced the worst
inflammatory response including intestinal metapla[177]
sia
. Moreover, a relationship between cagA and
the s1 and m1 alleles of vacA and oipA was found. By
comparison, H. pylori strains without cagA were usually babA2(-) and oipA(-) and they held the s2 and m2
vacA alleles. This observation confirmed the role of the
pathogenicity island as the main vehicle of virulence
[177]
genes .
Another important Hop is HopH, encoded by the
[178]
HP0638/hopH gene . The hopH genotype has been
foud related to H. pylori virulence markers including
vacAs1, vacAm1, babA2, with the strongest association
to cagA. The association of the HopH gene with gastric
disorders could be due to promotion of increased
bacterial adherence and colonization by the HopH. The
expression of hopH has been found regulated by phase
[178]
variation within a CT dinucleotide repeat motif .

VacA variants

VacA is a polymorphic toxin with pore forming activity
and there are different allels of vacA gene within
H. pylori strains. VacA is composed of four regions,
which are further subdivided. The signal (s) region,
which includes the N-terminus and a signal sequence
[169]
is classified as s1 or s2 . The s region influences the
[170]
formation of anion channel
. The mid (m) region,
which affects host cell tropism, is classified as m1
[169,170]
or m2
. The intermediate (i) region is classified
[169]
as i1, i2, or i3
. This region determines the vacu[171]
olating and cancerogenic activity of VacA toxin
.
The d region means the deletion of 81 bp between
the i- and m-regions. Without deletion it is classified
as d1 or d2 if a 69 to 89 base pair deletion is pres[169,171]
ent
. VacA virulence depends on the combination
of individual parts. The vacA s1/m1 alleles determine
high cytotoxic activity of VacA. By comparison the
s1/m2 and s2/m2 genotypes are not cytotoxic. The
s1/m1 profile is strongly correlated with the outcome
of duodenal ulcers, peptic ulcer disease, progression of
[169,170]
preneoplastic lesions, and gastric cancer
. Ogiwara
[172]
et al
showed that the risk of gastric cancer in
Western countries is related to the s1, m1, i1, and d1
polymorphisms, which are potentially linked with an
increased neutrophil infiltration and gastric mucosal
[171]
atrophy . However, in other studies such a correla[171,172]
tion was not found in East Asian countries
.
It was found that i1 variants of the VacA protein
have stronger vacuolating activity than i2 variants.
Moreover, the i1 region is considered a better predictor
of disease severity than the s1 and m1 variants in
Western strains. The i region may contain A, B, and C
polymorphic domains. The VacA toxicity depends on B
[170]
and C part .

Host genetic susceptibility and immune profile

The long lasting inflammation induced by H. pylori
infection is followed by DNA damage, the impairement
of repair processes and increased rate of mutations.
These phenomena promote the development of
[128-132,179]
H. pylori-related gastric carcinogenesis
.

OMPs

Genes encoding OMPs consist 4% of H. pylori genome.
Many H. pylori OMPs belong to OMP family 1, which
contains various H. pylori outer membrane proteins
(Hop) and Hop-related proteins (Hor). H. pylori OMPs
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Pattern recognition receptors

Pathogens possess many conservative PAMPs. These
structures, which are present in various groups of
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microorganisms, have not changed during evolution
and do not occur in human organisms.These compounds are recognized by PRRs, which are deposited
on immune cells as well as epithelial cells and vascular
endothelium. TLRs and damage-associated molecular
[180,181]
patterns (DAMPs) are representative PRRs
.
Various groups of receptors are simultaneously
engaged in recognition of H. pylori compounds and
the development of gastric cancer. These are TLR2,
TLR3, TLR4, TLR5, and TLR9; nucleotide-binding
oligomerization domain (NOD)-like receptors (NLRs),
such as NOD1, NOD2, and NLRP3 (NLR family pyrin
domain containing 3); dendritic cell-specific intercellular grabbing non-integrin; retinoic acid-inducible
gene (RIG)-I-like receptors (RIG-I); and melanoma
differentiation associated protein 5. Polymorphisms in
genes, which are involved in the signaling cascades
via TLR, NLR, apoptosis-associated speck-like protein,
and caspase recruitment domain containing protein
8 (CARD8) can increase the risk of H. pylori infection
[182,183]
and gastric cancer
. This can happen because
the dysfunction of genes, which are involved in cell
signaling pathways via the above receptors may significantly modulate the host immune response during
[183]
H. pylori infection
.

increased risk of inflammatory disease. The results
[182]
obtained by Castaño-Rodríguez et al
confirmed
that in the Western population the TLR4 Asp299Gly
G allele as well as the TLR4 rs11536889 C allele and
the CC genotype increased the risk of gastric cancer
or other inflammation-related cancers. These results
indicate that there is a relationship between the TLR4
rs11536889 polymorphism and increased incidence of
cancer, which is consistent with the fact that the TLR4
rs11536889 polymorphism is located in the center of
the 2818-bp TLR4 3’UTR and, therefore, may affect
mRNA stability. However, other studies of polymorphism investigated in Asian and Caucasian individuals
have shown different risk associations with gastric
[182]
cancer in an ethnic-specific manner .

TLR2

In H. pylori infection, much attention is also focused
[188]
on TLR2. It has been shown
that H. pylori LPS
as TLR2 ligand induces the secretion of chemokines
by gastric epithelial cells due to acting on tribbles 3
(TRIB3) protein, which is involved in the expression
of the nuclear factor NF-κB. However, both TLR4 and
TLR2 are engaged in the response of host immune
cells against H. pylori, which effectiveness depends
[183]
on the polymorphism of those receptors
. Metaanalysis of TLR2 -196 to -174 deletion and risk of gastric cancer conducted on 1364 gastric cancer patients
and 2487 controls showed that there is an association
between this polymorphism and risk of gastric cancer
in the Japanese population. Polymorphism at this
position decreases the induction of IL-8 secretion, thus
impairing the response to H. pylori. Interestingly that
correlation failed to be shown in the Chinese population, which may indicate an ethnic consideration in the
[182]
incidence of stomach cancer
.

TLR4

TLRs recognize various H. pylori PAMPs, including
flagellin (TLR5) and unmethylated CpG motifs (TLR9)
[183]
as well as LPS (TLR4/TLR2)
.
The expression of TLR2, TLR4 and TLR5 increases
during gastric dysplasia and especially a strong correlation between TLR4 and gastric carcinoma has been
[184]
[185]
suggested
. Additionally, Chochi et al
found that
binding of H. pylori LPS to TLR4 resulted in increased
growth of gastric adenocarcinoma. On this way also
antitumor activity of human mononuclear cells was
diminished.
In recent studies, much attention has been paid
to the influence of TLR receptor polymorphisms on
the development of diseases associated with H. pylori
infection. Single nucleotide polymorphisms (SNPs) of
the TLR4 receptor were connected with an increased
risk of gastric carcinoma, including TLR4 rs4986790
[186,187]
[187]
(Asp299Gly)
, TLR4 rs4986791 (Thr399Ile)
,
TLR4 rs10116253, TLR4 rs10983755, TLR4
[182]
[183]
rs11536889 (C3725G/C)
, TLR4 rs1927911
.
TLR4 Asp299Gly and Thr399Ile polymorphisms
located in the encoding region have been considered
the most important since they diminish the stability of
[182,187]
the TLR4 extracellular domain
.
[186]
Another study conducted by Bagheri et al
on
a group of 195 patients with H. pylori infection and
241 H. pylori not-infected individuals confirmed that
the increased frequency of TLR4 (Asp299Gly) G and
DG alleles was related to chronic active gastritis. An
A-G substitution at 896 bp was associated with a
decreased response to LPS in vivo and in vitro and an
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CD14

CD14 molecule and TLR4 both participate in the recog[189]
nition of LPS
. During H. pylori infection monocytes
and macrophages have been shown to release IL-12
in response to CD14 - dependent activation. This was
correlated with the infiltration of gastric mucosa with T
helper 1 lymphocytes and the maintenance of chronic
[190]
inflammatory response
.
Two SNPs identified in the promoter region of
the CD14 gene: -260C/T (rs2569190 or CD14 -159)
and -561C/T (rs5744455), have been suggested to
[182,191]
increase the susceptibility to gastric cancer
.
The CD14 -260 T allele had decreased affinity for
the binding with DNA of transcription factors such as
stimulatory proteins (SP) 1, SP2 and SP3 of which SP3
downregulates the activation of the cells by SP1 and
SP2. Thus, the SP3 to SP1 and SP2 ratio might play
an important role in the regulation of CD14 transcrip[182,192,193]
tion
. Although an increased transcription activity of this allele has been demonstrated in monocytes
with low levels of SP3 a direct correlation between
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CD14 polymorphism and gastric cancer incidence still
[190]
needs to be investigated .

ing specific cytokines including tumor necrosis factor
[204]
(TNF)-α, IL-1, IL-8 and Il-10
. Genetic polymorphisms have been considered as factors increasing
cytokine levels and susceptibility for cancer develop[205]
ment due to hypochloridria .

NODs

The NOD-like receptors detect PAMPs localized
intracellularly as well as cellular DAMPs released due
to elevated stress conditions. These receptors are
involved in the development of innate immunity, regu
lation of inflammatory response and programmed cell
death. Among NODs the binding specificity of NOD1
and NOD2 is different. NOD1 binds γ-D-glutamylmeso-diaminopimelic acid whereas NOD2 muramyl
[194,195]
dipeptide
.
During H. pylori infection NOD1 is engaged in the
induction of NF-κB and activator protein 1 (AP-1),
which are involved in cytokine synthesis and cell acti[190,196-198]
vation, thus triggering inflammatory response
.
It has been shown that NOD1 regulates direct killing
[199]
of H. pylori by antimicrobial peptides
, enhances
IFN-γ signaling in gastric epithelial cells during H. pylori
infection, particularly with cag-PAI positive strains and
[198,200]
exacerbates disease severity
. NOD2 induces
pro-IL-1β and is necessary for the induction of NLRP
containing protein 3 (scaffolidng proteins of inflam[201]
masomes) in H. pylori-infected dendritic cells .
Polymorphism among NOD receptors also has an
impact on the rate of stomach cancer incidence. Wang
[202]
et al
, carried out a test on a group of 296 patients
with gastric cancer and 160 healthy subjects in the
Chinese population, which showed that the NOD1
rs2907749 TT polymorphism reduced the likelihood
of cancer of the stomach but NOD1 rs7789045 TT
increased the incidence of stomach cancer (especially
in the case of the NOD2 genotype rs7205423). An
enhanced NOD1 expression was detected in H. pylori
infected gastric mucosa. This might suggest that sig[202]
naling via NOD1 determines gastric inﬂammation
.
In general there is no association between NOD1/
NOD2 mutations and gastritis as well as gastric ulcer.
However, association between the R702W mutation in
the NPD 2/CARD15 gene and gastric lymphoma has
been found. The risk of gastric lymphoma is higher
in those who carry allele T as compared to control
[200]
[203]
individuals
. Companioni et al
have found a
significant association between SNPs in CD14, NOD2
and TLR4. This study revealed that genetic variation
in NOD2 associates with nocardia gastric cancer while
variation in CD14 is associated with cardia gastric
cancer.

IL-1

IL-1 (IL-1α and IL-1β), is a pro-inflammatory cytokine
and IL-1 receptor antagonist (IL-1Ra) possess a
natural anti-inflammatory activity. The initiation or
the maintenance of inflammation depend on the bal[204]
ance between IL-1β and IL-1Ra
. IL-1β and IL-1RN
gene polymorphisms increase risk of hypochloridria
and gastric carcinoma. This is because the elevated
levels of IL-1 initiate spontaneous inflammation,
which then can be followed by dysplasia and gastric
carcinoma through an activation of the IL-1/NF-κB
[206-208]
pathway
. It has been shown that IL-1β signi
ficantly amplifies inflammatory response during
[204,205]
[204]
H. pylori infections
. Ramis et al , investigated
in the IL-1B gene three SNPs (C-T transition at -31
position; C-T transitions at -511 and +3954 positions),
associated with an enhanced secretion of IL-1β. In
H. pylori infected patients there was a correlation
between IL-1β level and the T/T genotype (-511
position) as well as the C/C genotype (-31 position).
In such patients an increased risk of gastritis but
not peptic ulcer and gastric carcinoma has been
found. This research group also proved that patients
with the T/T genotype of IL-1B (-511 position) were
more frequently infected with H. pylori cagA(+)
strains. There was no correlation between IL-1B gene
polymorphisms at position +3954 and increased
prevalence of H. pylori infection as well as H. pylori[204]
derived diseases
.
However, in the Costa Rican population two proinflammatory genotypes IL-1β +3954 T/C and IL-1RN*2/L
[209]
were foud related to gastric cancer cases . Caleman
[210]
Neto et al
, have suggested that the IL-1β -31T/T
polymorphism acts as a protective factor against
H. pylori infection in the Brazilian population.
Contrary to previous studies, Al-Moundhri
[211]
et al , has proven that the widely reported association between IL-1β -31/-511 polymorphism and gastric
cancer was not established in the Omani Arab population, supporting the ethnic differences in the effect of
IL-1B polymorphism on gastric cancer development.

IL-1RN

Il-1RN as an antagonist of the IL-1 receptor modulates its activity. The most intensively studied IL-1RN
polymorphism connected to gastric cancer outcome
is a 86-bp variable number of tandem repeats poly[208]
morphism in the IL-1RN second intron (IL-1RN*2)
.
The study carried out on the Brazilian Amazon popula[205]
tion by Melo Barbosa et al
, showed that among
patients with gastric ulcer and adenocarcinoma there
was a higher frequency of allele 2 carriers (IL-1RN*2).

INFLAMMATION DRIVEN MALIGNANCY
RISK
Cytokines

During H. pylori infection the immune and gastric
epithelial cells respond by the secretion of cytokines
(pro- and anti-inflammatory). The level of cytokines
might depend on polymorphisms of the genes encod-
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[212,213]

The IL-1Ra protein (encoded by the IL-1RN gene)
competes with the IL-1 receptor to inhibit the action
induced by IL-1β. The presence of the IL-1RN*2 variant is connected with the increased levels of IL-1β in
the gastric mucosa and to hypochlorhidria in compari[205]
son to IL-1RN1/1 variant . Research performed on a
group of 118 gastric cancer patients and 245 healthy
controls also supported the correlation between the
presence of the IL-RN*2 allele and the increase in the
[211]
gastric cancer ratio in the Arab population
.

matory response
. Since 2003 researchers have
consistently reported associations between IL-10592 A/C SNP and susceptibility to gastric cancer
[217]
but with mixed or conflicting results
. A meta[218]
analysis performed by Ni et al
indicated that in
Asian populations the carriers of IL-10 -1082 GG-plusGA genotypes are more susceptible to all types of
gastric cancer.
[219]
Kim et al
investigated three IL-10 promoter
polymorphisms: -1082A/G, -819T/C, and -592 A/C
probably related to elevated levels of IL-10. These
polymorphisms were associated with an increased
risk of intestinal-type noncardiac gastric cancer but
[219]
only in H. pylori infected smokers .
[209]
Con et al
showed that the IL-10 -592 A/A or
-592 C/A polymorphisms were associated with an
increased risk of gastric cancer in the Costa Rican
population. In the above study the IL-1β +3954 T/C,
IL-1RN*2/L and IL-10: -592 C/A polymorphisms,
in the patients infected with H. pylori vacA s1b/m1
strains have been found to predispose them to gastric
cancer. It means that synergistic effect of bacterial
and host genotypes may influence the course and the
[209]
consequences of H. pylori infection .

Tumor necrosis factor alpha

TNF-α is a cell signaling protein involved in systemic
inflammation and acute phase reaction. This cytokine
is produced by activated macrophages, CD4+ lymphocytes, NK cells, neutrophils, mast cells, eosinophils,
and neurons. It takes part in the regulation of immune
cell activity, fever induction, apoptotic cell death,
cachexia, inflammation, inhibition of tumorigenesis
and viral replication. It is also involved in the cytokine
[212,213]
response during sepsis
. The elevated secretion of TNF-α is observed in the gastric mucosa of
H. pylori infected patients where this cytokine induces
[214]
cell apoptosis
. The activity of TNF-α is regulated
by soluble TNF receptors (sTNF-Rs), which potentially
protect gastric epithelial cells colonized by H. pylori
[214]
from apoptosis
.
TNF-α activity and concentration can be influenced
by SNPs (G to A transitions at -308A and -238 posi[215]
tions) in the promoter region of TNF-α gene
. In
the Korean population the transition at -308 position
was related with a CagA(+) H. pylori infections and
its severe consequences. The biallelic polymorphism
at this position is associated with the development of
[205]
gastric carcinoma in the Caucasian population
.
The binding of AP-2 to -308 region was found by
[215]
Yea et al
to be altered by the −308A allele. Due to
this -308A polymorphism might lead to an increase in
[215]
TNF-α gene expression
.
The latest results of meta-analysis obtained by Sun
[216]
et al
demonstrate that TNF-α -308G/A and -1031
T/C polymorphisms may be protective factors against
H. pylori infection, whereas -863C/A substitution may
be a risk factor, especially in Asian populations. The
authors also showed that there was no significant
association between -857C/T polymorphism and
H. pylori infection while -863C/A significantly increased
the risk of infection. Moreover, the -1031T/C polymor
phism decreased this risk for the Asian subgroup and
[216]
hospitalized patients
.

IL-8

During early phase of H. pylori infection a chemotactic
IL-8 induces infiltration of granulocytes to the site of
infection and induction of phagocytosis once they have
[204]
arrived
. Activation of phagocytes in the inflammatory milieu may result in gastric barrier damage
due to releasing of proteolytic enzymes and reactive
[220]
oxygen radicals
.
As in the case of other cytokine polymorphisms,
IL-8 differentiation is also the subject of research.
[210]
Caleman Neto et al
suggested that in Eastern
populations the elevated production of IL-8 and the
intensity of the inflammatory response depends on
the presence of the A allele in the promoter region of
the IL-8 gene (-251 position).
[220]
Ohyauchi et al
investigated a correlation bet
ween IL-8 polymorphism and gastroduodenal disease
outcome during H. pylori infection in the Japanese
population. Thy showed that in H. pylori infected
patients the presence of IL-8 -251A allele was linked
with the gastric ulcer, gastric atrophy and then cancer.
This study confirmed that, in comparison to the IL-8
-251T variant, IL-8 -251A transcription is activated in
more active gastritis with strong neutrophil infiltration.
These results have been confirmed by the study of
[210]
Caleman Neto et al
, performed with 60 patients,
which showed that the IL-8 -251TT genotype could
protect whereas the IL-8 -251TA genotype could
promote the H. pylori infection.

IL-10

IL-10 is a pleiotropic cytokine, which has the ability
to suppress or stimulate anti-cancer properties of
immune cells. This cytokine downregulates the production of pro-inflammatory cytokines by inhibition of
Th 1 lymphocytes and stimulation of B, as well as Th
2, lymphocytes and thus downregulates the inflam-
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Cyclooxygenase-2

Cyclooxygenase-2 (COX-2) catalyzes the conversion of arachidonic acid to prostaglandins and its
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production increases in response to growth factors,
cytokines and mitogens. COX-2 is often undetectable
in normal tissues, whereas in tumor tissue specimens
[221,222]
its expression is higher
. Specifically, increased
COX-2 expression is linked to the progression of
gastric cancer and precancerous tissues by activating
angiogenesis, inhibiting apoptosis, and accelerating
[221]
invasion and metastasis
. In addition to cytokine
polymorphisms, genetic differentiation of cyclooxygenase also plays an important role in the develop[222]
ment of H. pylori-associated gastric diseases
.
Concerning the polymorphisms of promoter region of
[222]
COX-2 (1195G/A and -765G/C), Li et al
showed
that the increased risk of gastric cancer appears in
the carriers of the COX-2-1195AA but not of the COX2-765G/C genotype.
[221]
Meta-analysis carried out by Zhao et al
showed
that the -765G/C polymorphism (rs20417) in the
promoter region of the COX-2 gene could be a risk
factor for gastric cancer in Asians and Indians. This
SNP affects the transcription and functional activity
of COX-2. The COX-2-765G/C polymorphism was
significantly associated with an increased risk of gastric
cancer, regardless of H. pylori infection.

the outcome of the infection. The highest prevalence
rates of infection are reported in Asia and Africa. For
years H. pylori infection might remain asymptomatic
in spite of the developing condition. Medication for
chronic gastritis or peptic ulcers involves antibiotic
therapy. Sequential therapy is the most efficient treatment to cure the infection. To prevent the occurrence
of antibiotic resistance, only cases with clinical symptoms or asymptomatic patients in a risk group ought
to be treated. Adequate results for H. pylori detection
are provided by the non-invasive urea breath test
and invasive nested PCR. Eradication of the infection
typically leads to improved patient health, but it may
allow the development of gastroesophageal disease
and asthma. The intensity of the infection reflects the
ability of H. pylori to induce extragastric diseases.
Chronic atrophic gastritis is the precursor condition
for ulceration and gastric malignancy. Classified as a
group I carcinogen and causing nearly 670 thousand
new cancer cases every year, H. pylori has become a
threat to our lives. Specific biomarkers are crucial for
early diagnosis of gastric cancer. Although H. pylori
is one of the most studied pathogens of the upper
gastrointestinal tract, many of its mechanisms of
action are still not well understood.

Polymorphisms involved in deregulation of T cell
response
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Abstract
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Gastroenterology, University Hospital of Ioannina, Faculty of
Medicine, School of Health Sciences, University of Ioannina,
45110 Ioannina, Greece

Pseudopolyps are a well described entity in the
literature and even though the exact pathogenesis
of their formation is not completely understood, they
are considered non-neoplastic lesions originating from
the mucosa after repeated periods of inflammation
and ulceration associated with excessive healing
processes. Their occurrence is less common in Crohn’s
disease than in ulcerative colitis, and their overall
prevalence ranges from 4% to 74%; moreover, they
are found more often in colon but have been detected
in other parts of the gastrointestinal tract as well.
When their size exceeds the arbitrary point of 1.5
cm, they are classified as giant pseudopolyps. Clinical
evaluation should differentiate the pseudopolyps
from other polypoid lesions, such as the dysplasiaassociated mass or lesion, but this situation represents
an ongoing clinical challenge. Pseudopolyps can
provoke complications such as bleeding or obstruction,
and their management includes medical therapy,
endoscopy and surgery; however, no consensus exists
about the optimal treatment approach. Patients with
pseudopolyps are considered at intermediate risk for
colorectal cancer and regular endoscopic monitoring
is recommended. Through a review of the literature,
we provide here a proposed classification of the
characteristics of pseudopolyps.
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Core tip: In inflammatory bowel disease patients,
pseudopolyps are formed at the bowel wall during the

1541

March 7, 2017|Volume 23|Issue 9|

Politis DS et al. Pseudopolyps in IBD

inflammatory process. Published reports have begun
to elucidate the mechanism of pseudopolyp formation
and prevalence; however, the clinical challenge in
distinguishing these entities from other dysplastic
lesions remains and there is scarce data about their
complications and management. In this review, we
aimed to condense the published reports about their
prevalence and to present a classification of their distinct
characteristics based on endoscoping and histologic
criteria, in order to facilitate their recognition. Moreover,
available methods for confronting their complications
and long-term management are presented.

DEFINITIONS AND MECHANISMS OF
FORMATION
PPs are formed as a consequence of alternating cycles
of inflammation and regeneration of the ulcerated
[4]
[5]
epithelium . The terms pseudopolyps , inflammatory
[6]
[7]
polyps , post-inflammatory polyps or inflammatory
[8]
pseudopolyps are often applied interchangeably in
the literature, creating confusion. The term pseudopolyps, however, has been applied to the characterization
of surviving islets of mucosa between ulcers during
a severe attack, which create the impression of a
[9]
polyp , and of loose mucosal tags, which are formed
because of severe ulceration undermining the integrity
of the muscularis mucosa. In conjunction with the
inflammation process and cellular infiltration of the
submucosa, granulation tissue is formed, which is
more intense in some focal areas, thereby producing
[10]
inflammatory polyps . During the healing process,
which features re-epithelization and excessive regene
[11]
ration, post-inflammatory polyps are formed , taking
their shape from the elongation of mucosal tags
related to the bowel’s peristaltic contractions and the
[12]
stream of feces . From this perspective, the postinflammatory polyps can be separated into the follo
wing categories: (1) pseudopolyps; (2) inflammatory
polyps; and (3) post-inflammatory polyps.

Politis DS, Katsanos KH, Tsianos EV, Christodoulou DK.
Pseudopolyps in inflammatory bowel diseases: Have we
learned enough? World J Gastroenterol 2017; 23(9): 1541-1551
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i9/1541.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1541

INTRODUCTION
The word pseudopolyp (PP) derives from the compound pseudo, a prefix with Greek origin meaning
“fake”, and a second compound, polyp, which means
“any projection into the intestinal lumen above the
[1]
layer of mucosa” . The precise pathogenesis of these
“fake” polyps is not entirely understood, even though
a respectable number of reports exist in the current
medical literature. PPs have been described in association with ulcerative colitis (UC) as far back as 1926,
although the modern identifier terminology was not
[2]
used at that time . Their name originated as an effort
to separate them from the true neoplastic polyps,
[3]
namely adenomas .
This review focuses on the description of the
distinct characteristics of PPs, emphasizing their management and differentiation from dysplasia-associated
lesion or mass (DALM) encountered in inflammatory
bowel disease (IBD) patients.

HISTOLOGY
Histology reveals the various aspects of inflammationacute and chronic-that occur in bowel wall, often
simultaneously and parallel in neighboring areas of the
colon. The first type is composed only from mucosa,
which can be relatively intact or edematous, representing mucosal remnants between zones of ulceration
and which, for most authors, are considered the “true’’
[10]
PPs (Figure 1A).
Inflammatory polyps consist of compact, nonepithelialized granulation tissue, representing a dense
mixture of lymphocytes, plasma cells and mast cells
predominantly but also includes neutrophils and
eosinophils, all of which are detected as infiltrating
the proper lamina of ulcerated epithelium. Postinflammatory pseudopolyps are composed of a
layer of normal or slightly-hyperplastic glandular
epithelium, mucosa muscularis and a submucosa core
of fibrovascular tissue. However, at the bowel wall,
mixed forms of these types are frequently found; for
example, remnant mucosa infiltrating granulation
tissue or granulation tissue at the free ends of postinflammatory polyps have been detected. The latter is
due to secondary ulceration or inflammatory infiltration
[13]
at the base of PPs .
[6]
Kelly et al divided PP types into polypoid mucosal
tags and mature inflammatory polyps, encompassing
essentially all the previous forms, and proposed the

literature RESEARCH
To conduct this review, a search of the medical
literature of the PubMed database was carried out
to identify articles published up to January of 2016.
Topically relevant articles were identified using the
terms “pseudopolyps”, “inflammatory polyps”, “inflammatory pseudopolyps”, “giant pseudopolyps”,” post
inflammatory pseudopolyps”, “inflammatory bowel
disease”, “ulcerative colitis”, “Crohn’s disease”, and
“colonic polyps”. Bibliographies of the relevant articles
were manually searched to identify potentially topical
supplementary references, which were retrieved and
reviewed. The images provided in this review represent cases managed in our clinical division.
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Figure 1 Examples of various types of pseudopolyps in different patients with inflammatory bowel disease. A: Endoscopic picture of deep ulcers and residual
islets of surviving mucosa, the “true” pseudopolyps; B: Localized pseudopolyps of varying size up to 1.6 cm with discrete borders, pale surface, exudates on surface
and varying forms. Biopsy of the polyps revealed inflammatory infiltration of lymphocytes, distortion and branching of the crypts compatible with post inflammatory
pseudopolyps; C: Long filiform pseudopolyp located in the transverse colon captured with biopsy forceps; D: Localized filiform pseudopolyposis located in sigmoid
colon; E: Post-inflammatory generalized pseudopolyposis; F: Cluster of pseudopolyps in sigmoid colon with 2.5 cm size, creating a giant localized pseudopolyp.
Multiple biopsies of the polyp showed lined epithelium with a core of connective tissue and vessels with inflammatory infiltration which confirmed the diagnosis of
pseudopolyp; G: Multiple pseudopolyps stubble the sigmoid colon. In this case, surveillance for dysplasia-associated lesion or mass can be challenging because
of the intense inflammation and the multiple pseudopolyps; H: Pseudopolyp or adenoma-like mass? Solitary polyp with 1.5 cm size and broad-based with discrete
borders but without exudates, amenable to endoscopic removal and having a pale surface. Histology after removal of the polyp with electrocautery showed villous
adenoma with mild dysplasia, and without dysplasia in the surrounding mucosa or elsewhere in the colon, compatible with adenoma-like mass; I: Localized postinflammatory pseudopolyps; J: Localized pseudopolyps of 0.3 cm maximum size, located in sigmoid colon with discrete borders and pale, glistering surface.
Endoscopic characteristics were adequate for recognition of pseudopolyps without the need for biopsies or further intervention.

term inflammatory polyp as the most appropriate for
general use. Histology of the giant pseudopolyp (GPP)
type of PIP is composed of multiple bands of the same
[5]
elements .

tine, likely due to this tissue being affected in both
UC and Crohn’s disease (CD). The most common site
is transverse colon and, thereafter, descending and
sigmoid colon, with rectum being the least common
site; moreover, PP in the rectum are usually found
[17]
at the upper third region . The GPPs show similar
[7]
topographic occurrence . However, as CD can involve
the entire gastrointestinal tract, the PPs can be present
throughout but have been detected less often in extracolonic regions. There is an exception to this distribution pattern for UC patients with backwash ileitis,
wherein PPs have also been found at the terminal
[18]
ileum . There are also reports of PPs located at the
[19]
[20]
esophagus , stomach , and different parts of the
[21]
small bowel , with ileum presentation predominating
[22]
in the latter . There is one case report of a CD patient
with pansinusitis location of PP, which regressed with
[23]
medical therapy , and another case report of a
patient with refractory pouchitis who presented with a
[24]
large PP located in an affected pouch .

MORPHOLOGY AND DISTINCT FORMS
OF PP
PPs exist in a variety of forms, including sessile, frondlike and pedunculated, and they can occur as solitary
[9]
or multiple, or as diffuse or localized in distribution .
They also vary in size, but are usually short. When a
PP exceeds 1.5 cm in size (Figure 1B), the term giant
[5]
pseudopolyp has prevailed for their characterization ,
with this description first appearing in the literature in
[9]
1965 .
A distinct form of the post-inflammatory polyps is
the filiform polyps. These appear as slender, fingerlike or worm-like projections of the mucosa and submucosa, and look like a polyp stalk without a head and
[14]
often with branching (Figure 1C, D). They often create a cluster, and as such are termed as localized giant
[15]
pseudopolyposis
(Figure 1E, F). In the literature,
[7]
the term filiform polyposis often accounts for GPPs .
Another distinct form of the post-inflammatory polyps
is the bridged PP, representing a mucosal bridge that
formed from a long filiform polyp connecting to the
[16]
opposite end of the lumen .

PREVALENCE OF PP IN IBD
[13]

PPs are a common finding in IBD . They are found
more often in UC than in CD, and some authors have
reported a double prevalence in UC as compared
[25]
with colonic CD . The reported prevalence rates
[26,27]
vary from 4% to 74%
, but most of the data
supporting these findings was obtained from older
studies that considered only UC. The most commonly
reported incidence rates in UC fall within the range of
[28]
10%-20% . This variation in reported prevalence can

LOCATION AND DISTRIBUTION OF PPs
PPs are more commonly encountered in large intes-
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Table 1 Prevalence of pseudopolyps in inflammatory bowel disease
Ref.

Year of publication

IBD diagnosis

Prevalence of pseudopolyps

Bargen et al[29]
Baars et al[30]

1929
2012

Baars et al[31]
Bacon et al[32]
Bockus et al[27]
Chang et al[21]
Chawla et al[26]
Chuttani et al[33]
De Dombal et al[17]
De Felice et al[19]
Dukes et al[11]
Edwards et al[34]
Geboes et al[39]
Jalan et al[10]
Kelly et al[6]

2012
1956
1956
2007
1990
1967
1966
2015
1954
1964
1975
1969
1987

UC (n = 693)
UC (n = 171)
CD (n = 77)
UC, CD (n = 152)
UC (n = 84)
UC (n = 125)
CD (n = 23)
UC (n = 50)
UC (n = 46)
UC (n = 465)
CD (n = 24)
UC (n = 120)
UC (n = 624)
CD (n = 43)
UC (n = 399)
UC, CD (n = 86)

Lescut et al[35]
Luo et al[36]
Maroo et al[37]
Modigliani et al[50]
Ray et al[38]
Rutter et al[44]

1993
2009
1974
1990
2011
2004

CD (n = 20)
UC, CD (n = 34)
UC (n = 122)
CD (n = 142)
UC (n = 40)
UC (n = 136)

10.0%
30.0%
38.0%
20.0%
57.1%
74.0%
22.0%
4.0%
15.0%
12.5%
4.0%
10.0%
14.9%
16.0%
18.7%
UC: 36%
CD: 17%
GPP: 4.6%
10.0%
29.0%
8.0%
41.0%
27.0%
39.0%

Tandon et al[40]
Teague et al[41]
Teh et al[42]
Velayos et al[43]

1965
1975
1987
2006

Wang et al[45]
Watts et al[46]
Waugh et al[47]
Wright et al[48]
Zheng et al[49]

2007
1966
1964
1965
2007

UC (n = 69)
UC (n = 150)
UC (n = 61)
UC (n = 188)
UC (n = 188)
UC (n = 2726)
UC (n = 169)
UC (n = 205)
UC (n = 269)
CD (n = 27)

17.6%
17.0%
21.3%
42.0%
56.0%
22.0%
47.0%
5.9%
10.0%
48.0%

Special characteristics
44% of UC patients and 30% of CD patients with
unknown status for PP
Colectomy specimens
Hospitalized patients
Examined only small intestine

Location esophagus
Colectomy specimens

Colectomy specimens

Only small intestine examined as location
Pediatric population
Active colonic or ileocolonic CD
Control population without CRC
Population with CRC

Control population without CRC
Population with CRC
Active UC
Surgical specimens
Surgical specimens

CD: Crohn's disease; CRC: Colorectal cancer; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

be ascribed to miscellaneous diagnostic criteria and
[6,9-11,17,19,21,26,29-50]
different populations studied
(Table
1). For the prevalence of GPP, in particular, a review of
53 colectomised patients with GPPs found that 66.6%
[12]
had CD and 33.7% had UC ; however, a more recent
review of 78 patients with IBDs and GPPs found a
prevalence of 53.8% in UC patients, which was slightly
[7]
higher than that found in CD patients (46.2%) .
There is similar prevalence of PPs in both sexes,
and the peak overall incidence is at the ages between
20-40 years. There is no trend in increasing prevalence
with extended period of history of the IBD. Specifically,
[10]
Jalan et al
reported that 33% of patients with PP
[17]
had a < 5-mo history of UC and De Dombal et al
reported that among 204 patients with UC, 8.8% had
[51]
PP on the first flare. For cases of GPPs, Ooi et al
reported appearance with a median disease history
of 5 years after diagnosis for UC and 6 years after
diagnosis for CD; however, there was a broad variation
in the times of appearance, ranging from 1 mo to 20
years for UC and from 3 mo to 37 years for CD.

WJG|www.wjgnet.com

CLINICAL SIGNIFICANCE
The presence of PPs in a patient with IBD can be an
indirect marker of previous episodes of severe inflammation, and their incidence rises with more extensive
colitis. Although there are not any clear prognostic
criteria predicting their formation, it is a common
belief that intense flares and hyperplastic healing predispose to PP formation. A cornerstone study by De
[17]
Dombal et al , involving 465 patients with UC, has
shown that 19.5% of patients with total colitis had PPs
and 38% of the patients with PPs had suffered at least
one episode of severe flare; in addition, 57.1% of the
patients who underwent colectomy to address fulminant UC in 1956 had PP. This high prevalence can be
[32]
[41]
attributable to severe active disease . Teague et al
expressed a similar opinion, citing a PP prevalence of
[10]
41% in 48 patients with total colitis, and Jalan et al
reported that 31% of patients with severe UC had PP.
[52]
In regards to predicting PP formation, Babic et al
proposed that elevation in two of the three following
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Table 2 Pseudopolyps and increased incidence of colorectal cancer
Ref.

Year of publication

IBD diagnosis

Format of study

Cancer risk

2004
2006
2011

UC with CRC (n = 68)
UC with CRC (n = 188)
UC (n = 113)
CD (n = 58)
IC (n = 2)

Case-control study 1:2, documentation of PP
Case-control study 1:1, history of PP
Case-control study 1:2

OR = 2.29; 95%CI: 1.28-4.11
OR = 2.5; 95%CI: 1.4-4.6
RR = 1.92; 95%CI: 1.28 -2.88

Rutter et al[44]
Velayos et al[43]
Baars et al[57]

CD: Crohn's disease; CRC: Colorectal cancer; IBD: Inflammatory bowel disease; IC: Intermediate colitis; OR: Odds ratio; PP: Pseudopolyp; RR: Relative risk;
UC: Ulcerative colitis.

Table 3 Characteristics for differential diagnosis between pseudopolyps, adenoma-like DALM and non-adenoma-like DALM
Pseudopolyps
Number
Location
Endoscopic appearance
Management

Adenoma-like DALM

Non-adenoma-like DALM

Often multiple
Can be multiple, usually solitary
Usually solitary
Located in area inside colitis
Located in area inside and outside colitis
Located in area inside colitis
Smooth surface, can have exudate,
Well circumscribed, definite borders,
Not amenable to endoscopic removal, irregular
definite borders, pale surface
smooth surface sessile or pedunculated
borders, often ulcerated or necrotic material
No necessity for removal or
Endoscopic removal and endoscopic
Proctocolectomy when HDG in lesion or
biopsies except doubt
surveillance if dysplasia not recognized in
multifocal LGD in area of colitis
adjacent mucosa or in other area of colitis

DALM: Dysplasia-associated lesion or mass; HGD: High-grade dysplasia; LGD: Low-grade dysplasia.

parameters-C-reactive protein, C4 and procollagen Ⅲ
peptide-accompany formation of PP in UC, calculating
the positive predictive value and accuracy to be as
high as 90% and 93%, respectively. The existence of
PP has also been linked with the occurrence of extra[10]
intestinal symptoms, specifically arthropathy . Their
presence in general, however, does not characterize
any specific phase of IBD, as they can be found in both
active and quiescent disease states, with the exception
of the first form (i.e., the mucosal remnants) which
[53]
are only found in active IBD .

sidered an extremely rare event, with only two reports
[11,58]
of GPP harboring carcinoma or dysplasia features
.
[59]
Another case report from Klarskov et al
presented
a carcinoma in rectum stump that had arose from
serrated adenoma with a filiform form. The authors
speculated that the serrated adenoma had derived
from transformation of preexisting PP. A possible
[60]
mechanism has been implicated by Jawad et al , who
reported that PP can be the source of premalignant
mutations, following their analysis of DNA taken from
30 PP samples and which showed four identifiable
mutations. However, more studies are needed to
confirm the doubt in their benign nature.
A possible explanation about the relationship
between PP and increased risk of CRC lies in the facts
that they are considered markers of episodes of previous severe inflammation and that their incidence of
[17]
appearance rises with the increased extent of colitis ,
which is in turn linked to CRC. Another possible
explanation is that their presence, especially if they
are numerous, can obscure the capability of finding
[43]
dysplastic lesions in endoscopic surveillance
(Figure
1G).

PP AND RISK FOR COLORECTAL
CANCER
Patients with PP are considered to be at intermediate
risk for colorectal cancer (CRC). United Kingdom
guidelines suggest surveillance colonoscopy be per[54]
formed at a 3-year interval , European Crohn’s and
Colitis Organization guidelines suggest colonoscopy
[55]
at 2- or 3-year intervals
and the American Society
for Gastrointestinal Endoscopy suggests between 1[56]
and 3-year intervals . Three studies, performed by
[44]
[43]
[57]
Rutter et al , Velayos et al and Baars et al , have
shown a near 2-fold increased risk of CRC in patients
with previous or present PP in endoscopy (Table 2). In
much older reports, there was a debate about the possibility of PP malignant transformation, with advocates
representing both sides. Among these, Goldgraber
[9]
et al reported a case series of several forms of PP
with some showing premalignant changes, but later
analysis proved these were benign lesions, regardless
[10,34]
of size
.
Nowadays, malignant transformation of PP is con-
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LONG-TERM MANAGEMENT
Questions remain about the optimal management
or follow-up strategies for PP, especially for cases
with multiple PP, because no large trials have been
published regarding these issues. A great matter of
concern involves distinguishing them from adenomalike DALM and non-adenoma-like DALM (Figure 1H).
The main characteristics and differences between these
entities are summarized in Table 3, and include fea-
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[61-64]

tures such as location and endoscopic appearance
.
Even though some diagnostic endoscopic criteria may
be used for recognizing PP, they are not completely
[65]
reliable . There can be good inter-observer agree[66]
ment for identifying PP during endoscopy in general ,
but when it comes to distinguishing PP from other
[63]
dysplastic lesions, the efficiency falls. Farraye et al
performed an internet-based study and found that
gastroenterologists with non-IBD-specialized expertise
had lower capability of distinguishing different forms of
lesions in IBD patients.
There is a general acceptance that if PP are adequately recognized using endoscopic criteria and do not
provoke any complications, no removal is considered
[63]
obligatory
(Figure 1I, J). However, it is considered
mandatory that the surface of any PP be surveyed
adequately during endoscopy. In older reports,
especially of cases with large PP, surgical intervention
was frequently performed for the removal, due to
confusion with CRC or villous adenoma and related to
the more common use of radiological approaches, such
[67]
as barium enema, for diagnosis and monitoring .
Nowadays, however, endoscopic surveillance is more
[51]
effective than surgical intervention .
Chromo-endoscopy might aid in differential diagnosis, since PPs (as non-neoplastic polyps) show Kudo’s
[68]
pattern classification of type Ⅱ . In another study
[69]
by Koinuma et al , magnifying endoscopy was demonstrated as a useful tool for distinguishing neoplastic
from non-neoplastic lesions, reducing the amount of
biopsies needed; however, the efficacy of this technique
for studying the underlying inflammatory process was
[65]
shown to be limited by the presence of multiple PPs .
In another study, 165 patients with long-standing UC
were divided and randomized for endoscopic surveillance by means of either conventional endoscopy (with
biopsies every 10 cm) or chromo-endoscopy (with 0.1%
methylene blue); there were two false-negative results
that were not identified by the chromo-endoscopy
procedure, for which non-targeted biopsies from colons
[70]
with multiple PP proved to contain dysplasia .
Nevertheless, in cases where there is either doubt
about the diagnosis of PP, suspicion of DALM or largesize PP, or presence of multiple PP wherein endoscopic
surveillance is compromised, multiple biopsies should
[56,71]
be obtained in repeated examinations
or proceeding the endoscopic or surgical removal, with surround[72]
ing tissue examination by biopsy as well .
In the same context, the discovery of PP in a
patient with IBD, without evidence of suspicious
lesions in endoscopy and in which the presence of PP
does not obstruct adequate endoscopic surveillance
of the mucosa, should not urge gastroenterologists
towards more intense endoscopic follow-up. Neither
should it discourage them from the use of chromoendoscopy for surveillance in any manner other than
those proposed in the various guidelines (with an
approximate 3-year interval), and certainly not in a

WJG|www.wjgnet.com

different way than would be performed in patients
[54-56]
without PPs
. As mentioned before, CRC derived
from PP is a rare event and occurrence of PP has not
[30]
been linked with early CRC . Therefore, screening for
CRC in all patients with PP is not recommended before
[54-56]
8-10 years after onset of symptoms
.

COMPLICATIONS
In rare instances, PP can provoke serious complications, and physicians should be aware of these. Many
reports have appeared regarding this issue for cases
[7]
of GPP. Maggs et al reviewed 78 patients with GPP,
among which 15% were complicated with obstruction
and sub-obstruction and 3% with intussusception of
mechanical etiology due to the large size. In patients
with CD, obstruction can occur in the small intestine
with PP. In addition, GPPs can produce symptoms similar to IBD, such as bloating, diarrhea and abdominal
pain. In that same review, from among the total of 25
patients with inactive disease, 11 had symptoms that
regressed after removal of the GPP. Yet, it is important
to emphasize that, even in cases of PP, the onset or
persistence of symptoms cannot always be attributed
to flare or activity of IBD.
There are reports of patients with generalized
PP suffering from protein-losing enteropathy and
pulmonary embolism, with the possible mechanism
being extreme gastrointestinal losses due to the
[73]
extensive inflamed surface area ; other complica[74]
[75]
tions include bleeding , iron deficiency anemia and
[76]
dysphagia .

TREATMENT
Treatment can be categorized as medical, endoscopic
and surgical. Most reports dealing with complications
have presented the use of interventional methods,
but the majority of these are case reports. Medical
treatment has been used for PP and shown to induce
[71]
regression. Choi et al
reported regression of GPP in
patients with IBD upon administration of mesalazine
and azathioprine. Infliximab has also been shown to
[77]
induce regression of PP in CD . Topical enema with
budenoside use was also reported to induce remission
[78]
and control of minor bleeding of PP in sigmoid colon .
Endoscopic procedures such as argon plasma
[79]
[80]
coagulation , endoscopic loop polypectomy , and
ablation with yttrium aluminium garnet (commonly
referred to as YAG) laser have been reported for
[81]
control of bleeding provoked by ulcerated PP .
Endoscopic resection with electrocautery is another
effective means reported for removing either symptomatic PPs or PPs of which their benign nature was
not able to be established only with endoscopic criteria
[82]
and which need further histological evaluation .
Surgical methods are used when endoscopic
therapy fails to manage complicated PP, for example
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with the additional aim of changing the natural history of IBD.
A key question that remains is: Is the presence
of PP a marker of more aggressive IBD with more
flares? Theoretically, the answer is positive, accepting the fact that PPs are a result of severe attack.
However, that answer leaves open the next question
as to whether these patients are indeed suffering
from more flares. In addition, it remains unknown
whether the newer biological agents and intensified
medical therapy, which potentially reduce PP formation, correspond to a decline in CRC risk. We believe
that in order to facilitate the management of patients
with PP and promote future research on this clinical
topic, better documentation of characteristics of pseudopolyps in patients with PP is needed. To this end,
Table 4 summarizes the information on descriptions
of the characteristics of PPs, which we recommend
should be documented when a patient with PPs is
encountered.

Table 4 Summary of characteristics of pseudopolyps and
other polypoid lesions in inflammatory bowel disease
Pseudopolyps and polypoid
manifestation
Location

Size
Number
Pattern of distribution
Years since disease onset

Bowel background mucosa
Endoscopic appearance

Histology

IBD type

Follow-up

Characterization
Upper gastrointestinal tract
Small bowel
Large bowel
Both small and large intestine
Special location (pouch)
< 1.5 cm
> 1.5 (giant)
< 10
> 10 multiple
Congested
Scarce
< 1 yr
1-5 yr
> 5 yr
Relapsed
Remission
Obstructing
Bridging (mural bridging lesions)
Penduculated
Filiform (digitiform or fingerlike)
Flat
Mixed type (> 2 types of previous
categories)
Long, glistering, with or without
exudate
Resectable or not
Definite borders, not stricturing
Inflammatory
Adenomatous
Dysplastic low-grade (DALM)
Dysplastic high-grade (DALM)
Serrated
Ulcerative colitis
Crohn's disease
Indeterminate colitis
Reduction in number
Reduction in size
Increase in number
Increase in size

REFERENCES
1
2
3
4
5
6
7

DALM: Dysplasia-associated lesion or mass; IBD: Inflammatory bowel
disease.

8

in lower gastrointestinal bleeding or when obstructing
phenomena, such as luminal obliteration or intus[67]
susception, occur . The various surgical procedures
[83]
range from segmental dissection to hemicolectomy ,
depending on the cause. However, with the recent
advances in endoscopic treatment, the need for a
surgical approach has lessened over time.

9
10
11

CONCLUSION

12

We have reviewed the main aspects regarding PPs
and their pathogenesis, management and differentiation from DALM in IBD. Further research can focus on
prognostic factors related to their formation. Another
interesting subject for clarification is the relationship
and comparison between different medical treatments and the possibility of reducing PP prevalence
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Abstract
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Clostridium difficile (C. difficile ) is a spore-forming,

toxin-producing, gram-positive anaerobic bacterium that
is the principal etiologic agent of antibiotic-associated
diarrhea. Infection with C. difficile (CDI) is characterized
by diarrhea in clinical syndromes that vary from selflimited to mild or severe. Since its initial recognition
as the causative agent of pseudomembranous colitis,
C. difficile has spread around the world. CDI is one of
the most common healthcare-associated infections and
a significant cause of morbidity and mortality among
older adult hospitalized patients. Due to extensive
antibiotic usage, the number of CDIs has increased.
Diagnosis of CDI is often difficult and has a substantial
impact on the management of patients with the disease,
mainly with regards to antibiotic management. The
diagnosis of CDI is primarily based on the clinical signs
and symptoms and is only confirmed by laboratory
testing. Despite the high burden of CDI and the incre
asing interest in the disease, episodes of CDI are often
misdiagnosed. The reasons for misdiagnosis are the lack
of clinical suspicion or the use of inappropriate tests.
The proper diagnosis of CDI reduces transmission, prev
ents inadequate or unnecessary treatments, and assures
best antibiotic treatment. We review the options for the
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accumulation, and destruction of the intestinal epithe[5,8]
lium . C. difficile toxins also induce the release of proinflammatory cytokines from enterocytes, mast cells,
[9]
and macrophages . The genome of toxigenic strains of
C. difficle has a pathogenicity locus (PaLoc) of 19.6 kb
that contains the tcdA and tcdB genes. Other PaLoc
genes are tcdR and tcdC; the former encodes a positive regulator and the latter a negative regulator of the
expression of the A and B toxins. Yet another PaLoc
gene is tcdE, which encodes a holin-like protein that
[10]
may be involved in the secretion of toxins . Besides,
some strains produce the C. difficile binary toxin (CDT),
which is composed of an enzymatic component, CdtA,
and a binding component, CdtB. These components
are codified by cdtA and cdtB genes, which are located
in the CDT locus (CdtLoc). CDT may potentiate the
toxicity of TcdA and TcdB and lead to a more serious
illness and could, therefore, be considered another
[11,12]
virulence factor
.
The vast majority of diarrhea cases are not related
to a particular pathogen. From all the stool samples
submitted to the laboratory for testing of C. difficile
[13]
toxins, only 10% to 25% are positive ; most commonly in cases of antibiotic-associated diarrhea. Other
pathogens that may cause antibiotic-associated diarrhea are: Staphylococcus aureus, Clostridium perfrin[14]
gens, Salmonella species, and Klebsiella oxytoca .
The clinical suspicion of CDI is the presentation of
diarrhea after administration of antibiotics shortly
after the beginning of treatment and up to 8 wk after
[13]
treatment initiation . In mild to moderate disease,
diarrhea is the main symptom and passing of watery
stools with foul odor is characteristic. The presence of
hematochezia is rare. Moderate to severe disease is
usually accompanied by systemic symptoms such as
abdominal cramps, fever (up to 40 ℃), leukocytosis
3
(up to 50000 cells/mm ), and hypoalbuminemia (< 2.5
[13,15]
mg/dL)
. Colitis is characterized by fever, cramps,
leukocytosis, and the presence of leukocytes in feces.
Furthermore, a thickened colon wall is observed
with computed tomography and in half of the cases
[13]
pseudomembranes can be seen with endoscopy .
When pseudomembranes are found, a diagnostic
of CDI can be made, as antibiotic-associated diarrhea due to other pathogens tends to have normal
[16]
endoscopy findings . In severe cases, CDI may
progress to toxic megacolon with the risk of colon wall
[15]
perforation . The diagnosis of toxic megacolon is
accomplished through radiological evidence of colonic
dilatation, commonly involving the ascending or trans[17]
verse colon . According to the most commonly used
[18]
criteria for the diagnosis of toxic megacolon , three
of the following four criteria should be present: fever,
tachycardia, leukocytosis, and anemia. Additionally,
dehydration, electrolyte disturbance, and hypotension
or changes in mental status (any of the criteria must
[17-19]
be present)
.
Ever since C. difficile was recognized as the caus-

laboratory diagnosis of CDI within the settings of the
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Core tip: This work is a review of the strategies that
may be used for laboratory diagnosis of infection
with Clostridium difficile . First, we provide general
recommendations for testing of samples taking in
account the guidelines of the Society for Healthcare
Epidemiology of America/Infectious Diseases Society of
America and the American College of Gastroenterology.
We reviewed diverse methods of diagnosis including,
culture, toxigenic culture, cell cytotoxic neutralization
assay and the use of enzyme immuno assays. Finally,
we present an overview of singleplex and multiplex
nucleic acid amplification tests.
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INTRODUCTION
Clostridium difficile (C. difficile) is a Gram-positive
and strictly anaerobic bacterium that may exist in
a vegetative form that is very sensitive to oxygen.
During stress, C. difficile produces spores that enable
the microbe to survive harsh conditions for prolonged
periods of time and facilitate its dissemination in the
[1]
environment . Upon ingestion, the spores resist the
low pH of the stomach and reach the anaerobic environment of the gut. When the intestinal microbiote
is altered because of antibiotic treatment, especially
broad-spectrum antibiotics, the spores germinate.
Next, C. difficile develops into its vegetative form, pro[2]
liferates, and colonizes the gut . C. difficile infection
(CDI) is the principal cause of antibiotic-associated
diarrhea. Diarrhea because of CDI may be self-limited,
mild, or severe, and is one of the symptoms of a variety of clinical syndromes due to CDI. Complications of
CDI are pseudomembranous colitis, fulminant colitis,
[3]
and toxic megacolon .
CDI is an intestinal disease mediated by potent
cytotoxic enzymes that damage the intestinal
[4,5]
mucosa . These cytotoxic enzymes, toxin A (TcdA)
[6,7]
and toxin B (TcdB) , alter cytoskeletal actin, which
leads to diminished transepithelial resistance, fluid
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ative agent of pseudomembranous colitis, the number
of CDI cases has increased worldwide. Recently,
[20]
Lessa et al
estimated that the number of CDI in
the United States was 453000, from which 29000
died within 30 d after diagnosis. The healthcare costs
related to CDI were estimated to be $ 4.8 billion for
[20]
acute care facilities alone . Since the year 2000,
both the number and severity of CDI have increased
due to the emergence of a more virulent strain with a
[21]
higher antimicrobial resistance . After strain typing
by pulsed-field gel electrophoresis (PFGE), restriction
endonuclease analysis, and ribotyping, this strain
was denominated BI/North American PFGE type 1
[21]
(NAP1)/027 . So far, all BI/NAP1/027 isolates are
positive for binary toxin CDT and have an 18-base pair
deletion in tcdC that is associated with an increased
production of toxins A and B; a single base pair deletion at position 117 of tcdC has also been related to
[3]
higher toxin expression . Concerning antimicrobial
resistance, BI/NAP1/027 are resistant to fluoroquinolones, which provides a selective advantage to this
[21]
strain . This strain is disseminated worldwide; the
above is evidenced by reports from America, Europe,
[22]
Asia, and Oceania .
One of the key points when treating CDI is to
discontinue unnecessary therapy with antibiotics; thus
allowing the gut microbiota to recover. The Clinical
Practice Guidelines for C. difficile Infection in Adults of
the Society for Healthcare Epidemiology of America
(SHEA) and the Infectious Diseases Society of America
(IDSA), the Guidelines for Diagnosis, Treatment, and
Prevention of C. difficile Infections of the American
College of Gastroenterology (ACG) and the Guidance
Document for Clostridium difficile of the European
Society of Clinical Microbiology and Infectious Diseases
(ESCMID) recommend the use of metronidazole when
treating an initial episode of mild to moderate CDI.
The dosage is 500 mg orally, 3 times per day for 10 to
14 d. In case of severe initial CDI, vancomycin (125
mg orally, 4 times per day for 10 to 14 d) should be
[23-25]
administered
. A combination of oral vancomycin
(500 mg 4 times per day) and intravenous metronidazole (500 mg every 8 h) are indicated for the
treatment of severe, complicated CDI according to
[23,25]
the SHEA/IDSA and ESCMID guidelines
. On the
other hand, the ACG recommends a dosage of 125
mg of vancomycin. When treating a first episode of
recurrence, the regimen should be the same as an
initial case, according to the severity of the infection.
If there is a second episode of recurrence, a pulsed
regimen of vancomycin is recommended. Fidaxomicin
is narrow spectrum macrocyclic antibiotic, approved
by the American Food and Drug Administration (FDA),
that selectively eradicates C. difficile with a minimum
effect on the intestinal microbiota. The relapse rate of
[26-28]
fidaxomicin is lower than the one of vancomycin
.
Despite the high burden of CDI and the increased
interest in the disease, episodes of CDI are often
misdiagnosed. A study from Spain revealed that two
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out of three CDI cases were either undiagnosed or
[29]
misdiagnosed . The main explanation may be the
lack of clinical suspicion, particularly in community
cases with patients who do not meet the risk criteria
(age > 65 years or previous hospitalization). Besides,
[30]
an inadequate test may yield false-negative results .
Furthermore, the interpretation of laboratory data
is complicated, as the presence of C. difficile in stool
does not mean CDI; the other way round, the absence
of C. difficile toxins does not rule out the possibility of
CDI. To interpret laboratory results, the techniques
that were applied must be considered. A correct diagnosis of CDI is important because it has a substantial
impact on case managment, mainly with regards to
antibiotic regimens. The diagnosis of CDI is primarily
based on the clinical signs and symptoms and is only
[31]
confirmed by laboratory testing . Misdiagnosis has
two main consequences: first, patients may be undertreated or overtreated; second, the delay of proper
[32]
infection control allows for further dissemination .
The following is a review of the strategies that may
be used for laboratory diagnosis of CDI. To date, the
Clinical Practice Guidelines of the SHEA/IDSA provide
one of the most widely acceptable guidelines for the
[23]
diagnosis and clinical management of CDI cases .
Also, the Guidelines of the ACG focus on the recommendations for the diagnosis and management of
patients with CDI as well as for the prevention and
[24]
control of outbreaks . The above documents provide
useful recommendations on which this review is based.

GENERAL RECOMMENDATIONS
Recommended samples

Both the Clinical Practice Guidelines of the SHEA/IDSA
and the Guidelines of the ACG state that C. difficile
testing is recommended only for stool samples from
patients with diarrhea (Table 1), which is defined as
the evacuation of loose stools, three or more times in
[23,24]
24 h or less
. The ESCMID recommends testing
[25]
only stools of Bristol score 5 to 7 . The Bristol scale is
a graded visual scale, composed of seven grades which
range from stools with a form of separate hard lumps
[33]
(score 1) to watery stools (score 7) . To correlate the
Bristol scale with C. difficile detection, stool samples
with Bristol scale ≥ 5 were tested for C. difficile with
an enzyme immunoassay (EIA) for glutamate dehydrogenase (GDH) and toxins A/B followed by a molec
[34]
ular assay for indeterminate results . Detection of
C. difficile was more frequent in semiformed stools
(Bristol 5 or 6) than in watery stools (Bristol 7). Bristol
5 stool specimens accounted for the highest rate of
positive testing. Therefore, Bristol 5 stool specimens
should not be discarded. Further study is required
to verify whether specimen with lower Bristol scores
should be tested. There was no association between
the Bristol score and the rates of hospital-onset CDI,
[34]
severe CDI, and complications of CDI .
Commonly, perirectal swabs are not accepted for
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followed 42 infants found that 106/288 stool samples
[43]
(37%) were CDI positive . Most strains (71%) were
toxin producers. Interestingly, six infants evacuated
loose stools during the study, but only three of them
could be linked to C. difficile. Furthermore, carriage of
C. difficile was similar in infants suffering from loose
stools than children with normal stools.
A point to consider when testing specimens from
infants is the difficulty to differentiate a diarrheal stool
from a normal stool, since infant stool may not be fully
formed. When comparing infant cases (age ≤ 12 mo)
with CDI-positive diarrheal stool with cases with CDInegative diarrheal stool no differences in clinical symptoms were found. However, in both groups, alternative
[44]
causes of diarrhea were found . Rather than looking
for C. difficile, the authors suggested looking for other
causes, especially viral ones, of diarrhea in infants.

Table 1 General recommendations for Clostridium difficile
testing
Recommendation
C. difficile testing is recommended only for stool samples
from patients with diarrhea
The testing of asymptomatic patients is not recommended
Perirectal swabs are not accepted for C. difficile testing unless
the patient has developed ileus
Repeated testing of C. difficile does not improve detection
and does not change the result
Retesting, as a proof of cure, remains controversial

Ref.
[23,24]
[23]
[23,24]
[23,24]
[23,24]

C. difficile: Clostridium difficile.

C. difficile testing, except for selected cases, such
[23,24]
as patients with ileus
. Ileus is characterized by
a lack of bowel movements that causes a blockage
of the intestines. For patients with ileus, an accurate
[35]
sampling technique is the perirectal swab . Some
patients with CDI develop fever and abdominal pain
but not diarrhea. These patients may develop severe
complications, like fulminant colitis and intestinal
[36]
perforations .

Retesting of samples

Neither the Clinical Practice Guidelines of the SHEA/
IDSA nor the Guidelines of the ACG recommend
retesting (Table 1). This recommendation is especially
valid for molecular methods. Several studies have
demonstrated that repeated testing for C. difficile does
not improve detection nor change the result. Repeated
testing, particularly with molecular tests, only incre
ases healthcare costs and the probability of falsepositive results. After having implemented a new policy
that alerted physicians about the consequences and
disadvantages of a C. difficile PCR test within 7 d of
an initial test, a healthcare institute saw the requests
[45]
for CDI retesting reduced by 91% . Among the 135
retests that were performed, 122 were repeaters
after a negative initial test, and only 4 of them turned
positive upon repeating the test. Even lower positive
conversion rates (0.05%-1%) have been reported by
others after repeating PCR assays on 4213 samples
[46]
with negative results in a previous test . Thus, an
initial test with a negative test result does not justify
retesting unless there is a founded suspicion of a falsenegative result.
Retesting to monitor response to treatment also
remains controversial. Although a negative conversion rate of 67.6% 14 d after a positive Cepheid Xpert
[47]
C. difficile test has been reported , cases that were
clinically cured remained positive when testing for
[48]
toxins .

Patients to evaluate

The Clinical Practice Guidelines of the SHEA/IDSA
[23]
recommend no testing of asymptomatic patients
(Table 1) because asymptomatic colonization with a
toxigenic strain of C. difficile is common. But even
samples from patients with persistent diarrhea may
yield false-positive CDI results; for example, alternate
etiology was reported to be the cause of the symptoms in 25% of a cohort of 117 cases that had been
[37]
diagnosed with recurrent CDI . Particularly, highly
sensitive molecular assays may yield false-positive
results. Positive CDI tests for asymptomatic patients
are common. The carriage rates of toxigenic C. difficile
[38]
strains are similar between open populations (6.6%)
[39]
and hospitalized ones (8%) . Hospitalized populations tend to be at an increased risk of developing CDI
due to antibiotic treatment and prolonged exposure
[40]
because of long stays at healthcare facilities . The
environment and skin of asymptomatic carriers have
higher percentages of spores and represent a permanent source of contamination and spreading of spores
to other patients and setting surfaces. The continual
washing of hands of both personnel and patients is a
[41]
universal preventing measure .
The carriage rate of C. difficile is high among
infants (0 to 3 years of age). Among 85 healthy infants
at day nurseries, the carriage of C. difficile was 45%,
[42]
and the frequency of toxigenic strains was 13% .
One-year follow-up studies among newborns revealed
that 74% to 100% had CDI-positive stool, often in the
[42]
neonatal period
In a study that followed 10 infants,
81/111 samples (73%) were positive for C. difficile and
[42]
21 (26%) had toxigenic strains . Another study that

WJG|www.wjgnet.com

DIAGNOSTIC TESTS
Culture

A stool culture is essential to prepare isolates for
molecular typing, which is required for epidemiologic
studies. The SHEA/IDSA guidelines recommend
toxigenic culture (TC) as the standard to which other
methods should be compared. The first step is to
recover C. difficile spores. Stool samples are either
heated to 80 ℃ or mixed with an equal volume of
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absolute ethanol and incubated at room temperature.
This way vegetative cells and contaminating microbes
[49]
are eliminated while spores are recovered . Next,
the sample is inoculated into a differential and selective medium that allows the spores to germinate. A
well-known medium to recover C. difficile from stool
specimens is cycloserine-cefoxitin-fructose-agar
[50]
(CCFA) . Cycloserine and cefoxitin are present at
concentrations that inhibit the growth of most Gramnegative and Gram-positive bacteria, without affecting
the growth of C. difficile. Fructose is an important
nutrient and neutral red is added as a pH indicator.
A 48-h solid culture of C. difficile in CCFA presents
flat, grayish, and shiny colonies with spreading edges
and a typical horse manure smell. Under ultraviolet
light, the colonies appear yellow-green fluorescent.
Under the microscope, cells of C. difficile are Grampositive and possess subterminal to terminal spores.
Identification of C. difficile colonies may be based on
colony morphology, Gram staining, and odor; confirmation of species may be assessed trough biochemical systems for the identification of anaerobes.
To improve both the recovery and identification of
C. difficile cultures, the original CCFA formulation has
been modified. The addition of biliary salts, particularly
[51]
sodium taurocholate, promotes germination
and
the inclusion of egg yolk allows to verify lecithinase
[50,52]
and lipase activity of isolates
. Furthermore,
enrichment broths have been formulated to recover
small amounts of spores and allow them to germinate. When comparing two broths, a cycloserinecefoxitin fructose broth proved to be more sensitive
than a cycloserine-cefoxitin mannitol broth that had
been supplemented with taurocholate and lysozyme,
(CCMB-TAL), but CCMB-TAL yielded better recovery
[49]
rates when cultures were semi-quantified .
Furthermore, chromogenic media have been developed. For example, C. difficile grown on ChromID C.
difficile agar (bioMérieux, France) yields black colonies
[53]
that often can be observed after 24 h of incubation .
However, lengthening the incubation from 24 to 48
h increased the sensitivity significantly from 53% to
[54]
100% (P < 0.001) . ChromID C. difficile agar yields
a higher 24-h recovery (sensitivity, 92%) than CCFA
[55]
(sensitivity, 22%) . Likewise, ChromID C. difficile
agar, which had a sensitivity of 100% and a recovery
of 94%, outperformed CCFA supplemented with
sodium taurocholate, which had a sensitivity of 87%
[56]
and a recovery of 82% . Yet another study confirmed
that ChromID C. difficile agar performs best when
compared to CCFA, cycloserine-cefoxitin-egg-yolk agar
[49]
and tryptone soy agar with sheep blood .

cell lines. The grown isolates are re-cultured in broth,
and the supernatant is filtered and added to a cell line
culture. The cytopathic effect (CPE) is evaluated and
neutralized by antitoxin. This procedure may take a
few days to accomplish, which makes it an impractical
[57]
option for routine diagnosis . Alternatively, testing of
[58,59]
toxin production may be performed using an EIA
.
The main concern about TC is the possibility of
recovering non-toxigenic strains (strains that are
not capable of produce toxins A and/or B). Another
possibility is, though recovering a toxigenic strain, it
may not be producing toxins, thus not causing clinical
symptoms. When evaluating the clinical significance
of TC and the citotoxicity assay on 169 samples that
met CDI criteria, it was found that cases positive for
both assays were more severe than cases that were
positive for TC only. On the other hand, if only the
cytotoxicity assay had been performed, one-third of
[60]
the cases would have been missed . The latter is an
argument in favor of TC for CDI diagnosis.

Cell Cytotoxic Neutralization Assay

The Cell Cytotoxic Neutralization Assay (CCNA) has
been considered the gold standard for the diagnosis
of CDI. In this assay, the filtrate of a recently obtained
stool sample is inoculated onto various sensitive
cell lines to evaluate the CPE of C. difficile toxins,
[57]
particularly TcdB . CPE is observed as cell rounding;
some strains may induce protrusions in the cell lines,
[61,62]
a phenomenon known as “sordellii-like” CPE
. If
the CPE can be reversed by an antitoxin, the test is
[57]
positive for the C. difficile toxin . The assay must be
performed in fresh stools, since sample freezing or a
delay in its processing may result in loss of activity of
[63]
toxins and false negative test results .
Diverse cell lines have been used for the detection of toxins: African green monkey kidney, McCoy,
MRC-5, primary rhesus monkey kidney, and Vero
cells. Among these cell lines, Vero cells and McCoy
cells were a 100% concordant with respect to the
[64]
detection of toxins . When maintaining a cell line is
impossible or non-desirable, there are cost-effective
commercial assays available. A CCNA executed with
Hs27 HFF ReadyCells is not only easy-to-use but also
outperforms the EIA and TC in both sensitivity and
specificity; 90.8% vs 78.6% in sensitivity and 98.3%
[65]
vs 97.8% in specificity, respectively .

Glutamate dehydrogenase assay

C. difficile produces and secretes GDH; this enzyme
allows the bacterium to manage oxidative stress
derived from the immune response by inactivating
hydrogen peroxide through the production of
[66]
α-ketoglutarate . Although GDH screening of stool
specimens for the diagnosis of CDI diagnosis is com[67]
mon , its value is limited to being a preliminary test,
since both toxigenic and non-toxigenic strains produce
[68]
GDH . GDH is highly conserved among C. difficile

Toxigenic culture

TC is a two-step reference method for the diagnosis
of CDI. In step one, C. difficile strains are isolated
and grown on a selective medium, and in step two,
colonies are tested for toxin production on a variety of
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strains; no differences in reactivity were found among
168 C. difficile isolates belonging to 77 different ribotypes using three different assays carried out by two
[68]
different groups . As the GDH assay may be positive
for C. difficile strains that do not produce toxins, a
positive GDH assay needs a confirmatory test (CCNA,
[23,35,67]
EIA, a molecular test, or TC)
.
GDH has been incorporated, as an initial test, into
multistep algorithms (ACG guidelines). Recently, there
has been a tendency towards a two-step algorithm,
where in the absence of detection of toxin by EIA,
clinical evaluation should also be applied to determine
true CDI or colonization. This has recently been recom
[69]
mended by ESCMID .
The C. Diff Quik Chek Complete assay is a rapid
membrane EIA that combines the detection of both
[70]
GDH and the toxins A and B . With TC as a reference, the C. Diff Quik Chek Complete had a sensitivity
[70]
of 63.6% and a specificity of 98% . Both assays
proved to be highly sensitive (range: 97.6% to 100%)
and accurate (88% true positive or true negative).
Discrepant results were resolved with the Xpert C. diff
[71]
assay . The algorithm allowed to rule out C. difficile
without additional tests when GDH is negative and to
confirm CDI when both GDH and toxin A/B results are
positive. Another GDH test, the automated Vidas C.
difficile GDH assay (bioMérieux, Marcy l’Etoile, France),
has a 95% agreement with the C. Diff Quik Chek assay
[72]
(Quik Chek-60, Techlab, United States) . In case of
discrepant results, molecular tests are recommended
by various authors, because CCNA and TC are expen[35,73]
sive and time-consuming
. A two-step algorithm
(step 1, GDH and toxin detection by EIA; step 2, loopmediated isothermal amplification) yielded a sensitivity
of 81%, a specificity and positive predictive value (PPV)
of 100%, and a negative predictive value (NPV) of
[74]
96% . Even though the sensitivity was lower than
in other studies, the PPVs and NPVs supported the
practice of reporting the specimen as positive without
further testing. A more complex algorithm increased
the CDI detection rate from 8% to 19%; initial positive GDH testing (VIDAS C. difficile; bioMérieux) was
confirmed by toxin testing (VIDAS C. difficile Toxin
A&B; bioMérieux). In case a toxin EIA did not confirm a
positive GDH, additional tests [nucleic acid amplification
test (NAAT), CCNA, or TC] were executed on positive
GDH samples. A positive confirmatory test is consid[75]
ered CDI-positive sample .
Apart from providing improved diagnostic performance, multistep algorithms are the most cost effective
for various reasons: (1) because they avoid unneces[76]
sary or inadequate treatment and its consequences ;
and (2) an initial screening with a cheap GDH test
allows rapid identification of negative samples, limiting
the use of more expensive NAAT tests to only those
[77]
samples that were positive for GDH .

the detection of toxins with a specific EIA. Several
EIA-based kits are commercially available in different
formats, such as: lateral flow immunoassay, also
known as immunochromatography or strip tests; and
[15]
solid-phase assays, for example micro-wells . EIAbased confirmation of CDI is practical, fast, and cheap,
but it is also one of the least consistent methods (sensitivity range: 63% to 94%, specificity range: 75% to
[23]
100%) . According to the SHEA and IDSA guidelines,
toxin detection by EIA is less sensitive than detection
by CCNA; thus, EIA should not be used alone for the
[23]
diagnosis of CDI to avoid a false-negative result . A
two-step or three-step algorithm that combines GDH
[23,24]
screening with EIA improves CDI diagnosis
.
The inconsistent sensitivity of EIAs may be due to
several factors, such as: antigenic variation among
the toxins of different circulating strains, inadequate
storage and transportation of samples, freeze-thaw
cycles, and inter-laboratory technical variance, among
[15]
others . Some of the early developed EIAs accounted
only for the detection of toxin A; however, there are
[78-80]
reports of strains that do not produce toxin A
.
Also, some assays detect both toxins A and B plus the
[81]
detection of GDH .
Using TC and CCNA as reference, six commercially
available EIAs and three lateral-flow assays for the
detection of C. difficile toxins A and B have been compared. The sensitivities ranged from 60% to 81.6%,
whereas the specificities ranged from 91.4% to 99.4%.
PPVs and NPVs were diverse and depended on whether
the samples originated from a low-prevalence environment (community) or a high-prevalence environment
(hospital setting). Though PPVs were low for both
settings, the PPV was higher in the high-prevalence
setting, independent from the gold standard chosen as
a reference. NPVs were high for both settings (above
[82]
95%), regardless of the reference chosen . In a
two-step algorithm, the initial screening with GDH
detection (C.Diff Chek-60, TechLab/Wampole) yielded
a sensitivity of 93.4% and a specificity of 96.6%
(reference assay: TC). Next, only positive specimens
were confirmed with a rapid toxin A/B assay (Tox A/B
Quik Chek, TechLab/Wampole, Blacksburg, VA), which
yielded a specificity and a PPV of 97.1% and 96.5%,
respectively. Compared to TC, the sensitivity of the
[83]
EIA-based toxin assay was low (52.9%) .

Nucleic acid amplification tests

Nowadays, many infections are diagnosed via mole
cular tests. The new generation of NAATs amplify and
detect pathogen-specific DNA or RNA sequences.
Advantages of NAATs include high sensitivity, high
specificity, and speed. Because no viable cells are
needed, sampling, handling, transportation, and storage aspects are simplified. Furthermore, no culture
is required. The role of NAAT in the diagnosis process
[84]
for CDI may be supportive , part of a two or threestep algorithm according to ESCMID guidelines (Figure
[23]
1) , or as a stand-alone test in cases of documented

Detection of toxins by enzyme immunoassays

One of the first strategies for the diagnosis of CDI was
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Initial screening by GDH or NAAT

Positive

Negative

Detection of toxins
by EIA

Positive

Report sample as
negative

Negative

Use TC or NAAT as
confirmatory test

Report sample as
positive

Positive

Negative

Report sample as
positive

Report sample as
negative

Figure 1 Multistep algorithm for the laboratory diagnosis of Clostridium difficile infection based on the European Society of Clinical Microbiology and
Infectious Diseases guidance document. GDH: Glutamate dehydrogenase; EIA: Enzyme immunoassay; NAAT: Nucleic acid amplification test; TC: Toxigenic
culture.

Table 2 Sensitivity and specificity of nucleic acid amplification test assays for the detection of Clostridium difficile
Assay
Cepheid Xpert C. difficile
IMDx C. difficile for Abbott m2000 Assay
BD Max Cdiff Assay
Portrait Toxigenic C. difficile Assay
Quidel Lyra Direct C. difficile Assay
Verigene C. difficile nucleic acid test
Simplexa C. difficile Universal Direct real time PCR
AmpliVue C. difficile assay
Illumigene C. difficile assay
BD GeneOhm Cdiff assay
ProGastro Cd assay

Sensitivity

Specificity

Ref.

90%-100%
62.1%-92.8%
81.6%-96.9%
98.2%
82.1%-85.7%
95.2%-98.7%
87%-98%
91%-96%
93.3%-100%
89.6%-97.4%
77.93%-100%

92.9%-98.6%
99.4%-100%
95%-95.8%
92.8%
96.9%-98.3%
87.5%-99.4%
100%
89%-100%
95.1%-100%
96.7%-98.5%
93.4%-99.2%

[87,89,91]
[92,93]
[92,93]
[95]
[96]
[97,128]
[99,128]
[99,100]
[95,101]
[95,103]
[103,104]

C. difficile: Clostridium difficile.

[24]

diarrhea .
Despite the evident advantages, important issues
to be considered before introducing CDI NAATs in the
clinical laboratory are: the requirement of trained personnel and higher costs, and the probability of falsepositive results because of the high sensitivity of the
test and the detection of strains that do not produce
toxins. Especially in stool samples from diarrhea cases
due to other pathogens, false-positive results may
not be recognized as such because of concomitant
asymptomatic C. difficile carriage. Stool samples that
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were positive for both NAAT and toxin test had more
bacteria and toxins than stool samples that were only
[85]
NAAT positive . The latter is an argument against the
use of NAAT as a stand-alone test.
Single-plex NAATs: The FDA of the United States of
America has cleared a set of commercially available
single-plex NAATs. Table 2 summarizes the sensitivities
and specificities of these tests, which often is over
90% or even close to 100%; these values depend on
the test that was used as a reference test, which was
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often TC.

other molecular assays were compared to TC, IMDx
had the lowest sensitivity (62.1%) and the highest
[93]
specificity (99.4%) .

®

Cepheid Xpert C. difficile and Xpert C. difficile/
®
Epi: The Cepheid Xpert C. difficile (Sunnyvale, CA)
is a real-time PCR assay that detects the tcdB gene
and thus allows CDI diagnosis, but without strain
[86]
specification . The multiplex RT-PCR assay Xpert
C. difficile/Epi not only detects the tcdB gene but also
the binary toxin genes (cdtA and cdtB), and a singlenucleotide deletion of the tcdC. Therefore, the Xpert
[87]
C. difficile/Epi identifies ribotype 027 . Furthermore,
Xpert C. difficile/Epi detects ribotype 033, a strain of
veterinary importance that has been reported in cattle, veal calves, piglets, horses, and soil from various
[88]
geographical locations worldwide . The binary toxins
of ribotype 033 were correctly amplified in all isolates
(n = 52) included in a study. However, since ribotype
033 lacks the tcdA and tcdB genes, the GeneXpert
Dx system reports that the sample is negative for
CDI, and it is necessary to access the raw data in the
[88]
instrument to obtain the amplification information .
Using TC as a reference, the sensitivity of the Cepheid
Xpert C. difficile/Epi assay was 90%; its specificity,
[89]
92.9%; its PPV 71.4%; and its NPV 97.9% .
The introduction of the Cepheid Xpert C. difficile
assay in a tertiary hospital significantly increased the
rate of detection of toxigenic C. difficile from 4.7%
to 9.9%. The increase was mainly due to cases that
yielded indeterminate results with the C. Diff Quik
Chek, but were positive with the Xpert C. difficile
[90]
assay .
When the performance of the Xpert C. difficile Epi
assay as a confirmatory test was compared to TC in a
two-step algorithm with a GDH assay as a first step,
there was a moderate agreement (kappa score 0.48)
of 72.6%. The GDH-TC algorithm had a sensitivity of
57% and specificity of 97%, whereas the sensitivity of
the GDH-Xpert algorithm was 100% and its specificity
97%. Furthermore, 42 out of 45 stool samples that
were ribotype 027 positive were confirmed by PCRribotyping and sequencing, indicating a good epidemic
[91]
value of the assay .

BD Max Cdiff assay: The BD Max Cdiff assay detects
and amplifies the tcdB gene in a real-time PCR assay
performed on the BD Max System (BD Diagnostics,
Sparks, MD). After the addition of the sample, this
hands-free platform combines DNA extraction and
amplification. To extract genetic material a 10-µL loop
is immersed in the specimen; next, the loop content is
dispersed in BD Max Sample Buffer. The DNA extraction utilizes magnetic beads, which are eluted before a
lyophilized amplification mix is added. The results are
[92]
reported only as positive or negative for C. difficile .
Compared to the GeneOhm Cdiff Assay, BD Max
Cdiff Assay had a sensitivity of 96.9% and a specific[92]
ity of 95% . In the same study, ribotyping was
assessed, but there were no significant differences
between the sensitivities and specificities of different
[94]
ribotypes . When the BD Max Cdiff Assay and 2 other
molecular assays were compared to TC, the BD Max
Cdiff Assay had a sensitivity of 81.6% and a specificity
[93]
of 95.8% .
Portrait Toxigenic C. difficile assay: The Portrait
Toxigenic C. difficile assay (Great Basin, West Valley
City, UT) amplifies a 78-nucleotide fragment of the
tcdB gene. The assay uses isothermal helicasedependent amplification, followed by detection with
an immobilized capture probe on a sliding array. Each
reaction mixture contains three controls: a sample processing control, a hybridization control, and a detection
control. Results for the specimen are reported only
[95]
when the detection criteria for all controls are met .
A multicenter evaluation that included 49 stool
specimens from 4 clinical sites compared the Portrait
Toxigenic C. difficile Assay to TC on the same specimens. The sensitivity ranged from 92.9% to 100%,
with an overall sensitivity of 98.2%. The specificity
ranged from 88.9% to 96.9%, with an overall speci
[95]
ficity of 92.8% . When comparing Portrait Toxigenic
C. difficile Assay results with those from other FDAcleared tests, the concordance were as follows: 97.5%
with Xpert C. difficile, 96.4% with GeneOhm Cdiff, and
[95]
93.8% with Illumigene C. difficile .

IMDx C. difficile for Abbott m2000 assay: The
IMDx C. difficile for Abbott m2000 assay (IMDx) is a
real-time PCR that detects not only C. difficile tcdA and
tcdB genes, but also the rare variant strains rare toxin
+ A B and toxin B variant (tcdBv) gene, which occurs in
- +
A B strains. Lysis of the sample, target amplification,
and detection are performed in the m2000 RealTime
[92]
System (Abbott Laboratories, Abbott Park, IL) .
In a prospective analysis of 111 stool specimens
and a retrospective analysis of 88 stool samples, in
which the IMDx was compared to another FDA-cleared
NAAT (the GeneOhm Cdiff Assay), the sensitivity was
strain dependent: 100% for NAP1 strains and 90.3%
for non-NAP1 strain with a limit of detection of 2250
[92]
colony-forming units . However, when IMDx and 2
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Quidel Lyra Direct C. difficile assay: The Quidel
Lyra Direct C. difficile assay (Quidel, San Diego, CA)
uses qualitative real-time PCR technology. Specimens
are tested in a standard TaqMan real-time PCR assay
utilizing primers/probes that detect but do not distinguish the tcdA and tcdB genes. The Lyra assay may be
performed on any of three open-platform, real-time
thermocyclers: SmartCycler II (Cepheid, Sunnyvale,
CA), ABI 7500 Fast DX (Applied Biosystems, Carlsbad,
CA), and ABI QuantStudio DX (Applied Biosystems,
Carlsbad, CA). The Lyra assay has a running time
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[96]

of about 3 h . Depending on the platform used,
the sensitivity and specificity may differ; the ABI
7500 instrument is the most sensitive and the ABI
QuantStudio DX is the most specific. The overall
sensitivity is 85.7% and the overall specificity is 98.3%
[96]
when compared to toxigenic culture .

The total time of analysis is 68 min and the maximum
[99]
number of samples per run is 10 . When compared
to TC, the sensitivity and specificity of the Illumigene
[101]
assay were 100% .
BD GeneOhm Cdiff assay: The BD GeneOhm Cdiff
assay (BD Diagnostics, San Diego, CA) amplifies the
tcdB gene from stool samples with C. difficile, which is
detected and analyzed with a SmartCycler instrument
[102]
(Cepheid, Sunnyvale, CA) . The performance of the
BD GeneOhm Cdiff PCR assay has been compared
to the Tox A/B II ELISA and a two-step method
composed of the C. Diff Chek-60 GDH antigen assay
followed by cytotoxin neutralization on 105 true positive samples. The detection rate was 66.7% for the
Tox A/B II ELISA assay, 82.9% for the 2-step method,
and 91.4% for the BD GeneOhm Cdiff PCR assay. The
overall concordance between the BD GeneOhm Cdiff
PCR assay and the Tox A/B II ELISA was 91.3%, while
the concordance between the BD GeneOhm Cdiff and
the two-step method was 93%. The BD GeneOhm
Cdiff PCR and the two-step algorithm had similar
performance but were more sensitive than Tox A/B II.
Compared to the two-step algorithm, BD GeneOhm
Cdiff PCR is faster but almost five times more expensive; BD GeneOhm Cdiff PCR is also six times more
[102]
expensive than the Tox A/B assay . When compared
to TC, BD GeneOhm Cdiff PCR has a sensitivity of
[103]
89.6% and a specificity of 96.7% .

Verigene C. difficile nucleic acid test: The Verigene
C. difficile nucleic acid test is a multiplex qualitative
assay that amplifies DNA by PCR in a nanoparticlebased microarray that targets the tcdA and tcdB
genes and differentiates the hypervirulent strain 027/
NAP1/BI via the binary toxin genes and the base
pair deletion at position 117 in the regulator tcdC
[97]
gene . The Verigene system contains two modules: the Verigene Processor SP performs nucleic
acid extraction, PCR amplification, and hybridization
of amplicons; The Verigene Reader scans the test
cartridge, realizes the optical analysis, and generates
[97]
the results .
When compared to TC, the Verigene assay has
[97]
sensitivity of 98.7% and a specificity of 87.5% . With
regard to strain typing, the assay assigns correctly
89.7% of hypervirulent strains compared with riboty
[97]
ping . When compared to fecal culture as a reference
method, the Verigene C. difficile nucleic acid test was
sensitive (96.7%), specific (97.4%), and accurate
[98]
(97.1%) .
Simplexa C. difficile Universal Direct real-time
PCR: This assay uses fluorescent bifunctional probesprimers to amplify a tcdB fragment. Samples in TrisEDTA buffer are heat-treated; the lysate is used
directly to perform the test. The system can accommodate a maximum of 94 samples and has an assay time
of 91 min. When compared to another FDA-cleared
assay, the Meridian Illumigene Asssay, the Simplexa
C. difficile Assay had a sensitivity of 98% and a
specificity of 100%; the concordance between the two
[99]
systems was 98.7% .

ProGastro Cd assay: ProGastro Cd assay (Prodesse,
Waukesha, WI) is a Taqman real-time PCR assay that
detects the tcdB gene. Amplification is performed on
the Cepheid SmartCycler II (Sunnyvale, CA). Stool
samples are processed to obtain genetic material using
the NucliSENS easy MAG platform (bioMérieux, Inc.,
[104]
Durham, NC) .
There was a 95.7% agreement between TC and
the ProGastro Cd assay. When comparted to TC, the
ProGastro Cd assay had a sensitivity that ranged from
77.3% to 100% and a specificity between 99.2% and
[103,104]
93.4%
. A two-step algorithm, with the GDHbased C. Diff Quik Chek Complete as step 1 and the
ProGastro Cd assay as step 2, yielded an estimated
sensitivity of 97.9% and a specificity of 95.4%.

AmpliVue C. difficile assay: The AmpliVue C. difficile
assay uses helicase-dependent, isothermal amplification of a highly conserved 83-bp fragment of the
tcdA gene. The assay includes a disposable detection
device that allows for visual evaluation of amplification
results. The AmpliVue system can perform a maximum
of 24 assays, and has a total running time of 73 min.
The AmpliVue assay had a sensitivity of 96% and
specificity of 100% when compared to the FDA-cleared
[99]
assay Meridian Illumigene Assay . Compared to TC,
the sensitivity and specificity were 91% and 89%,
[100]
respectively .

Multiplex platforms: There are two types of multiplex platforms: the first type includes the so-called
“syndromic” platforms, i.e., a platform to detect
pathogens associated with a particular symptom. In
this case, a variety of syndromic platforms test for
the main causative agents of diarrhea, independently
of the kind of microorganism (bacteria, viruses or
protozoa). The second type are pathogen class specific
[105]
multiplex molecular assays .
Currently, there are two FDA-cleared syndromic
multiplex assays that include the dectection of C.
difficile: Luminex xTAG GPP (Luminex Molecular

Illumigene C. difficile assay: The Illumigene C. difficile assay uses loop-mediated isothermal DNA amplification technology to target a partial DNA conserved
region of tcdA common to A+B+ and A-B- strains.
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Table 3 Summary of non Food and Drug Administration-approved multiplex assays that detect Clostridium difficile
Assay

Company

Gastrofinder Smart 17 Fast
EasyScreen Enteric assays
RIDA®GENE
FTD® Bacterial Gastroenteritis
CLART EnteroBac panel
Faecal Bacteria
Seeplex Diarrhea ACE

PathoFinder
Genetic Signature
R-BioPharma AG
Fast-Track Diagnostics
Genomica
AusDiagnostics
Seegene

Pathogens detected

Ref.
[129]
[130]
[131]
[132]
[133]
[134]
[135]

FilmArray GI panel: The FilmArray uses nested
multiplex PCR that is executed in two stages. First, the
FilmArray performs a reverse transcription PCR. Next
the diluted products are combined with a fluorescent
double-stranded DNA-binding dye. This solution is aliquoted into an array with wells that contain primers to
amplify internal sequences of the first product, so that
in each well an individually nested PCR is performed.
[106,110]
Results are obtained after fluorescence analysis
.
The assay detects Campylobacter (C. jejuni, C. coli
and C. upsaliensis), C. difficile, Plesiomonas shigelloides, Salmonella, Y. enterocolitica, Vibrio (V. parahaemolyticus, V. vulnificus, and V.cholerae), E. coli O157,
Enteroaggregative E. coli, Enteropathogenic E. coli,
ETEC, STEC, Shigella/Enteroinvasive E. coli, Adenovirus
F 40/41, Astrovirus, Norovirus GI/GII, Rotavirus
A, Sapovirus (Ⅰ, Ⅱ, Ⅳ, and Ⅴ), Cryptosporidium,
Cyclospora cayetanensis, E. histolytica and G. lamblia.
For the identification of C. difficile, the FilmArray GI
[111]
Panel targets both tcdA and tcdB .
In a study that evaluated the BioFire FilmArray GI
Panel, C. difficile was the most frequently detected
pathogen (83 out of 378 samples, 22%). The sensi
tivity of the BioFire FilmArray Gastrointestinal Panel
to detect C. difficile was 95% and the specificity 99%
using the Illumigene as a reference. In 91 episodes
for which specific testing for C. difficile was ordered,
42 episodes (46%) were C. difficile positive according
to standard testing and 40 (44%) according to the
[112]
FilmArray GI Panel in 40 (44%) .
In a multicenter evaluation, the BioFire FilmArray
GI Panel detected C. difficile in 204 out of 832 positive
samples, contrary to 165 positive samples detected by
the comparator (PCR of toxin A and B genes), resulting
in a positive percent agreement of 98.8% and nega[111]
tive percent agreement of 97.1% .

Diagnostics Inc., Toronto, Canada) and BioFire
FilmArray GI Panel (BioFire Diagnostics, Salt Lake
[106]
City, UT) . In addition, there is a non-FDA cleared,
but “Conformité Européene” (CE) marked multiplex
assay, the Gastrofinder Smart 17 Fast (PathoFinder,
[105]
Maastricht, The Netherlands)
. There are six
additional commercially available platforms that include
C. difficile among their targets, but none of these
[105]
platforms are FDA cleared or CE marked .
Luminex xTAG pathogen panel: This assay simul
taneously detects Salmonella sp., Shigella sp., Shiga
toxin-producing E. coli (STEC) stx1/stx2, Vibrio
cholerae, Yersinia enterocolitica, C. difficile toxin A/B,
Campylobacter sp., E. coli O157, Enterotoxigenic
E. coli (ETEC) LT/ST, adenovirus 40/41, rotavirus A,
norovirus GI/GII, Giardia lamblia, Cryptosporidium sp.
[107]
and Entamoeba histolytica
. The assay performs
a multiplex reverse transcriptase PCR, using tagged
and biotinylated primers. Amplicons are detected by
hybridization to the pathogen-specific complementary
antitag sequence coupled to specific beads and
binding of the streptavidin-phycoerythrin reporter to
[106,107]
the biotinylated primers
.
The performance of the Luminex xTAG panel
was evaluated with 185 stool samples from 176
patients. In 11% of the samples, multiple pathogens,
including ETEC, G. lamblia, norovirus, Shigella sp.,
Campylobacter sp., Salmonella sp., adenovirus, and
[107]
C. difficile, were detected
. There was a 100%
sensitivity, specificity, PPV, and NPV. Another study
evaluated the assay with a total of 254 clinical speci[108]
mens
. Depending on the target organism, the
sensitivity ranged from 90% to 100% with an overall
sensitivity of 94.5% and a specificity of 99.1%.
With respect to C. difficile, the sensitivity, specificity,
PPV, and NPV were 91%, 100%, 100%, and 99%,
respectively.
In a site-specific clinical evaluation, the Luminex
xTAG Gastrointestinal assay showed a sensitivity of
98.7% and a specificity of 99.8%. C. difficile, Salmonella
spp., and Cryptosporidium spp. accounted for 67%
of the targets detected. Specifically, C. difficile was
detected in 23 samples, all of which were confirmed
with the Cepheid Xpert C. difficile assay. Furthermore,
the multiplex detection led to savings in the hospital
[109]
ward as compared to traditional methods .
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Technology

9 bacteria, 4 viruses and 4 parasites
Multiplex Real-time PCR
7 bacteria, 8 viruses and 5 parasites
3base Technology
11 bacteria, 4 viruses and 4 parasites
Multiplex Real-time PCR
9 bacteria, 5 viruses and 3 parasites
Multiplex Real-time PCR
19 bacteria
Low-density microarray
8 bacteria, 4 viruses and 3 parasites
Multiplex Tandem PCR technology
10 bacteria and 4 viruses
Dual priming oligonucleotide technology

Non-FDA approved assays

There are seven non FDA-approved assays on the
market that include C. difficile among their targets
(Table 3). The majority of these assays, employ realtime PCR technology. To our knowledge, only three of
them have been evaluated regarding the sensitivity
and specificity at detection C. difficile.
®
The RIDA GENE CD PCR assay (R-Biopharm AG,
Darmstadt, Germany), when compared to TC as a
reference, had a sensitivity of 98.1%, a specificity

1561

March 7, 2017|Volume 23|Issue 9|

Martínez-Meléndez A et al. Diagnosis of C. difficile infection
[113]

of 100%, a PPV of 100%, and a NPV of 98.1%
.
[113]
®
Ylisiurua et al
found that the RIDA GENE CD PCR
assay outperforms competing molecular C. difficile
assays, such as GeneOhm™ Cdiff assay (Becton
®
Dickinson) and Xpert C. difficile test (Cepheid).
The EasyScreen Enteric Bacterial Detection Kit is
a multiplex assay with calculated analytical sensitivities that range from 2.5 to 12.5 copies of targeted
pathogen, free of cross-reactivity to non-target microorganisms. For C. difficile, the calculated sensitivity
was 100% and the specificity 81.2%. The EasyScreen
assay correctly identified all C. difficile-containing
samples (12 out of 18), including the ribotype 027 and
[114]
078 strains (1 of each) .
®
The Seeplex Diarrhea ACE is another multiplex
molecular assay that was compared to BD GeneOhm,
with TC as a reference. There was a positivity rate of
35.4% (86/243). The concordance rate between the
®
BD GeneOhm and Seeplex Diarrhea ACE assay was
96% (234/243) with no significant differences between
them. The sensitivity, specificity, PPV, and the NPV of
®
the Seeplex Diarrhea ACE assay were 90.0% (63/70),
97.1% (168/173), 92.6% (38/43), and 96.0%
[115]
(168/175), respectively .

The identification of such a biomarker, will be helpful to
improve CDI diagnosis.

CONCLUSION
C. difficile has a worldwide distribution; its toxigenic
strains are responsible for CDI. Despite increasing
knowledge on risk factors that favor CDI and measures to reduce propagation, there is an increase in
[123-127]
the prevalence of CDI in many countries
. One
of the challenges at managing of CDI is the initial diag
nosis of the disease. To date, there is no single test
that accurately and rapidly diagnoses CDI. Multistep
testing is recommended for a diagnosis with acceptable sensitivity and specificity. The inclusion of NAATs
in the diagnostic algorithm combines high sensitivity
with a short turnaround time. However, test results
should be interpreted with caution and should consider
clinical suspicion, the presence of risk factors, and a
correct interpretation of test results. A better under
standing of the pathogenesis of C. difficile will help both
physicians and laboratories to develop the best strategy
to overcome current issues with CDI diagnosis.
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Abstract

Institutional review board statement: Primary tumor
specimens were collected at the time of surgery as leftover from
diagnostics at the Hannover Medical School Germany following
protocol approved by the local ethics committee (“EthikKommission der Medizinischen Hochschule Hannover”, head:
Prof. Dr. Tröger).

AIM
To screen clinically relevant microRNAs (miRNAs)
silenced by DNA methylation in human hepatocellular
carcinoma (HCC).
METHODS
Knockdown of DNA methyltransferases (DNMTs) using
siRNAs and miRNA profiling in HCC cell lines were
performed to identify DNA hypermethylation-mediated
miRNA downregulation. Confirmation using individual
quantitative real-time PCR (qRT-PCR) assays was then
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performed followed by DNA methylation quantification
at the promoter of the miRNA genes. Quantification
of DNA methylation and miRNA expression was then
performed in primary HCC tumor samples and related
with clinicopathological variables.

INTRODUCTION
A class of small non-coding RNAs with the ability to
negatively regulate gene expression, named microRNA
(miRNA), has been revealed to greatly contribute to
tumor development and progression since the last
[1]
decade . Rather than completely blocking expression
of the target genes, miRNAs act specifically in posttranscriptional modulation by fine-tuning of gene
[2]
expression . Differential expression of miRNAs has
been described in almost all tumor types thus also eliciting new opportunities to utilize miRNA as a potential
diagnostic or prognostic marker. Depending on their
functions, miRNAs are either up- or down-regulated
in cancer. After the first report revealing inactivation
[3]
of miRNA genes by DNA methylation , epigenetically
mediated silencing of various miRNAs have been
reported across different types of human cancers,
[4,5]
including human hepatocellular carcinoma .
DNA methylation aberrations have been shown to
contribute to the early steps of malignant transforma[6]
tion . Both miRNA expression and DNA methylation
patterns display tissue specificity. Therefore, cancer
profiling using those two features have successfully
discriminated tumor from healthy tissues and also
classified subtypes of tumors with a notable clinical
[7]
relevance .
HCC is among the top five major types of cancer
with more than 750000 new cases diagnosed each
year and accounts for the third highest cancer mor
[8,9]
tality rate worldwide . However, knowledge about
epigenetic aberrations of miRNA genes in HCC is still
surprisingly limited. Only few studies have addressed
[5,10]
DNA methylation-mediated miRNA silencing in HCC
.
Using in silico and in vitro screening, our previous
study has shown frequent DNA methylation aberrations
in intergenic miRNA genes and its potential value
for specific detection and as a new marker for poor
[4]
survival in HCC . In the human genome, around 60%
miRNAs are intergenic, located far away from any
other known genes. The remaining 40% of miRNAs
are located within introns of protein-encoding genes.
Transcription of these intragenic miRNAs is likely to be
[11]
regulated in the same direction as the host genes .
Some intragenic miRNAs have also been reported to be
[12]
epigenetically inactivated in HCC .
To complement our previous studies, we used a
comprehensive experimental screening approach to
identify yet unknown hypermethylation mediated
miRNA silencing in HCC. Specific DNA methyltrans
ferase (DNMT) knockdown followed by miRNA
expression profiling in HCC cell lines was performed.
Upregulated miRNAs after DNMT knockdown were
selected according to the presence of CpG islands
in the 5 kb distance to avoid indirect and unspecific
effects of DNMT knockdown. Following this strategy
we identified hsa-miR-183 as a new target of aberrant

RESULTS
miRNA profiling after DNMT knockdown in HCC cell
lines revealed upregulation of miR-23, miR-25 and
miR-183. After qRT-PCR confirmation and CpG island
methylation quantification of these miRNAs in cell lines,
further analysis in primary HCC specimens showed that
hsa-miR-183 is hypermethylated in 30% of HCC (n =
40). Expression of mature miR-183 showed an inverse
correlation with DNA methylation levels. In HCC cells,
DNMT knockdown and 5-aza-2’-deoxycytidine treatment
reduced methylation and stimulated expression of
miR-183. In HCC patients, hypermethylation at hsamiR-183 promoter significantly correlates with poor
survival (log-rank test p  = 0.03). DNA methylation
analysis in healthy liver, benign liver tumors (hepato
cellular adenoma and focal nodular hyperplasia) and
their corresponding adjacent tissues showed absence of
hypermethylation supporting the notion that aberrant
methylation at hsa-miR-183 is specific for the malignant
transformation of hepatocytes.
CONCLUSION
Our data indicate that hypermethylation of hsa-miR-183
is a frequent event in HCC and potentially useful as a
novel surrogate diagnostic and prognostic marker.
Key words: hsa-miR-183 ; DNA methylation; DNMT
knockdown; microRNA microarray
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A comprehensive screening using microRNA
microarray in hepatocellular carcinoma (HCC) cells
after DNMT1 -, DNMT3A -, and/or DNMT3B -knockdown
revealed upregulation of miR-23, miR-25, and miR-183.
Using primary HCC tumor tissues, we confirmed
frequent DNA hypermethylation at the hsa-mir-183
promoter. Hypermethylation of hsa-miR-183 was not
found in benign liver tumors, adjacent tumor tissues
as well as healthy livers and significantly correlated
with poor prognosis. Therefore it represents a potential
novel diagnostic and prognostic marker in HCC.
Anwar SL, Krech T, Hasemeier B, Schipper E, Schweitzer N,
Vogel A, Kreipe H, Buurman R, Skawran B, Lehmann U. hsamir-183 is frequenty methylated and related to poor survival
in human hepatocellular carcinoma. World J Gastroenterol
2017; 23(9): 1568-1575 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i9/1568.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i9.1568
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gists to be at least 70% using HE staining from the
reference sections of the snap frozen samples. Basic
clinicopathological variables of the patient samples are
summarized in Table 1. Seven HCC cell lines (HLE, HLF,
HuH7, HepG2, Hep3B, SNU182, and SNU387) and two
immortalized hepatocyte lines (THLE-2 and THLE-3)
were obtained from the American Tissue Culture
Collection (ATCC, Rockville, MD, United States) and
grown in conditions recommended by ATCC. Identity
of all cell lines was validated using short tandem
repeat (STR) profiling following the DSMZ’s protocol.
All experiments using cell lines were performed at subconfluent cellular density allowing exponential growth.

Table 1 Clinopathological variables of hepatocellular
carcinoma, hepatocellular adenoma, and focal nodular
hyperplasia patients involved in this study
HCC (n = 40) HCA (n = 10) FNH (n = 5)
Age
< 50
> 50
Sex
Male
Female
Etiology
HBV
HCV
No infection
Tumor differentiation
Good
Moderate
Poor
Tumor size
< 5 cm
> 5 cm
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Number of nodules
Unilocular
Multilocular
Cirrhosis
With cirrhosis
Without cirrhosis
Survival
< 3 yr
> 3 yr
No information
diagnosed < 2 yr ago

12
28

10
0

4
1

33
7

1
9

2
3

8
4
28

DNMT1, DNMT3A, and DNMT3B knockdown

15
17
8
20
20

4
6

4
1

9
1

4
1

DNMT gene knockdown experiments in HLE cells were
performed with pre-designed pools of four siRNA
targeting DNMT1, DNMT3A, DNMT3B (ON-TARGET
plus and siGENOME SMARTpool siRNAs, Dharmacon/
Thermo Scientific, London, United Kingdom) following
4
the manufacturer’s protocol. In brief, 2 × 10 cells in
500 μl complete medium were seeded in 24-well plate
simultaneously with 100 μl of a previously prepared
mixture containing 50 or 100 nmol/L siRNA/well,
TM
Lipofectamine RNAiMAX (Invitrogen, Darmstadt,
Germany), and Opti-MEM (Gibco-Invitrogen, Darm
stadt, Germany) following recommendations from
the manufacture. After 24 h medium containing
transfection reagent was replaced by new medium
and repeated transfection was performed after 48 h
from this point onward. After 3 sequential transfections
and re-plating into 12- and 6-well plates, cells were
harvested for RNA, DNA, and protein extractions. Two
scramble siRNAs (AllStars Negative Control siRNA,
®
Qiagen, Hilden, Germany and Riboxx control-N1,
Riboxx, Dresden, Germany) were included in the experi
ments as negative controls.

5
11
16
8
14
26
32
8
18
17
2
3

HCC: Hepatocellular carcinoma; HCA: Hepatocellular adenoma; FNH:
Focal nodular hyperplasia; HBV: Hepatitis B virus; HCV: Hepatitis C
virus.

DNA methylation in primary HCC specimens.

Western blot analysis

Fifteen μg of protein lysate was separated in 10%
pre-cast SDS-polyacrylamide gels (Bio-RAD, Munich,
Germany) and transferred onto Hybrid-P polyvinylidene difluoride membrane (Amersham Biosciences,
Freiburg, Germany). Antibodies used were mouse
monoclonal anti-DNMT1 antibody (IMG-261A clone
60B1220.1, Imgenex, San Diego, CA, United States),
mouse monoclonal anti-β-actin antibody (ab6276 clone
AC-15, Abcam, United Kingdom), and anti-mouse
secondary antibody HRP (R1253HRP, Acris, Herford,
Germany).

MATERIALS AND METHODS
Patient samples and cell lines

Primary tumor specimens were collected at the time
of surgery from 40 patients with HCCs, 10 with hepato
cellular adenoma (HCA), and 5 with focal nodular
hyperplasia (FNH) operated at the Hannover Medical
School Germany following a protocol approved by
the local ethics committee (“Ethik-Kommission der
Medizinischen Hochschule Hannover”, head: Prof. Dr.
Tröger). After snap froze in liquid nitrogen, the primary
tissues were stored at -80 ℃ until the time of analysis.
Clinical specimens were assessed by two independent
pathologists following universally accepted criteria for
HCC, HCA, and FNH. Morphologic classification of liver
tumors and grading of hepatocellular carcinoma were
performed according to recommendations as previ[13]
ously described by Lehmann et al
and Schlageter
[14]
et al . Tumor cell content was verified by the patholo-
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DNA and RNA extraction

Extraction of high molecular weight DNA from the
fresh-snap-frozen primary specimens was performed
by digestion with proteinase K (Merck, Darmstadt,
Germany) followed by phenol/chloroform procedure
®
(ROTI Carl Roth GmbH, Karlsruhe, Germany) following standard procedures. Total RNA was extracted
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Table 2 List of primers used in this study
Pyrosequencing
miR-23 cluster
miR-25 cluster
miR-183

Forward

Reverse

Ta ( ℃)

MgCl2
(mmol/L)

Sequencing

60
60
60

2.5
2.5
1.5

TGGTAGTTTATGGTTGTGAG
GYGGGTTTAGAATGAGT
GAATGGGGTAGTTGAGGG

TTTAAGTYGTGTGAAATTATGTGGTAG ATAAACACCRAAAAACRAATCCA
GTGYGGGTTAATYGGATAAGG
AAAAACCCRACRCCTACACTAC
GTTATTAATAGGAATGGGGTAG
AAACRACTCTCAACCTCCC

TM

using TRIZOL reagent (Invitrogen, Darmstadt,
Germany). For miRNA profiling, RNA was extracted
using miRNeasy Mini Kit (Qiagen, Hilden, Germany)
following the protocol provided by the manufacturer.

designed primers as available at Table 2. DNA methylation level for a given sample was presented as the
mean of all CpG dinucleotide methylation values from
two independent pyrosequencing runs. The software
Pyro-Q-CpG™ (Qiagen, Hilden, Germany) was used
for analyzing DNA methylation levels of each individual CpG dinucleotides. “Hypermethylated” was then
defined as methylation value above mean of the adjacent liver tissue plus two times the standard deviation
(Meanadj. + 2 × StD).

miRNA profiling

Comprehensive miRNA expression profiling after
DNMT knockdown was performed with Agilent’s highperformance miRNA Microarray Platform (Release
19.0, 8x60K) using its set of optimized reagents and
hardware following the supplier’s instruction as previ[15]
ously described in detail .

DAC treatment in HCC cell lines

DAC treatment in HLF, HuH7, and HepG2 cells in final
concentration 100 nmol/L for 5 d was performed as
[4]
initially described .

Reverse transcription and quantitative real-time PCR

Reverse transcription of mature miRNA species
was performed using 10 ng RNA per each reaction
using High Capacity cDNA Reverse Transcription Kit
®
and TaqMan miRNA assays (Applied Biosystem,
Darmstadt, Germany) following the manufacturer’s
®
recommendation (ID numbers of the TaqMan assays:
002270 for hsa-miR-183-3p and 002269 for hsamiR-183-5p. For normalization, RNU48 and U6 were
used as reference transcripts. Quantitative real-time
PCR was performed using TaqMan Universal PCR
Master Mix (Applied Biosystem, Darmstadt, Germany)
on ABI Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA, United States).
For mRNA quantification after DNMTs-knockdowns,
RNA (1 μg) was reverse-transcribed using High
Capacity cDNA Reverse Transcription Kit (Invitrogen,
Darmstadt, Germany) according to the manufacturer’s
recommendation. Hs00154749_m1 for DNMT1,
Hs01027166_m1 for DNMT3A, Hs00171876_m1
for DNMT3B and two references Hs00939627_m1
(GUSB) and Hs02758991_g1 (GAPDH) were used for
mRNA expression analysis after DNMTs-knockdown.
Expression of miRNAs in primary tumor samples was
displayed as fold change after normalized with the
paired adjacent liver tissues.

Statistical analysis

Clustering analysis of the miRNA profiling after DNMT
knockdown was performed using Qlucore Omics
Explorer v2.2 (Qlucore, Lund, Sweden). For statistical
analysis, GraphPad Prism (version 5.01 for Windows,
La Jolla, CA, United States) was used. The MannWhitney-U test was utilized to compare continuous
2
variables and χ test for relationships between
categorical variables. To compare survival of HCC
patients, Kaplan-Meier curve and long-rank (MantelCox) test were used. For those comparisons, p < 0.05
was considered as statistically significant.

RESULTS
Upregulated miRNAs after DNMT knockdown

Upon DNMT-1, -3A, and -3B knockdowns (Supple
mentary Figure 1), several miRNAs were shown to
be upregulated (Figure 1a). To sort out upregulation
of miRNAs directly affected by demethylation due to
the DNMT knockdown, we further analyzed presence
of CpG island association (within 5 kb) at the miRNA
gene promoters. After DNMT knockdown, hsa-miR-23
cluster, hsa-mir-25 cluster, and hsa-mir-183 cluster
were shown to be upregulated by using miRNA
profiling (Figure 1a). To show direct effects of DNMT
knockdowns to alterations of DNA methylation and
miRNA expression, we used HLE cells upon DNMT1
knockdown and measured methylation of hsa-miR-183
promoter and expression miR-183. DNMT1 knockdown
in HLE cells led to decreased methylation at hsamiR-183 promoter (p = 0.0015) accompanied by
elevated miR-183 expression (p = 0.04) (Figure 1b).

Bisulfite conversion and methylation analysis

For DNA methylation analysis, genomic DNA was
treated with sodium bisulfite using EZ DNA Methy
TM
lation Kit (Zymo Research, HiSS Diagnostics,
Freiburg, Germany) according to the manufacturer’s
recommended protocol. For each PCR amplification,
approximately 25 ng of the bisulfite modified DNA was
used. DNA methylation analysis was performed with
[4]
pyrosequencing as initially described using newly
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A

hsa-miR-25
hsa-miR-23b
hsa-miR-27a
hsa-miR-24
hsa-miR-183
hsa-miR-23c

Scramble

Expression miR-183/RNU48-U6 (log)

Methylation level (%)

DNMT13A3B

DNMT-siRNA

DNMT3A3B

0

DNMT1.2

20

DNMT3A2

40

2.5

DNMT3A

p = 0.0015

DNMT3B

Methylation miR-183
60

DNMT1

DNMT3B2

NC3

NC2

NC1

NC4

B

p = 0.04

2.0
1.5
1.0
0.5
0.0

DNMT-siRNA

Scramble

Figure 1 Upregulated microRNAs after DNA methyltransferases knockdown (A); and Methylation and expression changes of hsa-miR-183 after DNA
methyltransferases knockdown (B). A: Cluster analysis after single and combined DNMT knockdown using siRNAs (as indicated in the lower panel) shows
upregulation of selected microRNAs (right panel). High, intermediate, and low microRNA expression levels in the heatmap are indicated with red, black, and
green, respectively. B: Upon DNMT1 knockdown in HLE cell lines, DNA methylation at the promoter of miR-183 decreased significantly (right panel, p = 0.0015)
accompanied by elevated miR-183 expression (left panel, p = 0.04). NC = negative control siRNA and DNMT (1, 3A, 3B) = DNA methyl transferase 1, -3A, -3B siRNA
treated samples. DNMT: DNA methyltransferase.

Differential DNA methylation in primary HCC specimens

at hsa-mir-183 transcriptional start site in HCC
compared to the corresponding adjacent liver tissues.
Hypermethylation was demonstrated in 30% of HCC
tumor samples (n = 40) (Figure 2).

Methylation analysis was performed at promoters
of the upregulated miRNAs after DNMT knockdown.
First, we performed DNA methylation analysis at the
promoter of hsa-miR-23 cluster, hsa-mir-25 cluster,
and hsa-mir-183 cluster in 7 HCC cell lines (HLE,
HLF, Huh7, HepG2, SNU182, and SNU387) and 2
healthy adult liver epithelial lines (THLE2 and THLE3).
Differential DNA methylation was not observed at the
promoter of hsa-mir-25 cluster among HCC cell lines
and healthy adult liver epithelial lines indicating that
the upregulation after DNMT knockdown is likely due
to indirect effects. Therefore, further DNA methylation
analysis at the promoter of hsa-mir-25 cluster in clinical samples (primary HCC, HCA, FNH tissue samples)
was not performed. At the promoter of hsa-miR-23
cluster, although differential methylation was shown in
cell lines, we observed constant hypermethylation both
in HCC and the adjacent liver tissue (Supplementary
Figure 2). We observed differential methylation
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Deregulated miRNA expression in relation with DNA
methylation status

In order to evaluate the functional relevance of differential DNA methylation at hsa-mir-183 locus, we
performed expression analysis of mature miR-183
in primary HCC specimens. MiR-183 was frequently
downregulated in HCC and its expression negatively
correlated with the methylation status (Figure 3).

DNA methylation analysis in benign liver tumors and
healthy liver tissues

We further analyzed DNA methylation patterns at hsamir-183 in benign liver tumor samples. Altogether
10 cases of HCA, 5 cases of FNH, their corresponding
adjacent liver tissues, as well as 5 healthy liver tissues
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Figure 2 Differential DNA methylation at hsa-mir-183 promoter in
primary hepatocellular carcinoma specimens compared to the adjacent
liver tissues. High-resolution quantitative DNA methylation analysis using
pyrosequencing shows 30% of HCC samples with hypermethylation.
“Hypermethylation” was defined as described in Materials and Methods. HCC:
Hepatocellular carcinoma.
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were analyzed. Aberrant methylation at hsa-mir-183
was not found in benign liver tumors and healthy liver
tissues (Supplementary Figure 3). This indicates that
aberrant methylation at hsa-mir-183 might occur only
during malignant transformation of hepatocytes.

Impact on HCC survival

HCC patients with hypermethylation at hsa-miR-183
locus had a significant shorter survival (log-rank test,
p = 0.03; Figure 4). Age is not significantly different
between HCC patients with and without hypermethylation indicating that the gain of methylation at hsamiR-183 is related to biological course of the disease
not merely due to an increase in age. Hypermethylated
samples are found more frequently in late HCC alth
ough this difference is not statistically significant.
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Figure 3 DNA hypermethylation leads to repression of hsas-miR-183
transcription. Shown are scatter plots demonstrating negative correlation
between DNA methylation levels and miR-183 expression case by case.

DISCUSSION
The discovery of miRNA has brought significant impro
vement in the understanding of regulation of gene
expression and highlighted the emerging of a novel
[7]
class of regulatory molecules in gene transcription .
The ability of miRNAs to control gene expression
post-transcriptionally reveals a complex and interrelated regulatory network of gene expression. Later,
it has been also shown that miRNAs are functionally
regulated by epigenetic mechanisms including DNA
[3,4,11]
methylation and histone modifications
. Aberrant
DNA methylation and histone modification have been
suggested to be an important causal factor for deregulation of miRNA expression, especially in cancer cells.
Liver tumors comprise a range of benign, premalignant, and malignant lesions that differ in histology, etio
logy, clinical management, and outcome. Aberrations
of both DNA methylation and miRNA expression are
very specific depending on developmental stage,
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60

Methylation

[5,16,17]

cell differentiation, and tissue types
. Therefore,
using combination of DNA methylation and miRNA
expression as clinical relevant markers is potentially
of practical relevance in some complex and hetero[5]
geneous diseases including liver cancer . Using an
in silico screen, our previous study has revealed that
aberrant DNA methylation of miRNA genes was a
biological event detected only in malignant liver cells
and tissues but not in adjacent tumor tissues, benign
[4]
liver lesions, and in hepatocyte lines . Aberrant DNA
methylation at miRNA loci does not occurs at random
but appears as highly organized event during the
course of hepatocarcinogenesis. Therefore, DNA methylation at miRNA genes has a potential as diagnostic
or prognostic marker as well as for guiding alternative
adjuvant targeted therapy in HCC because some
miRNAs regulated by DNA methylation play a role in
[5,18,19]
modulating therapeutic responses in HCC
.
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site is predicted at 5207 bp upstream of hsa-mir-183
within a CpG island adjacent to this cluster (CpG 351).
The pyrosequencing assay for the detection of DNA
methylation used in this study was developed for this
CpG island. Aberrant methylation of hsa-miR-183 was
absent in benign liver lesions (HCAs, FNHs), adjacent
liver tissues (from HCC, HCA, and FNH), as well as
healthy liver tissues. This indicates that hypermethylation of hsa-miR-183 is a potential diagnostic marker
to differentiate malignant liver tumor from benign
lesions especially in cases where relying on histopathology alone might be difficult, for example in distinguishing HCA from well-differentiated HCC. Although
involving limited numbers of HCC patients, our present
study also shows that aberrant DNA methylation at
hsa-miR-183 promoter is associated with poor HCC
outcome. Hypermethylation of hsa-miR-183 might not
be able to replace other prognostic factors commonly
used to predict HCC survival, but offer an additional
relevant marker to determine HCC prognosis.
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Figure 4 Hypermethylation at hsa-miR-183 significantly correlates with
worse survival in hepatocellular carcinoma. The Kaplan-Meier plot shows
comparison of HCC patient survival between those with hypermethylated
and non-methylated hsa-miR-183 locus (log-rank test p = 0.03, median
survivals are 49.5 and 150 wk for patients with hypermethylation and without
increased methylation at hsa-miR-183 locus respectively). HCC: Hepatocellular
carcinoma.
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COMMENTS
Background

In addition to the in silico screen previously done
[4]
by us , we performed an experimental screen by
using siRNA mediated DNMT knockdown to induce
re-expression of miRNA expression silenced by DNA
methylation. Our experimental screen revealed that
hsa-mir-183 is upregulated after DNMT knockdown.
Using primary HCC specimens, aberrant DNA methylation is detected in up to 30% of total samples. DNMT1
knockdown leads to significant reduction of DNA
methylation at the promoter and increased expression
of mature miR-183. Downregulation of miR-183 has
been previously described in several cancers such as
[20]
[21]
[22]
lung cancer , breast cancer , or osteosarcoma .
Upregulation of miR-183 has also been reported in liver
cancer precursors including cirrhotic and pre-malignant
[23]
lesions . The discrepancy of miR-183 expression in
cirrhosis, premalignant liver lesions, and liver cancer
might reflect the dynamic evolution during carcinogenesis since miRNAs modulate several mRNAs and
transcription factors. Mature miR-183 expression in
HCC can be activated by β-catenin through elevated
synthesis of polycistronic transcripts of the hsa[24]
miR-182-96-182 cluster . Therefore, in the presence
of CTNNB1 mutations, levels of miR-183 expression
might not show the expected downregulation in HCC
due to complex interactions of this genetic alteration
with promoter DNA methylation. In addition, upregulation of miR-183 was not correlated with survival of
[25]
HCC patients
indicating that expression alone is not
a useful prognostic marker in HCC.
Our present study showed frequent aberrant DNA
methylation at the promoter of hsa-miR-183. Hsamir-183 itself is an intergenic miRNA and located at
chromosome 7 in a cluster together with hsa-miR-96
and hsa-miR-182. The putative transcriptional start
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Hepatocellular carcinoma (HCC) is a leading cause of cancer mortality with
limited treatment options, mainly due to late detection of disease. Epigenetic
alterations like DNA methylation are now recognized as important contributors
to the development and progression of malignancy in humans. However, our
knowledge about epigenetic alterations in HCC and their clinical relevance is
still limited.

Research frontiers

Determining the clinical relevance of DNA methylation aberrations in microRNA
genes and exploring the potential as new biomarker of this epigenetic
aberration.

Innovations and breakthroughs

Comprehensive microRNA expression screen after DNA methyltransferase
(DNMT) knockdown, avoiding the unspecific side effects of “classical epigenetic
screens” using nucleotide analogues like azacytidine or aza-deoxycytidine as
DNMT inhibitors.

Applications

hsa-miR-183 gene methylation as new prognostic marker for the clinical
management of HCC patients.

Peer-review

In this manuscript, Anwar et al, described the status of miR-183 methylation
and related to poor survival in human HCC. In general, this is an interesting
manuscript, explaining epigenetic regulation of miR-183 in HCC and its
potential role as a novel surrogate and prognostic marker.
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blood flow (PBF) and changes in thrombocyte count
in a porcine model of acetaminophen induced ALF.
At manifestation of ALF, PBF increased maximally,
followed by a rapidly decline until death due to mul
tiple organ failure. In addition, thrombocytes values
declined slowly at the onset of ALF. In the early ALF
course, a second decline appeared 8 h after ALF
escalating to a more severe thrombocytopenia after 16
h in ALF preceding fatality within few hours.

Abstract
AIM
To investigate the changes of hemodynamic and
laboratory parameters during the course of acute liver
failure following acetaminophen overdose.

Thiel K, Klingert W, Klingert K, Morgalla MH, Schuhmann MU,
Leckie P, Sharifi Y, Davies NA, Jalan R, Peter A, Grasshoff C,
Königsrainer A, Schenk M, Thiel C. Porcine model characterizing
various parameters assessing the outcome after acetaminophen
intoxication induced acute liver failure. World J Gastroenterol
2017; 23(9): 1576-1585 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i9/1576.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i9.1576

METHODS
Eight pigs underwent a midline laparotomy following
jejunal catheter placement for further acetaminophen
intoxication and positioning of a portal vein Doppler
flow-probe. Acute liver failure was realized by intra
jejunal acetaminophen administration in six animals,
two animals were sham operated. All animals were
invasively monitored and received standardized
intensive care support throughout the study. Portal
blood flow, hemodynamic and ventilation parameters
were continuously recorded. Laboratory parameters
were analysed every eight hours. Liver biopsies were
sampled every 24 h following intoxication and upon
autopsy.

INTRODUCTION
®

Acetaminophen (Paracetamol ) can cause severe
hepatic injury if taken in large amounts either unin[1]
tentionally or with suicidal intent . Currently it represents the most common cause of acute liver failure
(ALF) in both United States and United Kingdom with
[2]
a trend to increasing incidence . Various prognostic
models have been established to predict the outcome
[3-9]
of patients suffering from ALF . The most widely
accepted criteria are those defined by King’s College
[10]
Hospital , which include predominantly biochemical
parameters including arterial pH, prothrombin time
and serum creatinine to identify patients in need
of liver transplantation. Unfortunately, a variety of
biochemical parameters in ALF are deranged repre
senting indices of altered biochemical pathways or
epiphenomena of liver necrosis. Furthermore the
[11]
King’s criteria was questioned by Bailey et al
in a
systematic review and meta-analysis of established
prognostic scores. The authors concluded that all criteria presently available are insensitive and may miss
patients requiring emergency liver transplantation.
The crucial question as to whether the liver regenerates spontaneously, or that liver transplantation will be
unavoidable remains the most important challenge for
the attending physician. To address this problem, animal models analysing the pathophysiologic alterations
in the course of ALF provide an opportunity to improve
therapeutic strategies and investigate new prognostic
parameters. The requirements for parameters of
interest are availability, feasibility and robust assurance in diagnosis. Although acetaminophen toxicity
[12,13]
has been extensively studied in rat
and mouse
[14,15]
models
, the precise pathogenic mechanisms of
hepatocyte damage which are potentially reversible
are still poorly understood. Recently, large models of

RESULTS
Acute liver failure (ALF) occurred after 28 ± 5 h
resulted in multiple organ failure and death despite
maximal support after further 21 ± 1 h (study end).
Portal blood flow   (baseline 1100 ± 156 mL/min)
increased to a maximum flow of 1873 ± 175 mL/min
at manifestation of ALF, which was significantly
elevated (p < 0.01). Immediately after peaking, portal
flow declined rapidly to 283 ± 135 mL/min at study
3
end. Thrombocyte values (baseline 307 × 10 /µL ±
3
34 × 10 /µL) of intoxicated animals declined slowly
3
3
to values of 145 × 10 /µL ± 46 × 10 /µL when liver
failure occurred. Subsequent appearance of severe
thrombocytopenia in liver failure resulted in values of
3
3
11 × 10 /µL ± 3 × 10 /µL preceding fatality within few
hours which was significant (p > 0.01).
CONCLUSION
Declining portal blood flow and subsequent severe
thrombocytopenia after acetaminophen intoxication
precede fatality in a porcine acute liver failure model.
Key words: Acetaminophen intoxication; Acute liver
failure; Portal blood flow; Thrombocytopenia; Animal
model; Porcine model
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It still remains difficult to predict the outcome
in patients with acute liver failure (ALF). Therefore
we aimed to investigate the clinical course of portal
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acetaminophen intoxication have been established in
[16,17]
porcine models
which are more appropriate to
represent the human liver physiology and the clinical
course of acetaminophen poisoning. These models are
also of sufficient size to allow use of a representative
human intensive care setting, which permits testing of
novel therapeutic interventions.
Based on observations of a preliminary animal
study of acetaminophen intoxication in which a distin
ctive pattern of portal blood flow (PBF) and alterations
[17]
in thrombocyte count were measured , the following
animal study was aimed to characterize the clinical
course of PBF and changes in thrombocyte count
during the development, onset and further course of
acetaminophen induced ALF.

ascites (500 to 1500 mL) was removed in the intoxication group during liver biopsy procedures which were
performed surgically by reopening the abdomen.

Acetaminophen intoxication and ALF

Two pigs (2/8) were sham operated as a control group
and received no acetaminophen intoxication. Dosage,
administration and acetaminophen plasma level monitoring for a reproducible onset of acute liver failure
after intrajejunal acetaminophen intoxication has been
[17]
previously described in detail . In brief, six pigs (6/8)
received an initial enteric acetaminophen bolus of 250
mg/kg body weight via the implanted jejunal catheter.
Intoxication was continued initially by an enteric maintenance dose of 2000 mg acetaminophen every hour.
Acetaminophen plasma levels were recorded every
four hours to adapt acetaminophen maintenance dose
(1000-3000 mg) to targeted plasma levels between
300-450 mg/L.
The onset of the ALF syndrome was defined by
presence of coagulopathy represented by a decline of
the prothrombin time (PT) value below 30% at which
point acetaminophen intoxication was stopped.

MATERIALS AND METHODS
Animal model

After approval by the institutional review board for
animal experiments, all experiments were performed
according to the international principles governing
research on animals and under the supervision of a
veterinarian, who set the guidelines for minimizing
suffering.
The study was performed in eight female German
landrace pigs weighing 38 ± 2 kg. Premedication,
anaesthesia, intensive care medication and algorithms
for standardized intensive care management have
[18]
been previously reported in detail .
In brief, intramuscular premedication consisted of
atropine 0.1% (0.05 mg/kg), ketamine (14 mg/kg),
azaperone (2 mg/kg) and midazolam (0.5 mg/kg).
Pigs were orally intubated and ventilated with a pressure controlled ventilation modus. Continuous intravenous anesthesia consisted of ketamine (15 mg/kg per
hour), fentanyl (0.02 mg/kg per hour) and midazolam
(0.9 mg/kg per hour).

Standardized intensive care management

All pigs (8/8) remained under anaesthesia receiving
pressure-controlled ventilation until conclusion of the
study. Intensive care medication and algorithms for
standardized fluid management which were used to
ensure hemodynamic stability have been previously
[17,18]
reported in detail
. Relevant vital parameters as
electrocardiogram, heart rate, MAP, CVP, intracranial
pressure and body temperature were recorded electronically throughout the experiment (IntelliVue MP50,
Philips Medical Systems, Andover MA, United States).
Arterial blood gas analysis (ABL 800, Radiometer,
Copenhagen, Denmark) including haemoglobin, methaemoglobin, hematocrit, lactate, serum electrolytes,
acid base balance and blood glucose levels were
monitored hourly and ventilation parameters [12-30
breaths/min, tidal volume 6-12 mL/kg and oxygen
concentration (FiO2) 0.3 - 1.0] were adjusted accordingly. Complete blood count, PT, aspartate aminotransferase, creatinine, albumin, bilirubin, ammonia and
total plasma protein were measured before, immediately after and every eight hours following acetaminophen intoxication until study end. Norepinephrine,
®
in combination with hydroxyethylstarch 6% (Voluven
HES 130/0.4, Fresenius, Bad Homburg, Germany) and
sodium chloride solution 0.9% were used to ensure
hemodynamic stability. After the onset of ALF, four
fresh-frozen plasma units (300 mL/unit) were given
within 24 h to avoid spontaneous bleeding complications which were observed in pilot studies. Packed
erythrocyte units (300 mL/unit) were given if haemoglobin levels decreased below 6 g/dL. Blood glucose
levels were maintained > 100 mg/dL with glucose
20% solution. Sodium bicarbonate 8.4% solution was

Surgical procedures

The jugular and femoral veins as well as the femoral
artery were instrumented to measure central venous
pressure (CVP) and mean arterial pressure (MAP). A
probe was inserted in the frontal brain parenchyma
to record intracranial pressure. Following a median
laparotomy the portal vein was separated and a 10-15
mm peri-vascular Doppler flow-probe (Medi-Stim,
Oslo, Norway) was placed without restricting the portal
vein diameter, and fixed to periportal tissue. PBF data
were recorded electronically by a CM-2000 Doppler
Flowmeter (Medi-Stim, Oslo, Norway). A jejunal
TM
catheter (Gentle-Flo , Tyco Healthcare, Tullamore,
Ireland) was inserted into the upper jejunum for further acetaminophen administration and a 14F urinary
catheter (Ruesch Care, Kernen, Germany) was placed
by cystostomy. The abdominal wall was closed with
a running suture. Liver biopsies were sampled every
24 h following intoxication and upon autopsy. Clear
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used to compensate metabolic acidosis. Death was
defined by a decline of MAP below 35 mmHg whilst
receiving maximal vasopressor support. Sham animals
were killed by a single intravenous bolus of 10 mL T
61 (Intervet, Unterscheißheim, Germany) at 48 post
surgery.

are reported as mean ± SE. The statistical methods of
this study were reviewed by Martin Schenk, University
Hospital Tuebingen.

Continuous venovenous hemofiltration

All intoxicated animals (n = 6) developed features of
ALF within 28 ± 5 h, confirmed by a decrease in PT
below 30%. Mortality due to ALF occurred after 21 ±
1 h due to multiple-organ failure (end of the study).
The course of the hemodynamic parameters MAP, CVP,
the amount of vasopressor support (norepinephrine
dosage) required to maintain organ perfusion, is given
in Figure 1A-C. Both sham operated animals (n =
2) survived the observation period of 48 h without
substantial changes of hemodynamic and laboratory
parameters. Significant hemodynamic changes in
MAP occurred 8 h after the onset of ALF (p < 0.05;
Figure 1A), CVP 16 h after ALF (p < 0.02; Figure 1B)
and norepinephrine dosage 16 h after ALF (p < 0.04;
Figure 1C). Slightly elevated intracranial pressure
baseline values of 19 ± 1 mmHg (n = 8) resulted from
the unphysiological supine position of the animals. An
elevation due to ALF was noticed after 16 h (19 ± 2
mmHg in sham animals vs 30 ± 2 mmHg in intoxicated animals, p < 0.03) and 24 h (17 ± 1 mmHg vs
35 ± 5 mmHg) post ALF.

RESULTS
Manifestation of ALF

At ALF, continuous venovenous hemofiltration was
administered to all animals of the intoxication group
(6/6). Continuous hemofiltration therapy was admin®
istered in both sham animals from 24 h (Prismaflex
system. Gambro, Hechingen, Germany) using a TF
1000 PRE SET membrane filter (Gambro Industries,
Meyzieu, France). The device system was washed and
primed according to the manufacturer’s instruction
and connected to the right femoral double-lumen
catheter. Hemofiltration settings were: mean blood
flow rate of 100 mL/min; filtration rate of 35 mL/kg
body weight per hour; with fluid withdrawal at 60
mL/h. Unfractionated heparin (250 IU/h, B. Braun
Melsungen AG, Germany) was administered to avoid
clotting.

Biochemical analysis

All biochemical parameters including acetaminophen
plasma level were measured by the certified central
laboratories of the Tuebingen University Hospital
(Division of Endocrinology, Diabetology, Angiology,
Nephrology, Pathobiochemistry and Clinical Chemistry,
Department of Internal Medicine, Tuebingen University
Hospital, Germany). Arterial albumin, lactate and creatinine (enzymatic) concentrations were determined on
the ADVIA 1800 Clinical Chemistry analyzer, ammonia
and acetaminophen plasma concentrations were
determined on the Dimension RXL Clinical Chemistry
analyzer and the ADVIA 2120 Hematology analyzer
was used for blood counts (all Siemens Healthcare
Diagnostics, Eschborn, Germany). Coagulation tests
were performed on the ACL TOP 700 Hemostasis
Testing System, (Instrumentation Laboratory, Kirch
heim, Germany). Sample analysis was conducted
within 1 h of collection at each time point.

Course of mean PBF

Portal vein flow remained hepatopetal in all animals
throughout the experiment. The course of PBF during
acetaminophen intoxication, manifestation of ALF and
following multiple-organ failure is shown in Figure
1D. The sham operated animals started with a PBF at
baseline of 1016 ± 16 mL/min. The PBF remained stable with an overall flow of 825 ± 91 mL/min throughout. At start of acetaminophen administration in the
intoxication group (n = 6) baseline PBF was 1100 ±
156 mL/min. Three animals in the acetaminophen
group required between 36-40 h to develop ALF, while
the remainder achieved ALF within 16-20 h. Within
the animals that required a prolonged acetaminophen
loading phase the PBF increased only slightly for the
initial period but showed a substantial rise 8 h before
manifestation of ALF analogous to the course of the
more susceptible animals. Maximum portal blood flow
was 1873 ± 175 mL/min (n = 6) at the onset of ALF.
The elevation in PBF 8 h before and at the onset of
ALF was found to be significant compared to the sham
animals at 24 h (p < 0.01). Immediately after ALF,
PBF started to decline rapidly to a minimal value of
283 ± 135 mL/min (n = 6) at study end.

Histological examinations

Biopsy specimens of the liver were obtained every 24
h after intoxication and immediately post-mortem, and
fixed in used 4% formaldehyde. Sections of the specimen were routinely stained with haematoxylin-eosin.
Additionally Ki-67 immunostaining by using alkaline
phosphatase staining was performed.

Statistical analysis and calculation

®

Mean values were compared by Wilcoxon test (JMP
8.0, SAS Institute, Cary, NC, United States). Values
of the laboratory parameters were compared to
baseline values by the Wilcoxon matched pairs test.
A p value < 0.05 was considered significant. Results
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Course of PT, thrombocytes and selected ALF related
laboratory parameters

The course of PT is shown in Figure 2A. PT in all ALF
animals declined constantly following acetaminophen
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Figure 1 Profile of mean arterial pressure, central venous pressure, norepinephrine dosage and portal blood flow in sham operated and acetaminophen
intoxicated animals. The course of mean arterial pressure (A), central venous pressure (B), dosage of norepinephrine (C) and portal blood flow (D) in sham (white
line) and acetaminophen intoxicated (black line) animals. All values are given as mean ± SE relative to the onset of acute liver failure (ALF) (in hours). Black arrows
on x-axis indicate start of acetaminophen intoxication of individual animals. ap < 0.05 vs sham animals.
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3

3

at 307 × 10 /µL ± 34 × 10 /µL; and 367 × 10 /µL ±
3
18 × 10 /µL in sham animals. Thrombocyte values
for ALF animals declined following acetaminophen
3
3
to 145 × 10 /µL ± 46 × 10 /µL at the onset of ALF.

administration. There was a transient decrease in
sham animals due to the surgical trauma and volume
of fluid resuscitation which later normalised. Baseline
thrombocyte values for ALF animals were measured
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Figure 3 acute liver failure related laboratory parameters of acetaminophen intoxicated animals. Box plot analysis of the selected laboratory values albumin (A),
ammonia (B), lactate (C) and creatinine (D) at the moments: start of intoxication, ALF and study end. All values are given as mean ± SE. ap < 0.05, vs the moment
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Figure 4 Light microscopic preparations (haematoxylin-eosin staining) of liver biopsies. Biopsies taken 24 h after acetaminophen intoxication show enlarged
liver sinus with beginning centrilobular necrosis. A: Exitus biopsy shows progedient centrilobular necrosis; B: Bar indicates 200 µm; objective magnification × 20.

and were further reduced after 8 h post ALF (33 ×
3
3
10 /µL ± 18 × 10 /µL, p < 0.01) resulting in severe
3
thrombocytopenia with values of 11 ± 3 × 10 /µL (p
< 0.01) after 16 h in ALF preceding death within few
hours (Figure 2B). Values of the laboratory parameters
are shown in Figure 3. The decline of albumin (baseline
2.0 ± 0.2 g/dL vs ALF 0.2 ± 0.1 g/dL vs study end 0.2
± 0.1 g/dL) was statistically significant (p < 0.05) at
both time-points (Figure 3A). Plasma ammonia levels
(baseline 34 ± 5 µmol/L and ALF 39 ± 3 µmol/L)
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increased to 95 ± 35 µmol/L at study end, though the
difference was not found to be significant (Figure 3B).
The increase of lactate (baseline 1.5 ± 0.5 mmol/L vs
ALF 0.9 ± 0.1 mmol/L vs study end 12.9 ± 2.6 mmol/L)
was significant (p < 0.05) at death compared with
baseline values (Figure 3C). Creatinine values (baseline
0.8 ± 0.1 mg/dL vs ALF 0.5 ± 0.1 mg/dL vs study
end 1.1 ± 0.2 mg/dL) remained near normal physiological values due to effective continuous venovenous
hemofiltration therapy during the course of ALF (Figure

1581

March 7, 2017|Volume 23|Issue 9|

Thiel k et al. Predictors of outcome after acetaminophen intoxication
3D).
The increase of plasma aspartate transaminase
(baseline 50 ± 9 U/L vs ALF 105 ± 28 U/L vs study
end 237 ± 109 U/L) was significant raised (p < 0.02)
at death compared with baseline values. Alanine
aminotransferase plasma values did not change sub
stantially during the course of ALF (baseline 33 ± 3
U/L vs ALF 23 ± 10 U/L vs study end 26 ± 7 U/L) and
total bilirubin plasma levels remained in the physiological range (baseline 0.1 ± 0.0 mg/dl vs ALF 0.1 ± 0.0
mg/dl vs study end 0.3 ± 0.1 mg/dl).

followed by a rapid increase within the last 8 h before
manifestation of ALF. This phenomenon is likely associated with the animal’s individual tolerance towards
toxic acetaminophen metabolites. The observation that
the rapid increase of PBF within 8 h before ALF in both
subgroups suggests that the rapid change in PBF, even
before the onset of ALF, is indicative of the extent of
toxicity for the animal.
As PBF represents the main component of the
liver perfusion and portal vein flow measurement is
easily accessible for the attending physician in the
clinical setting, we decided to focus on the changes
determined in PBF. We abstained from quantifying
hepatic artery flow which would increase surgical
trauma and which varies considerably following the
application of norepinephrine administration in ALF.
Although assessment of volume blood flow by Doppler
ultrasound is subject to a number of variables, errors
[20]
can be minimized with careful attention to detail .
To evaluate a complete pattern of PBF, continuous
recording was obtained by a surgically implanted
Doppler flow-probe placed around the portal vein.
Portal vein hemodynamics have recently been inve
[21]
stigated in liver transplantation , in small for size
[22]
syndrome after extended hepatectomy , and in
[23]
living donor liver transplantation in both clinical and
experimental animal studies. The portal vein inflow,
within its physiological range, is a stimulus for hepatic
[24,25]
regeneration
, but excessive PBF has been shown
to be detrimental to the function of the affected
[26,27]
liver
. Several studies investigating the changes
of PBF in ALF have been performed in patients by
[28]
[29]
serial Doppler ultrasound examinations
or in rats
by using a radioactive microsphere technique. They
demonstrated a significant increase of PBF in the
development and early onset of ALF followed by a
steady return to baseline values during liver regeneration. The increase of PBF was clearly identified
as a consequence of elevated cardiac output similar
to the hemodynamic changes seen in hyperdynamic
septic shock. Although the MAP during ALF could
be stabilized by intensive care support, a constant
decline of PBF was observed in the post ALF period.
Norepinephrine which was required for hemodynamic
stabilisation in ALF in our experimental setting does
not influence the mesenteric venous blood flow as
[30,31]
previously demonstrated in animal models
. This
phenomenon could be related to refractivity to volume
[32,33]
replacement and vasopressor support
. The ongoing impairment of liver perfusion additionally reduced
the oxygen supply essential for survival of hepatocytes
and liver regeneration.
As the current model resulted in 100% mortality,
it makes the identification of any regenerative process
difficult to ascertain. This could mean that the decline
in PBF observed during the ALF course could be misin
terpreted as a start of systemic and hepatic restoration. However, firstly the hemodynamic situation of

Autopsy and histological examinations of liver biopsies

Upon autopsy, massive ascites (2000 to 3000 mL) and
a dark-blue necrotic liver was found in all ALF animals.
Liver biopsies taken at 24 h showed enlarged liver
sinus with early centrilobular necrosis (Figure 4A).
Exitus biopsy demonstrated progedient centrilobular
necrosis (Figure 4B) in contrast to normal liver architecture in sham operated animals (data not shown).
No evidence for increased hepatocyte proliferation
(Ki-67 immunostaining) was found in any animals (data
not shown). Macroscopically, kidneys were swollen
with hemorrhagic infarctions. Histological examination
showed acute tubular necrosis and biopsies of brain
tissue revealed substantial edema (data not shown).

DISCUSSION
In this present study we sort to characterise the course
of PBF and thrombocyte count in order to analyse
their prognostic value for predicting a fatal outcome in
a porcine model of acetaminophen intoxication. The
objective of these studies is to identify the moment at
which recovery will be unlikely and emergency liver
transplantation remains the ultimate treatment option.
The distinctive pattern of PBF and thrombocyte count
in combination with worsening hemodynamics were
identified as relevant parameters.
The high reproducibility of ALF resulting in 100%
mortality due to multiple-organ failure confirmed
the results of the our previously published porcine
[17]
model of acetaminophen intoxication . Within the
current experimental setting, continuous venovenous
hemofiltration was administrated in addition to standardized intensive care therapy in order to maximally
prolong survival in ALF for patients after massive
[19]
acetaminophen overdose . The use of a continuous
renal support device itself, applied to both sham operated animals after 24 h analogous to the onset of ALF
in intoxicated animals did not influence the change of
mean PBF nor the fall in thrombocytes substantially.
Unexpectedly 3/6 animals needed a longer aceta
minophen loading period (36-40 h) for the development
of ALF in contrast to other animals (16-20 h). Both
subgroups showed different kinetics in PBF changes.
The slowly intoxicating animals presented only a slight
increase in PBF during the initial intoxication phase
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recovering animals would certainly be stabilized and
secondly the decrease of PBF, when liver restoration
occurred, has already been described as a comparatively slow process in contrast to the rapid decline in
[28]
the end stage of ALF .
It has recently been demonstrated experimen[27,34]
[35,36]
tally
and clinically
that thrombocytes are able
to promote liver regeneration after extended hepatectomy or liver transplantation. Their predictive value
in the context of ALF remains unclear. Thrombocyte
activation and increased fibrinolysis, highly suggestive of disseminated intravascular coagulation, occurs
in ALF and may be related to endotoxemia or the
release of thromboplastic material from the damaged
liver.
The diagnosis remains difficult to substantiate as
plasma concentrations of both fibrinogen and fibrin
degradation products may be altered by ALF induced
impairment of all serum coagulation parameters.
Thrombocytopenia is a common finding in ALF from
[37]
any cause . Secondary to acetaminophen overdose it
[38]
has been reported in a number of patients . Clinical
cases of acetaminophen intoxication with a plasma
level of 250 mg/L ten hours after an intentional over®
dose of 50 g Paracetamol tablets resulted in severe
thrombocytopenia without accompanying anaemia or
[39]
leucopenia approximately 48 h after ingestion . A
retrospective analysis of 174 patients by Fischereder
[40]
and Jaffe
demonstrated that thrombocytopenia
occurring early in the course of acetaminophen overdose was not uncommon and may identify a subset of
patients with a high risk of hepatotoxicity. Our findings
of a secondary sudden decline of thrombocytes follo
wing elevated acetaminophen plasma level (300-450
mg/L) support this hypothesis.
We conclude that the distinctive pattern of PBF
during the intoxication process and subsequent ALF
represents a reliable parameter for acetaminophen
toxicity. Declining PBF in combination with ongoing
worsening of hemodynamics and organ function
precedes a fatal outcome after acetaminophen intoxication. An additional secondary sudden appearance of
severe thrombocytopenia in ALF was found to reliably
precede fatality within few hours.
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Abstract
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AIM
To elucidate the role of proton pump inhibitors (PPIs) in
collagenous disease, direct effect of PPI on colonocytes
was examined.

Institutional review board statement: The study was approved
by the Institutional Review Board of the Nara Medical University
(No. 937).

METHODS
Collagenous colitis is a common cause of non-bloody,
watery diarrhea. Recently, there has been increasing
focus on the use of proton PPIs as a risk factor for
developing collagenous colitis. Mouse CT26 colonic
cells were treated with PPI and/or PPI-induced alkaline
media. Expression of fibrosis-associated genes was
examined by RT-PCR. In human materials, collagen
expression was examined by immunohistochemistry.
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RESULTS
+
+
CT26 cells expressed a Na -H exchanger gene (solute
carrier family 9, member A2). Treatment with PPI and/
or PPI-induced alkaline media caused growth inhibition
and oxidative stress in CT26 cells. The treatment
increased expression of fibrosis inducing factors,
transforming growth factor β and fibroblast growth
factor 2. The treatment also decreased expression of
a negative regulator of collagen production, replication
factor C1, resulting in increased expression of collagen
types Ⅲ and Ⅳ in association with lipid peroxide.
In biopsy specimens from patients with collagenous
colitis, type Ⅲ and Ⅳ collagen were increased.
Increase of type Ⅲ collagen was more pronounced
in PPI-associated collagenous colitis than in non-PPI-
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of colonocytes’ response to PPI is not given adequate
attention. In the present study, we attempt to eluci
date the pathologic importance of the direct effect of
PPIs on colonocytes.

associated disease.
CONCLUSION
From these findings, the reaction of colonocytes to PPI
might participate in pathogenesis of collagenous colitis.

MATERIALS AND METHODS

Key words: proton pump inhibitor; collagenous colitis;
pH; fibrosis; oxidative stress

Surgical specimens

We reviewed the pathology and clinical data of 11
patients with collagenous colitis diagnosed in the
Department of Molecular Pathology, Nara Medical
University from 2012 to 2015. Two samples of nonpathological colonic mucosa were used as controls.
Basic patient information is summarized in Table
1. As written informed consent was not obtained,
any identifying information was removed from the
samples prior to analysis, in order to ensure strict
privacy protection. All procedures were performed
in accordance with the Ethical Guidelines for Human
Genome/Gene Research enacted by the Japanese
Government, which was approved by the Ethics
Committee of Nara Medical University (Approval
Number 937).

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The main contribution of our paper is the
finding of the basic mechanism of proton pump inhi
bitor evoking collagenous colitis with direct effects
to colon epithelial cells. The collagenous colitis is a
major cause of non-hemorrhagic watery diarrhea;
however, the mechanism of the disease has not
been fully elucidated. Our research findings show
that proton pump inhibitor causes oxidative stress
and collagen synthesis in colon epithelial cells, which
might provide an impact to understanding patho
genesis of collagenous colitis and the side effect of
proton pump inhibitor.

Cell lines

Mori S, Kadochi Y, Luo Y, Fujiwara-Tani R, Nishiguchi Y, Kishi S,
Fujii K, Ohmori H, Kuniyasu H. Proton pump inhibitor induced
collagen expression in colonocytes is associated with collagenous
colitis. World J Gastroenterol 2017; 23(9): 1586-1593 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i9/1586.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1586

CT26 mouse colon cancer cell line was provided by
Professor I. J. Fidler (MD Anderson Cancer Center,
Texas University). Cells were cultured in Dulbecco’s
modified Eagle’s medium [DMEM; with high glucose
(450 mg/dL), low glucose (100 mg/dL) or no glucose;
WAKO Purechemical Ind. Ltd., Osaka, Japan), supple
mented with 10% fetal bovine serum (FBS, Sigma
Chemical Co., St. Louis, MO, United States) at 37 ℃
in 5% CO2. Alkaline (pH 8.0) medium was made from
DMEM with addition of Tris-HCl (pH 9.0, Sigma). Cell
growth was assessed using a tetrazolium dye assay
[11]
(MTT, Sigma), as previously described .

INTRODUCTION
Collagenous colitis is one type of microscopic colitis
and is the most common cause of non-bloody, watery
[1,2]
[3]
diarrhea . Originally Freeman et al reported as
a colitis with watery diarrhea and a lesion of colonic
basement membrane. Collagenous colitis is chara
cterized by collagenous bands at the basement
[4,5]
membrane under microscopic examination . This
disease is treated with anti-inflammatory agents
[6]
including salicylate ; however, untreated disease
[7,8]
might progress into ulcerative colitis .
Recently, proton pump inhibitors (PPIs), especially
lansoprazole, have been considered a potential cause
[5]
of collagenous colitis . Lansoprazole administration
caused collagen bands in colonic mucosa in Mongolian
[9]
gerbils . However, the role of PPIs in the pathogenesis
of collagenous colitis is not fully understood. Many
pathologic mechanisms are proposed: colonic con
tents, mucosal immunity including autoimmunity
and flora-associated immunity, eosinophilic reaction,
human leukocyte antigen, biliary acids, anaerobic
bacteria, fibroblast activation, and reduction of acidity
in colonic contents due to suppression of acid secretion
[5,10]
to the gastric juice
. In these candidates, the role

WJG|www.wjgnet.com

Reagents and enzyme-linked immunosorbent assay

Pantoprazole (Sigma), MitoGreen (Takara Bio Inc.,
Kusatsu, Japan), and 4-hydroxynonenal (4HNE)
ELISA kit (R&D Systems Inc., Minneapolis, MN, United
States) were purchased. For evaluation of MitoGreen,
strength of fluorescence was measured in computercaptured images by using Photoshop Image Analyzer
(Adobe Systems Inc., San Jose, CA, United States).
4HNE was measured in cell lysate according to the
manufacturers’ instructions. Whole-cell lysates were
prepared using 0.1% nonidet 40 containing lysis buffer
[12]
as previously described .

Immunohistochemistry

Consecutive 4-μm sections were immunohistochemically
stained using the immunoperoxidase technique
[13]
described previously . Anti-type Ⅳ collagen antibody
and anti-type Ⅲ collagen antibody (Abcam, Cambridge,
MA, United States) were used at a concentration
of 0.2 μg/mL. Secondary antibodies (Medical and
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Table 1 List of primer sets for RT-PCR
Gene

Symbol

Accession No.

Upper primer

Lower primer

Collagen type Ⅳ
Collagen type Ⅵ
Collagen type Ⅰ
Collagen type Ⅲ
Solute carrier family 9, member A2
Transforming growth factor β1
Fibroblast growth factor 2
Replication factor C1
Glyceraldehyde-3-phosphate dehydrogenase

Col4a1
Col6a1
Col1a1
Col3a1
Slc9a2
Tgfb1
Fgf2
Rfc1
Gapdh

NM_009931.2
NM_009933.4
NM_007742.4
NM_009930.2
NM_001033289.2
NM_011577.2
NM_008006.2
NM_011258.2
NM_001289726.1

AAAGGGAGAAAGAGGCTTGC
GATGAGGGTGAAGTGGGAGA
GAGCGGAGAGTACTGGATCG
GCACAGCAGTCCAACGTAGA
ACTGGGGTCACAACTTCTGG
TTGCTTCAGCTCCACAGAGA
AGCGGCTCTACTGCAAGAAC
TGATCACAGGAGTGCTGGAG
AACTTTGGCATTGTGGAAGG

CCTTTGTACCGTTGCATCCT
CAGCACGAAGAGGATGTCAA
GCTTCTTTTCCTTGGGGTTC
TCTCCAAATGGGATCTCTGG
CTTCACGGCAGTCATTGAGA
TGGTTGTAGAGGGCAAGGAC
GCCGTCCATCTTCCTTCATA
CGAGGATTTTTGTTCCCAGA
ACACATTGGGGGTAGGAACA

Biological Laboratories, Nagoya, Japan) were used at a
concentration of 0.2 μg/mL. Tissue sections were colordeveloped with diamine benzidine hydrochloride (DAKO,
Glastrup, Denmark), and counterstained with Meyer’s
hematoxylin (Sigma). We evaluated immunopositivity
at the basement membrane and stromal fibers.
Staining strength was scored from (-) to (++): (-)
is no staining; (+) is staining equal to that of nonpathologic mucosa; (++) is staining more pronounced
than that of non-pathologic mucosa. All samples were
stained at one time to equalize staining conditions. For
a negative control, unimmunized rat IgG (Santa-Cruz
Biotechnology, Santa-Cruz, CA, United States) was used
as primary antibody.

concentration (Figure 1C).

Reverse transcription-polymerase chain reaction

Expression of collagen and collagen-associated genes
in CT26 cells

Effect of PPI and/or alkaline pH on oxidative stress and
mitochondria volume

Next, oxidative stress was examined by 4HNE levels,
as it is a marker for lipid peroxide (Figure 2A and
B). Treatment with PPI or alkaline media increased
levels of 4HNE in various glucose concentrations.
Alkaline media-treated cells showed higher 4HNE
levels than PPI-treated cells. Treatment with PPI
or alkaline media decreased mitochondrial volume
(Figure 2C), particularly in 100 and 450 mg/dL
glucose concentrations compared to 0 mg/dL glucose
concentration (Figure 2D).

Reverse transcription-polymerase chain reaction
(RT-PCR) of 0.5 μg total RNA extracted using an
RNeasy kit (Qiagen, Germantown, MD, United States)
was performed. Primer sets used in the experiment
are listed in Table 1. Primers were synthesized by
Sigma Genosys (Ishikari, Japan). PCR products were
electrophoresed in a 2% agarose gel and stained with
ethidium bromide.

+

Statistical analysis

Statistical significance was calculated by using twotailed Fisher’s exact, Chi-square, and unpaired
Student-t tests by using InStat software (GraphPad,
Los Angeles, CA, United States). Statistical significance
was defined as a two-sided p-value of < 0.05.

RESULTS

Production of collagen type Ⅲ and Ⅳ in human
collagenous colitis mucosa

Effect of PPI and/or alkaline pH on cell growth of CT26
cells

We confirmed the increase of collagen type Ⅲ and Ⅳ
in human colonic mucosa of patients with collagenous
colitis (Figure 4). HE and Azan staining showed
thickening of the basement membrane at the covering
epithelium (Figure 4A-C). Immunohistochemistry of
collagen type Ⅲ showed that collagen fibers were
increased at the basement membrane and mucosal
stroma when compared with non-pathologic mucosa
(Figure 4D and E). In contrast, immunohistochemistry
of collagen type Ⅳ showed that collagen fibers were
increased at the basement membrane alone when

The effect of PPIs was examined by using CT26 mouse
colon cancer cells treated with pantoprazole and/or
[14]
alkaline media
(Figure 1). PPI treatment did not
affect cell proliferation of CT26 cells regardless of
glucose concentration (Figure 1A). In contrast, alkaline
media suppressed cell proliferation at 100 and 450
mg/dL glucose concentrations (Figure 1B). When
treated with PPI and alkaline media together, cell
proliferation in 0 and 450 mg/dL glucose concentrations
was suppressed more than in 100 mg/dL glucose

WJG|www.wjgnet.com

+

We confirmed the expression of Na -H exchanger
(solute carrier family 9, member A2; SLC9A2), a
pharmacological target of PPIs (Figure 3A). SLC9A2
expression was not affected by treatment with PPI
or alkaline media. Expression of transforming growth
factor (TGF) β and fibroblast growth factor (FGF) 2 was
increased by treatment with PPI or alkaline media.
TGF-β and FGF2 are known to stimulate collagen[14]
producing fibroblasts . In contrast, expression of
replication factor C1 (RFC1 orAlp145), a negative
[15]
regulator of collagen expression , was downregulated
by treatment with PPI or alkaline media. Compared to
other collagen types, mRNA expression of type Ⅲ and
Ⅳ collagen was increased in CT26 cells treatment with
PPI or alkaline media (Figure 3B-D).
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Cell growth (%)

A

140
120

Table 2 Expression of collagen Ⅲ and Ⅳ in collagenous
colitis

100

Case no.

80

1
2
3
4
5
6
7
8
9
10
11

60
40
20
0
Glc        0          100        450          0         100        450
                                                               PPI

B

b

140

Cell growth (%)

120

79
71
87
26
80
78
80
45
67
59
77

Sex

PPI

F
F
F
F
M
M
F
M
M
F
F

+
+
+
+
+
+
-

Expression
Collagen Ⅲ

Collagen Ⅳ

++
+++
++
+++
+++
+++
++
+
++
+
++

++
++
++
++
+
++
+
++
+
++
++

PPI: Proton pump inhibitor.

b

100
80

Table 3 Expression of collagen type Ⅲ and Ⅳ in proton pump
inhibitor-asscoiated collagenous colitis

60
40

n
Age
M:F
Collagen
Type Ⅲ
Type Ⅳ

20
0
Glc        0          100        450          0         100        450
                                                              pH8.0

C

Age

120

b

PPI (+)

PPI (-)

P value

6
70.2
2:4

5
65.6
2:3

NS
NS

2.67 ± 0.52
1.83 ± 0.41

1.6 ± 0.55
1.6 ± 0.55

0.0089
NS

PPI: Proton pump inhibitor.

Cell growth (%)

100
b

80

especially lansoprazole, are recognized to be asso
[5]
ciated with onset of collagenous colitis . Thus, the
mechanism of this association is a focus of studies on collagenous colitis. In the present study, we
examined the direct effect of PPIs on colonocytes, as
well as the effect of increased pH of colonic contents.
We confirmed that the expression of the SLC9A2
+
+
Na -H exchanger is a target of PPIs in the colonocytes.
PPIs did not affect CT26 cell growth but alkaline
conditions did suppress cell growth. Growth suppression
of colonocytes might induce retardation of wound
healing causing subsequent persistent inflammation,
immune disturbances, and collagen overproduction.
PPI and alkaline condition caused increase of lipid
peroxide with decrease of mitochondrial volume.
Inhibition of proton efflux might induce acidic altera
tion of the cytoplasm, which might affect oxidative
phosphorylation in mitochondria. Monitoring of mito
chondrial function, ATP production and mitochondrial
voltage are needed to conclude the effect of PPI on
oxidative stress.
PPI and alkaline condition decreased the expression
of RFC1, which is a negative regulator of collagen
[16]
gene expression . We then examined the alteration
of expression of collagen type Ⅰ, Ⅲ, Ⅳ and Ⅵ. Only
collagen type Ⅲ and Ⅳ showed increase of mRNA
levels in cells treated with PPI or alkaline conditions. In
colon biopsy specimens of collagenous colitis patients,
the amounts of type Ⅲ and type Ⅳ collagens were

60
40
20
0
Glc              0                        100                      450
                                     PPI + pH8.0

Figure 1 Effect of proton pump inhibitor and/or alkaline pH on CT26 cell
growth. Cell growth of CT26 cells was examined in different concentration of
glucose (Glc) concentration (0, 100, 450 mg/dL). A: Pantoprazole (10 μg/mL)
treatment (PPI); B: DMEM-pH8.0 treatment (pH 8.0); and C: Treatment with
PPI and alkaline media (pH 8.0). Error bar, SD calculated from 3 independent
experiments by Student's t-test. PPI: Proton pump inhibitor. bP < 0.001.

compared with non-pathologic mucosa.
Finally, expression of collagen type Ⅲ and Ⅳ was
compared in 11 collagenous colitis patients (Tables 2
and 3). The levels of collagen type Ⅲ were increased
in PPI-associated collagenous colitis whereas levels
of collagen type Ⅳ were not different between PPIassociated and non-PPI-associated collagenous colitis.

DISCUSSION
Collagenous colitis is an increasingly common micro
[1]
scopic colitis . Recently proton pump inhibitors,

WJG|www.wjgnet.com
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200

150
4HNE (%)

B

b

150
b

b

4HNE (%)

A

100

50

0
Glc        0          100        450          0         100        450
                                                               PPI

b

b

100

50

0
Glc        0          100        450          0         100        450
                                                             pH8.0

C

D

120

b

Fluorescence (%)

100

Control

b

80
60
40
20

PPI

0
Glc              0                        100                      450
                                     PPI + pH8.0

pH8.0

Figure 2 Effect of proton pump inhibitor and/or alkaline pH on oxidative stress and mitochondria volume. A and B: Levels of 4-hydroxynonenal (4HNE)
was measured by ELISA. Relative quantities were designated (Glucose 100 mg/dL without PPI or pH8.0 is set to 100%); C: Mitochondrial volume was examined
by Mitogreen staining; D: The fluorescence strength of Mitogreen (Strength in cells treated with glucose 0 mg/dL is set to 100%). Error bar, SD calculated from 3
independent experiments by Student's t-test. PPI: Proton pump inhibitor. bP < 0.001.

8.0

B

pH

PPI

Co

ntr

ol

A

        Control                       pH8.0                           PPI
Glc

SLC9A2

COL1

TGFb

COL3

FGF2

COL4

RFC1

COL6

GPDH

140

Expression (%)

120

GPDH

COL4

a

a

a

a

a

100

D

80
60
40

120

a

COL3

a

a

a

100
Expression (%)

C

100       0       450      100       0       450      100       0       450

80
60
40

20

20

0
Glc     0   100 450    0   100  450    0   100  450
                                 pH8.0              PPI

0
Glc     0   100 450    0   100  450    0   100  450
                                 pH8.0              PPI

Figure 3 Expression of collagen and collagen-associated genes in CT26 cells. A: Expression of Na+-H+ exchanger gene (SLC9A2) and collagen-associated
genes was examined by RT-PCR in CT26 cells treated with PPI or alkaline media. Glyceraldehyde 3-phosphate dehydrogenase (GPDH) served as an internal control;
B: Expression of collagen type Ⅰ, Ⅲ, Ⅳ and Ⅵ in CT26 cells treated with PPI or alkaline media; C and D: The expression of collagen type Ⅰ, Ⅲ, Ⅳ and Ⅵ in CT26
cells was semi-quantitated. Expression in cells without treatment in 100 mg/dL glucose concentration was set to 100% as a reference. Asterisk shows significant
difference from the reference. Error bar, SD calculated from 3 independent experiments by Student's t-test. PPI: Proton pump inhibitor.

WJG|www.wjgnet.com

1590

March 7, 2017|Volume 23|Issue 9|

Mori S et al. PPI induces-collagen expression in colonocytes

A

100 μm

HE

B

C

100 μm

100 μm

Azan

D

E

Type Ⅲ collagen
100 μm

F

100 μm

Non-colitic mucosa

Colitic mucosa

G

Type Ⅳ collagen
100 μm

100 μm

Figure 4 Expression of collagen type Ⅲ and Ⅳ in colonic mucosa of collagenous colitis patients. A-C: Histopathological appearance of colonic
mucosa in collagenous colitis patients. Thickened basement membrane at the covering epithelium was observed in HE (A) and Azan (B and C) staining; D-G:
Immunohistochemistry of collagen type Ⅲ (D and E) and type Ⅳ (F and G) in non-pathologic mucosa (D and F) and collagenous colitis mucosa (E and G).

increased. Type Ⅲ collagen was increased in the
basement membrane and mucosal stroma, whereas
type Ⅳ collagen was increased only in the basement
membrane. Type Ⅳ collagen is a major component
[17]
of basement membrane collagens . The expression
level of type Ⅲ collagen in PPI-associated patients was

WJG|www.wjgnet.com

higher than in non-PPI-associated patients. These
discrepancies between our data and Aigner’s report
might be due to differences in the pathogenesis of
collagen disease or due to the influence of PPIs.
We examined pantoprazole in this study. To deter
mine the significance of lanzoprazole in occurrence of
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Peer-review

collagenous colitis, we examine several kinds of PPIs
in future. NSAIDs are also associated with collagenous
colitis in cases. The mechanism is also examined to
compare with that of PPIs.
In our data, PPI and alkaline condition increased
the expression of TGF-β and FGF2, which are well
[15]
known fibrosis-inducing factors . We focused on
the direct effect of PPI in colonocytes; however, stro
mal cells, such as fibroblasts are also involved in
[5]
collagen production in collagenous colitis . Our results
suggest that PPIs induce fibroblast-mediated collagen
production via stimulation of colonocyte secreting
TGF-β and FGF2.
In the literature, alteration of gut flora is relevant
for development of collagen colitis; clostridium, in par[18-20]
ticular, is associated with the disease
. Reduction of
acidity in colonic contents by PPIs activates clostridium
[10]
virulence . The flora alteration might induce collagen
production in the colonic mucosa. Anaerobic bacteria, including clostridium, induce TGF-β expression in
colonocytes, which enhances collagen deposition in
[21]
the colonic wall . The TGF-β induction is caused by
[22]
activation of the mucosal immunity . Interleukin-13
increase in the inflammatory mucosa is reported to
[23]
activate TGF-β expression . Alkaline conditions might
also affect gut flora, whose imbalance is regarded as
important in causing collagenous colitis.
These findings suggest that collagen production and
expression of collagen producing factors are directly
stimulated by PPIs and PPI-induced alkaline change of
colonic content. Colonocyte response to these factors
might contribute to the pathogenesis of collagenous
colitis.

Interesting paper on possible mechanism for lanzoprazole associated
collagenous colitis. It would be very interesting to evaluate other PPIs, such as
omeprazole (a much rarer association with collagenous colitis), as well as with
other agents (e.g., non-steroidal antiinflammatory drugs) to determine if this
mechanism is shared with other agents.
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Abstract
AIM
To examine the role of microRNA 1181 (miR-1181) in
invasion and proliferation in pancreatic cancer.
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METHODS
We analyzed the expression of miR-1181 in several
pancreatic cancer cell lines and generated stable
MIA-PaCa-2 and PANC-1 cell lines with up-regulated
miR-1181 expression using an adenovirus delivery
system. We then investigated miR-1181’s effect on
invasion and proliferation of pancreatic cancer cells by
transwell assay, wound healing assay, cell counting
kit-8 assay and colony-forming assay, and explored
any underlying mechanisms by western bolt. Beyond
that, we observed the change of the PANC-1 cell’s
cytoskeleton by immunofluorescence staining.
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RESULTS
Our data showed that miR-1181 was relatively downregulated in pancreatic cancer cell lines compared with
normal pancreatic ductal epithelial cells. And miR-1181
inhibited the migration, invasion and proliferation
activities of MIA-PaCa-2 and PANC-1 cells. Notably,
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after over-expressing of miR-1181 in PANC-1 cells,
F-actin depolymerized. Immunofluorescence staining
shows decreased F-actin and β-tubulin expression in
PANC-1 cells over-expressing miR-1181 compared
with the control cells. Furthermore, we found that
over-expressing miR-1181 inhibited the expression
of signal transducer and activator of transcription 3
(STAT3) while knocking-down miR-1181 up-regulated
the expression of STAT3. Knocking-down miR-1181
promoted the invasion and proliferation of pancreatic
cancer cells. And inhibition of STAT3 blocked the
promotion effects of knocking-down miR-1181 on
proliferation and invasion in pancreatic cancer.

Table 1 Primers used in real-time polymerase chain reaction
Gene name
GAPDH
STAT3

Sequences (forward and reverse)
F
R
F
R

TGACTTCAACAGCGACACCCA
CACCCTGTTGCTGTAGCCAAA
AGTGACCAGGCAGAAGATGC
CTCTTCCAGTCAGCCAGCTC

Key words: Pancreatic cancer; miR-1181; Proliferation;
Invasion; STAT3

dysregulation is implicated in the development and
[6-8]
progression of nearly all tumor types
. Recent
evidence has indicated that some miRNAs can func[9]
tion as tumor suppressors . We previously found
that miR1181 inhibited CSC phenotypes by directly
suppressing SOX2 and STAT3 in pancreatic cancer
[10]
cells . But we have not elucidated miR-1181’s role
on proliferation and invasion of pancreatic cancer cells,
which was important malignant biological behavior
of pancreatic cancer. And CSCs regulator always play
an important role in the process of growth and invasion. As a result, we hypothesized that miR-1181 may
suppress the invasion and proliferation of pancreatic
cancer and explored it.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

CONCLUSION
Together our findings suggest that miR-1181 may
be involved in pancreatic cancer cell invasion and
proliferation by targeting STAT3 and indicate that
miR-1181 may be a potential therapeutic agent for
pancreatic cancer.

Cell lines and cultures

Core tip: We found that miR-1181 may be involved
in pancreatic cancer cell invasion and proliferation
by targeting signal transducer and activator of tran
scription 3. Our findings suggest that miR-1181 may be
a potential therapeutic agent for pancreatic cancer.

The HPDE, BxPC-3, AsPC-1, MIA-PaCa-2 and PANC-1
cell lines were purchased and authenticated though
STR typing from ATCC. MIA-PaCa-2 and PANC-1
cells were grown in DMEM medium (Gibco, NY,
United States) supplemented with 10% fetal bovine
serum (Gibco), 100 U/mL penicillin G and 100 µg/ml
streptomycin (Sigma, MO, United States) at 37 ℃ in
a humidified 5% CO2 incubator. HPDE, BxPC-3 and
AsPC-1 cells were grown in 1640 medium (Gibco)
supplemented with 10% fetal bovine serum, 100 U/mL
penicillin G and 100 µg/ml streptomycin at 37 ℃ in a
humidified 5% CO2 incubator.

Wang J, Guo XJ, Ding YM, Jiang JX. miR-1181 inhibits invasion
and proliferation via STAT3 in pancreatic cancer. World J
Gastroenterol 2017; 23(9): 1594-1601 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1594.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1594

RNA preparation and real-time PCR

INTRODUCTION

Harvesting, tissue processing, and reactions were
conducted according to standard procedures. RNA
was reverse-transcribed to cDNA using the ReverTra
Ace qPCR RT Kit (TransGen, China). Quantitative
real-time PCR was performed using the SYBR Green
Realtime PCR Master Mix (TransGen), according to the
manufacturer’s instructions; and primers were shown
in Table 1.

Pancreatic cancer is a highly lethal disease, with a
mortality that closely parallels incidence. Most patients
with pancreatic cancer remain asymptomatic until the
disease reaches an advanced stage. Surgical resection
is currently regarded as the only potentially curative
[1-3]
treatment . Therefore, there is an urgent need to
design novel strategies for achieving better treatment
outcome in pancreatic cancer patients. High invasion
and rapid proliferation are the two main features
[4]
of pancreatic cancer tumors . Understanding the
molecular mechanisms that collaboratively regulate
pancreatic cancer cell invasion and proliferation is
expected to provide new insights into the development
of novel and effective therapies for pancreatic cancer.
MicroRNAs (miRNAs) are noncoding 17- to
25-nucleotide-long RNAs that posttranscriptionally
[5]
regulate the expression of multiple genes . miRNA

WJG|www.wjgnet.com

Generation of stable cell lines

We purchased human miR-1181 over-expressing (miR1181U), knocking-down (miR-1181D) and negativecontrol (NC) adenovirus from Genechem (Shanghai,
China). All transfections were carried out according to
manufacturers’ instructions.

In vitro invasion and migration assays

Transwell assay: Cell invasion and migration were
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assessed using 24-well Corning Costar inserts with
8-µm pores. The upper surface of each insert was
coated with Matrigel (BD, NJ, United States; diluted 1:
5
8) for 6 h in an incubator. Cells (1 × 10 ) were added
to upper chambers and incubated at 37 ℃; migration
was assessed at 12 h and invasion at 24 h. Nonmigrating and non-invading cells were removed with
cotton buds from the top chambers. Cells remaining
in bottom chambers were fixed with 100% methanol,
stained with 0.1% crystal violet in 2% ethanol, and
quantified visually in nine random fields using brightfield optics. Experiments were performed in triplicate
and data are reported as mean ± SD of cell numbers.

negative control #22 (NC) (Ribobio, Guangzhou, China)
was performed using Lipofectamine 2000 reagent
(Invitrogen, NY, United States). Transfection complexes
were prepared according to the manufacturer’s
instructions. All transfections were carried out according
to manufacturers’ instructions.

Western blot analysis

Polyvinylidene difluoride membranes containing
electrophoretically separated proteins from PANC-1
and MIA-PaCa-2 cells were incubated with rabbit
anti-STAT3 (CST, United States; 1:200), rabbit antip-STAT3 (CST, United States; 1:200), and mouse
anti-GAPDH (Boster), followed by incubation with
peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (CST; 1:2000) and visualized by enhanced
chemiluminescence (Boster).

6

Wound healing assay: Cells (5 × 10 per well)
were cultured in 6-well plates for 24 h. Cell layers
were subsequently scratched with sterile plastic tips,
washed with PBS twice, cultured for 24 h with medium
containing 1% FBS, and photographed under an
Olympus BX51 microscope.

Statistical analysis

All values are presented as means ± SD. Significant
differences were determined using SPSS 17.0 software
(SPSS, Chicago, IL, United States). Student’s t-test
was used to determine statistical differences. P < 0.05
was considered significant.

Immunofluorescence

Cells grown on coverslips were incubated overnight
at 4 ℃ with primary antibody against β-tubulin (CST;
1:100), followed by incubation for 45 min at 37 ℃
with CY3-conjugated goat anti-rabbit antibody (Boster,
Wuhan, China). F-Actin distribution was detected using
rhodamine phalloidin (Sigma-Aldrich) according to the
manufacturer’s protocol. Slides were counterstained
with DAPI to visualize the cell nuclei, photographed
using a LEICA LCSSP2 confocal laser scanning
microscope and analyzed by ZEN 2009 (Carl Zeiss,
Baden-Wurttemberg, Germany).

CCK-8 assay

RESULTS
miR-1181 expression in pancreatic cancer cell lines

We first analyzed the expression of miR-1181 in several
pancreatic cancer cell lines, including MIA-PaCa-2,
BxPC-3, AsPC-1 and PANC-1, by qRT-PCR (Figure 1A).
We found that the expression level of miR-1181 is
downregulated in pancreatic cancer cell lines compared
with levels in the human pancreatic duct epithelial
(HPDE) cell line. We therefore generated stable MIAPaCa-2 and PANC-1 cell lines with up-regulated
miR-1181 expression using an adenovirus delivery
system. Up-regulated miR-1181 (miR-1181U) was
verified by PCR analyses (Figure 1B and C).

4

Cells were seeded in 96-well culture plates (2 × 10
cells/100 µL/well) and grown in the incubator. We then
added 10 µL of CCK-8 (Dojindo, Tokyo, Japan) solution
to each well. Plates were incubated for 1 h in the
incubator and the absorbance was monitored at 450
nm using a microplate reader.

miR-1181 inhibits pancreatic cancer cell migration and
invasion

Colony-forming assays

To examine whether up-regulated miR-1181 affect
MIA-PaCa-2 and PANC-1 cell migration, we performed
transwell assays to examine whether miR-1181 affect
MIA PaCa-2 and PANC-1 cell migration and invasion.
We found that over-expression of miR-1181 inhibited
MIA-PaCa-2 and PANC-1 cell migration and invasion
(Figure 2A-F). We next performed wound healing
assays. Our results showed that overexpression of
miR-1181 inhibited both MIA-PaCa-2 and PANC-1 cell
migration (Figure 2G-J). As expected, knockdown
of miR-1181 resulted in suppressed invasiveness of
MIA-PaCa-2 and PANC-1 cells. Together these data
indicate that miR-1181 inhibits migration and invasion
of MIA-PaCa-2 and PANC-1 cells in vitro. Notably, after
over-expressing of miR-1181 in PANC-1 cells, F-actin
depolymerized. Immunofluorescence staining shows

Cells were isolated by Trypsin-EDTA and seeded into
3
6-well plates at 1 × 10 cells per well in a final volume
of 2 mL culture media. Cells were allowed to grow
at 37 ℃ for 1 wk. After three washes with PBS, cells
were fixed with 4% paraformaldehyde for 20 min
and stained with 0.1% crystal violet for 30 min. Total
colonies were counted from seven random fields under
the microscope. Assays were repeated at least three
times.

siRNA transfection

We purchased siRNAs from RiboBio (Guangzhou,
China). Cells were seeded in 6-well plates at 50%
confluence without antibiotics on the day before
transfection. Transfection with si-STAT3 or miRNA

WJG|www.wjgnet.com
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Relative miR-1181 expression

A

performed CCK-8 assays and colony forming assays.
Our results showed that over-expression of miR-1181
inhibited MIA-PaCa-2 and PANC-1 cell proliferation
in both CCK-8 assays (Figure 3A and B) and colonyforming assays (Figure 3C-F).
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miR-1181 inhibits invasion and proliferation via STAT3 in
human pancreatic cancer cells
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We previously found that miR-1181 directly targets
STAT3 and inhibits STAT3 transactivity. It was found
that STAT3 activation may promote the progression of
pancreatic cancer. Thus, we next examined whether
miR-1181 promoted pancreatic cell invasion and
proliferation though the STAT3 pathway. Firstly, we
found that over-expressing miR-1181 inhibited the
expression of STAT3 and p-STAT3 while knockingdown miR-1181 up-regulated the expression of STAT3
and p-STAT3 in western blot assay (Figure 4A). Next
we generated stable MIA-PaCa-2 and PANC-1 cell lines
with knocked-down miR-1181 expression using an
adenovirus delivery system. We transfected knockeddown miR-1181 MIA-PaCa-2 and PANC-1 cells with
siRNA targeting STAT3 and examined cell proliferation
and invasion (Figure 4C-J). Our results showed that
inhibition of STAT3 by siRNA blocked the promotion
effects of knocking-down miR-1181 on proliferation
and invasion.
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This study demonstrated that miR-1181 expression
is markedly downregulated in pancreatic cancer cells
and that upregulation of miR-1181 could suppress the
invasion and proliferation of pancreatic cancer cells.
Moreover, our results suggest that miR-1181 inhibits
invasion and proliferation through targeting STAT3
in pancreatic cancer cells. In conclusion, our results
indicate that miR-1181 plays an important role in
suppressing invasion and proliferation in pancreatic
cancer though targeting STAT3.
The Janus kinase (JAK)-signal transducer and
activator of transcription (STAT) pathway was originally
discovered in the context of interferon-α (IFNα)-,
IFNγ- and intereukin-6 (IL-6)-mediated downstream
[11]
signaling pathways . Among the seven members of
the STAT protein family, STAT3 and STAT5 are the most
[12,13]
important for cancer progression
. Although both
STAT3 and STAT5 contribute to tumor cell proliferation
and survival, a notable feature of STAT3 as a promising
target for cancer therapy is that it also has a crucial
role in stromal cells, including immune cells, which are
recruited to the tumor microenvironment to promote
tumor progression. Importantly, STAT3 activation
also functions as a potent immune checkpoint for
multiple anti-tumor immune responses. Evidence
continues to accumulate that STAT3 activation is a
[14-17]
promising molecular target for cancer therapies
.
The STAT3 signaling pathway is especially important
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Figure 1 miR-1181 was downregulated in pancreatic cancer cell lines.
A: MiR-1181 expression was evaluated in pancreatic cancer cell lines and
HPDE cells by PCR, aP < 0.05; B: Confirmation of miR-1181 upregulation in
PANC-1 stable cell lines compared with negative control (NC) cells by PCR;
C: Confirmation of miR-1181 upregulation in MIA-PaCa-2 stable cell lines
compared with NC cells by PCR, bP < 0.01. BC: Blank control.

decreased F-actin and β-tubulin expression in PANC-1
cells over-expressing miR-1181 compared with the
control cells (Figure 2K).

miR-1181 inhibits pancreatic cancer cell proliferation

To examine whether miR-1181 expression affected
MIA-PaCa-2 and PANC-1 cells proliferation, we next
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Figure 2 miR-1181 inhibited pancreatic cancer cell migration and invasion. A: Indicated PANC-1 cells were subjected to transwell assays and relative migration
and invasion capability was quantitative analyzed (B and C), aP < 0.05; D: Indicated MIA-PaCa-2 cells were subjected to transwell assays and relative migration and
invasion capability was quantitative analyzed (E and F), aP < 0.05; G and I: Indicated PANC-1 and MIA-PaCa-2 (H and J) cells were subjected to wound-healing
assays and quantitative analyzed, aP < 0.05, bP < 0.01, eP < 0.001; K: Immunofluorescence staining shows decreased F-actin and β-tubulin expression in PANC-1
cells over-expressing miR-1181 compared with the blank control and negative control (NC) cells.
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Figure 3 MiR-1181 inhibited pancreatic cancer cell proliferation. Indicated PANC-1 (A) and MIA-PaCa-2 (B) cells were subjected to CCK-8 assays, aP < 0.05.
Negative control (NC) cells were used as control. aP < 0.05; C: Indicated PANC-1 cells were subjected to colony forming assays and quantitative analyzed (D), eP <
0.001; E: Indicated MIA-PaCa-2 cells were subjected to colony forming assays and quantitative analyzed (F), aP < 0.05.
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Figure 4 miR-1181 inhibits invasion and proliferation via STAT3 in pancreatic cancer cells. A: Indicated cells were subjected to Western blot assay to detect
STAT3 and p-STAT3 expression; B: We designed 3 siRNA targeted STAT3 and verified by PCR, aP < 0.05; C: Indicated PANC-1 cells were subjected to CCK-8
assays, cP < 0.05; D: Indicated MIA-PaCa-2 cells were subjected to CCK-8 assays, aP < 0.05; E: Indicated PANC-1 cells were subjected to transwell assays and
relative migration and invasion capability was quantitative analyzed (F and G), eP < 0.001, fP < 0.001; H: Indicated MIA-PaCa-2 cells were subjected to transwell
assays and relative migration and invasion capability was quantitative analyzed (I and J), eP < 0.001, fP < 0.001.

for various aspects of neoplasia, including proliferation,
drug resistance, and survival of cancer cells through
[18-20]
constitutive phosphorylation of STAT3
. Although
numerous STAT3 inhibitors have been developed,
and several STAT3 inhibitors have completed Phase Ⅰ
/Ⅱ clinical trials, targeting STAT3 as a cancer therapy
remains frustratingly elusive compared to targeting
[18,21,22]
RTKs
. Numerous inhibitors for specific targets in
signaling pathways have been applied in clinical use,
but the success of these targeted cancer therapies
has been limited by the development of resistance to
these inhibitors. Therefore, there is an urgent demand
to reassess the ongoing strategies to develop clinically
useful drugs.
We previously found that miR-1181 inhibited stem
ness and tumorigenicity via targeting STAT3 and SOX2.
Another study demonstrated that miR-1181 promoted
mesenchymal-epithelial transition in ovarian cancer cells
and its expression was significantly downregulated by
[22]
ARK5 .
In conclusion, here we found that miR-1181 may

WJG|www.wjgnet.com

be involved in pancreatic cancer cell invasion and
proliferation by targeting STAT3. Our findings suggest
that miR-1181 may be a potential therapeutic agent
for pancreatic cancer.
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Abstract
AIM
To explore whether copy number variations (CNVs)
of toll-like receptor 7 (TLR7 ) are associated with
susceptibility to chronic hepatitis B virus (HBV)
infection.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: The authors have no conflicts
of interest to report.

METHODS
This study included 623 patients (495 males and 128
females) with chronic hepatitis B virus infection (CHB)
and 300 patients (135 females and 165 males) with
acute hepatitis B virus infection (AHB) as controls.
All CHB patients were further categorized according
to disease progression after HBV infection (CHB,
liver cirrhosis, or hepatocellular carcinoma). Copy
numbers of the TLR7 gene were measured using the
2
AccuCopy method. χ tests were used to evaluate the
association between TLR7 CNVs and infection type.
P values, odds ratios, and 95% confidence intervals
(CIs) were used to estimate the effects of risk.

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at aaylixu@
qq.com. Participants gave informed consent for data sharing.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/

RESULTS
Among male patients, there were significant
differences between the AHB group and CHB group
in the distribution of TLR7 CNVs. Low copy number
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of TLR7 was significantly associated with chronic
HBV infection (OR = 0.329, 95%CI: 0.229-0.473, P
< 0.001). Difference in TLR7 copy number was also
found between AHB and CHB female patients, with
low copy number again associated with an increased
risk of chronic HBV infection (OR = 0.292, 95%CI:
0.173-0.492, P < 0.001). However, there were no
significant differences in TLR7 copy number among
the three types of chronic HBV infection (CHB, liver
cirrhosis, or hepatocellular carcinoma). In addition,
there was no association between TLR7 copy number
and titer of the HBV e antigen.

bers of copies of the same DNA sequence. These
may be the result of deletions or duplications and
insertions, and they typically cover about 15% of
the human genome in each individual. CNVs are a
common source of variation in the human genome
and are known to play an important role in complex
genetic diseases. In addition to affecting the copy
[8,9]
number (CN) of a DNA sequence , CNVs may affect
gene expression through dosage and position effects,
which may further influence an individual’s disease
[9-11]
susceptibility and progression
. In humans, CNVs
have so far been identified as a hereditable source of
susceptibility to complex diseases such as systemic
lupus erythematosus (SLE), type 1 diabetes, HBV
[8,12]
infection, and Alzheimer’s disease
.
Toll-like receptors (TLRs) function as critical
pattern recognition receptors (PRRs). TLRs recognize
foreign pathogens as well as necrosis of endogenous
substances, and play a role in both the innate and
[13-15]
acquired immune responses
. TLRs are widely
expressed in various tissues, with individual receptors
exhibiting specific cell distributions. TLR7 is a highly
[16,17]
conserved gene on the X chromosome
, and its
product is expressed primarily in dendritic cells (pDC),
B cells, and macrophages. TLR7 recognizes singlestranded RNA through the MyD88-dependent signa
ling pathway, inducing pro-inflammatory factors and
the production of type Ⅰ interferon to mediate the
body’s non-specific immune response. Activation of
TLR7 initiates downstream signaling cascades through
transcription factors such as interferon regulatory
factor 7. This induces production of pro-inflammatory
cytokines and chemokines, which are involved in
various HBV infection outcomes, including spontaneous
clearance and viral persistence. The role of TLR7 CNVs
in the outcome of HBV infection has not yet been
investigated. In the present study, we categorized the
groups according to gender, analyzed the TLR7 CNVs,
and found that there is indeed an association between
the CN of the TLR7 gene and genetic susceptibility to
chronic HBV infection.

CONCLUSION
Low TLR7 copy number is a risk factor for chronic
HBV infection but is not associated with later stages of
disease progression.
Key words: Toll-like receptor 7; Hepatitis B virus; Copy
number variations; Gene susceptibility
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Differences in patient genetic backgrounds
may influence the quality of the immune response and
may result in different hepatitis B virus (HBV) infection
outcomes. Toll-like receptor 7 (TLR7 ) is involved in
the sensing of viruses and priming of the subsequent
immune response. We investigated the association
between copy number at the TLR7 locus and genetic
susceptibility to chronic HBV infection. Comparison
of individuals with chronic and acute HBV revealed
that low TLR7 copy number was associated with
chronic but not acute HBV in both males and females,
though it was not associated with subsequent disease
progression.
Li F, Li X, Zou GZ, Gao YF, Ye J. Association between TLR7
copy number variations and hepatitis B virus infection outcome
in Chinese. World J Gastroenterol 2017; 23(9): 1602-1607
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v23/i9/1602.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i9.1602

MATERIALS AND METHODS
Subjects

A total of 923 Han Chinese individuals with HBV infe
ction were enrolled in this study from 2010 to 2015.
Following recruitment, all subjects gave informed
consent for genetic analysis. Among the patients, 623
(495 males and 128 females) suffered from chronic
HBV (CHB) infection. The remaining 300 (135 females
and 165 males) were individuals with acute, selflimiting HBV (AHB) clearance and served as the control
group. Average ages were 44.41 ± 15.32 years in
the CHB group and 45.26 ± 15.54 years in the AHB
group. All CHB patients fulfilled the diagnostic criteria
of being positive for hepatitis B surface antigen (HBsAg)
for a period of at least 6 mo, with serum HBV DNA
level > 1000 copies/mL. AHB patients were positive

INTRODUCTION
The outcome of hepatitis B virus (HBV) infection is
influenced by not only the virus but also the host’s
immune response and genetic diversity, including
single nucleotide polymorphism (SNPs) and gene copy
[1-3]
number variants (CNVs) . Many studies support the
idea that host genetic susceptibility plays an important
[4]
role in determining the outcome of HBV infection .
Previous studies have shown that several SNP sites
are associated with the development of chronic HBV
[5-7]
infection and the progression of disease .
CNVs arise when individuals carry different num
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Table 1 Forward and reverse primers of TLR7 target segments
Probe

Chromosome

Location
1
(ref 37 database)

Amplification length
2
(sample, competitive)

Primer binding region 1

Primer binding region 2

ChrX
ChrX

12885611-12885868
12905987-12906102

285 (+0, -2)
143 (+0, -2)

GGGCCCATCTCAAGCTGATCT
GCACCTGTGATGCTGTGTGGTT

TAATGAAGGGGGCATGTCACAA
AGCACACAAGGGCCAAAGTGTG

TLR7-2
TLR7-3
1

GRCH37 primary reference assembly; 2Sample: Sample DNA; Competitive: Competitive DNA.

and reference segments were first mixed with a
defined amount of genomic DNA from each patient and
then subjected to multiplex fluorescence competitive
PCR amplification, which simultaneously amplified all
reference and target segments from both the sample
DNA and competitive DNA using multiple fluorescencelabeled primer pairs.
Thermal cycling conditions for multiplex competi
tive PCR amplification were based on the manufac
turer’s instructions. PCR products were diluted 20-fold
before being loaded on to an ABI 3130XL (Applied
Biosystems, Carlsbad, CA, United States) genetic
analyzer for capillary electrophoresis. Raw data were
analyzed by GeneMapper 4.0 (Applied Biosystems),
and height data for all specific peaks were exported
into a Microsoft Excel file where the peak ratio of
sample DNA to competitive DNA (S/C) for each
segment was calculated. After normalization using the
reference segment’s peak ratio, the CN ratio of each
target segment to the reference was determined by
the target’s peak ratio divided by the reference’s peak
ratio.

Table 2 Baseline characteristics of study patients

AHB
CHB
LC
HCC

n

Males/females

Age (yr)

95%CI

300
253
248
122

165/135
198/55
196/52
101/21

45.26 ± 15.54
33.98 ± 12.07
50.26 ± 13.29
53.72 ± 12.50

43.94-47.03
32.49-35.48
48.60-51.92
51.48-55.96

Comparison of age among groups: F = 83.216, P < 0.01; comparison of
sex among groups: χ 2 = 60.296, P < 0.01. AHB: Acute hepatitis B virus
infection; CHB: Chronic hepatitis B virus infection; LC: Liver cirrhosis;
HCC: Hepatocellular carcinoma.

for hepatitis B surface antibody and hepatitis B core
antibody but negative for HBsAg, and had no history
of HBV vaccination. AHB controls were age-matched
with CHB cases (t = 0.823, P > 0.05). The 623 CHB
patients were further classified according to disease
progression: 253 patients had CHB only, 248 had liver
cirrhosis (LC), and 122 had hepatocellular carcinoma
(HCC). None of these patients had received anti-HBV
therapy or had overlapping infections of hepatitis
A, C, D, E, or G. CHB patients were also free from
drug-induced hepatitis, alcoholic liver disease, fatty
liver disease, and pregnancy. All of them have given
consent for this study.

Statistical analysis

The distributions of TLR7 CNs were compared between
2
CHB patients and AHB control subjects using χ test.
P values, odds ratios (ORs), and 95% confidence
intervals (CIs) were estimated using SPSS version 16.0
for Windows (SPSS Inc., Chicago, IL, United States).

DNA extraction

Peripheral blood was collected from all subjects in
vacuum blood tubes containing EDTA-K2. Genomic
DNA was isolated from 2 mL whole blood using a
Qiagen kit according to the manufacturer’s instructions
(Qiagen, Hilden, Germany) and was stored at -20 ℃
before CNV detection.

RESULTS
Sample demographics

TLR7 gene CNs were analyzed and quantified in
triplicate in 623 Chinese CHB patients and 300 Chinese
AHB patients. Baseline patient characteristics are
shown in Table 2. While there were no significant age
differences between AHB and CHB patients (including
CHB, LC and HCC groups) (t = 0.823, P = 0.944 >
0.05), there was a difference if the CHB group was
divided into CHB, LC and HCC groups (F = 83.216, P <
0.01).

Quantification of copy number at the TLR7 locus using
AccuCopy assay

CNs of the TLR7 gene were measured using the
AccuCopy method (Genesky Biotechnologies Inc.,
Shanghai, China). The basic molecular principle
of AccuCopy’s competitive PCR amplification was
[18]
illustrated by Du et al . Forward and reverse primers
of target segments are listed in Table 1.
Competitive DNAs for the two references and 12
target segments were designed and synthesized as
double-stranded DNA by Genesky Biotechnologies.
Sequences of synthesized competitive DNAs were
identical to their reference sequences in the human
reference genome except for an introduced 2-bp
deletion. The synthesized competitive DNAs for target

WJG|www.wjgnet.com

Frequency distribution of TLR7 gene copy number

A reference category was chosen based on the median
TLR7 CN obtained in the female and male control
groups (CN = 2 for females and CN = 1 for males),
[19]
as previously described . Based on the reference
category, the risk of disease progression associated
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Table 3 Estimated risk of TLR7 copy number in the develop
ment of chronic hepatitis B virus infection
Gender

CN

Male

<1
>1
<2
>2

Female

Chronic group Acute group OR
337
158
96
32

68
97
63
72

95%CI: P value

0.33

0.23-0.47

< 0.001

0.29

0.17-0.49

< 0.001

CN: Copy number.

A

400

Frequency distribution of TLR7
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350

250
200

CHB

LC

HCC

χ2

P value

Male

<1
>1
<2
>2

137
61
39
16

137
59
42
10

63
38
15
6

1.923

0.382

1.557

0.459

Female

Frequency distribution of TLR7

CN

CN: Copy number; CHB: Chronic hepatitis B virus infection; LC: Liver
cirrhosis; HCC: Hepatocellular carcinoma.

100
50

90

68

Acute group                    Chronic group

χ 2 = 22.063, P = 0.000

80
70
60

97

96

< 2 copy
> 2 copy

72
63

50
40

32

30
20
10

Acute group                    Chronic group

Figure 1 Frequency distribution of TLR7 gene copy numbers in male and
female patients. The chronic group includes patients with chronic hepatitis B
viral hepatitis, liver cirrhosis, and hepatocellular carcinoma. A: Male patients; B:
Female patients.

A

300
250

Frequency distribution of TLR7

B

The disease spectrum of HBV infection ranges from
acute HBV infection to chronic HBV carrier to chronic
hepatitis, liver cirrhosis, and HCC. Many studies
have provided evidence to support the idea that
host genetic variation and immunity play important
[20]
roles in determining the outcome of HBV infection .
The gene for Toll-like receptor TLR7 is located on
the X chromosome and so experiences sex-linked
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100

0

with the absolute TLR7 CN was estimated by com
paring cases and controls that were categorized as CN
> 2 or CN ≤ 2 for females and as CN > 1 or CN ≤ 1
for males. The frequency distributions of TLR7 CNs of
the different patient groups are shown in Figure 1.
We examined the single-locus association bet
ween TLR7 CN and susceptibility to chronic HBV
infection. TLR7 CNs were significantly different between
the acute and chronic group in both male and female
2
patients (males: χ = 37.682, P < 0.001; females:
2
χ = 22.063, P < 0.001). As shown in Table 3, low
TLR7 CN was significantly associated with chronic HBV
infection in males (OR = 0.329, 95%CI: 0.229-0.473)
and females (OR = 0.292, 95%CI: 0.173-0.492). We
also compared the TLR7 CN distributions of the CHB,
LC, and HCC groups, but there were no significant
differences among the three groups (Table 4). HBeAg
can play a role of immune regulation which is asso
ciated with the outcome of HBV infection. E antigen
was used as an important index of HBV replication and
infection. We divided patients into two groups according
to e-antigen titers (0-1 IU/mL vs > 1 IU/mL). However,
titer levels did not vary significantly among patient
groups (Figure 2).

158

150

Frequency distribution of TLR7

Gender

B

< 1 copy
> 1 copy

337

300

0

Table 4 Frequency distribution of TLR7 copy number in
chronic hepatitis B virus infection groups

χ 2 = 37.682, P = 0.000

70
60

HBeAg negative                 HBeAg positive

χ 2 = 0.185, P = 0.667

< 2 copy
> 2 copy

62

50
40
30
20
10
0

34
22
10

HBeAg negative                 HBeAg positive

Figure 2 Frequency distribution of TLR7 gene copy numbers in males and
females according to e-antigen titer. Patients were divided into two groups
according to the titer of e antigen: HBeAg negative (0-1 IU/mL) and HBeAg
positive (> 1 IU/mL). A: Male patients; B: Female patients.
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inheritance. Therefore, analysis of TLR7 CNVs sug
gested that the data should be separated according
to gender. TLR7 CNVs have been previously found to
[20]
[21]
be associated with SLE , while Lund et al
found
that TLR7 is involved in the body’s antiviral immune
response. In addition, some researchers believe that
[22]
TLR7 represents a new sensor of viral infections .
However, its role in HBV infection has not been
previously determined. We therefore designed this
study to explore the association between TLR7 CNVs
and chronic HBV susceptibility. In a previous study,
we found that up-regulation of TLR7 is essential for
serological clearance of hepatitis B surface antigen in
HBV infection. The results in the current study revealed
that low TLR7 CNs were significantly associated with
chronic HBV infection in both males and females,
suggesting that elimination of HBsAg is more difficult
with reduced levels of TLR7. This indicates that a
reduction in TLR7 CN is a risk factor for chronic HBV in
[23]
Han Chinese patients. Hui et al found that increased
expression of TLR7 in the recovery phase may be
involved in the clearance of HBsAg in patients with
[19]
CHB. García-Ortiz et al
found that TLR7 mRNA
levels correlated significantly with TLR7 CN, suggesting
that an increase in TLR7 gene dosage results in the
up-regulation of TLR7 mRNA expression in humans
as well as in murine models of lupus. Moreover, Xu
[24]
et al found that PBMCs and pDCs from CHB patients
exhibited diminished capacities to produce IFN-α in
response to TLR7 activation. The fact that TLR7 is
expressed in pDCs rather than in mDCs indicates that
pDCs are potentially involved in fighting against viral
infections. Therefore, reduced expression of TLRs in
pDCs of CHB patients may lead to functional defects,
as demonstrated by diminished production of IFN-α,
resulting in persistent HBV infection. We also found
that the replication system is adapted to generate
high levels of virions without stimulating the innate
immune system. Secreted viral proteins (HBsAg and
HBeAg) suppress innate responses through inhibition
of TLR signaling, which leads to a weak adaptive
immune response with an exhausted phenotype that
[25]
is incapable of inducing viral elimination . Our expe
riment aims to study the relationship between the two
indicators at a gene level. We found no association
between TLR7 copy number and titer of the HBV e
antigen, which implied that there was no correlation at
a gene level between the two indicators.
In conclusion, this was the first study to inde
pendently analyze the relationship between TLR7
CNVs and susceptibility to chronic HBV. Our findings
indicate that low copy numbers of the TLR7 gene
may represent a risk factor for chronic HBV infection.
Further replication and functional studies are necessary
to confirm these results. In particular, as the biological
functions of TLR7 CNVs in HBV infection have not
been fully elucidated, further research is required to
determine the mechanistic basis by which TLR7 CNVs
affect the immune response.
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Abstract
AIM
To determine the clinical characteristics of children with
gastrointestinal bleeding (GIB) who died during the
course of their admission.

Institutional review board statement: The study was reviewed
and approved for publication by our Institutional Reviewer.

METHODS
We interrogated the Pediatric Hospital Information
System database, including International Classification
of Diseases, Current Procedural Terminology and
Clinical Transaction Classification coding from 47
pediatric tertiary centers extracting the population of
patients (1-21 years of age) admitted (inpatient or
observation) with acute, upper or indeterminate GIB
(1/2007-9/2015). Descriptive statistics, unadjusted
univariate and adjusted multivariate analysis of the
associations between patient characteristics and
treatment course with mortality was performed with
mortality as primary and endoscopy a secondary
outcome of interest. All analyses were performed using
the R statistical package, v.3.2.3.
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RESULTS
The population with GIB was 19528; 54.6% were
male, overall mortality was 2.07%; (0.37% in patients
with the principal diagnosis of GIB). When considering
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This deficit hinders the evidence based allocation of
resources and the implementation of standardized
protocols, potentially adversely impacting outcomes
in children.
One of the co-authors, has identified the presence
of > 3 comorbid conditions, presentation to a teaching
hospital, the presence of upper GIB; age under 5
years and health coverage with private insurance as
independent risk factors associated with an increased
[5]
rate of hospital admission with GIB . Hemorrhage
occurred in 0.5% of all discharges from inpatient care,
was more prevalent in males and older than 11 years.
Esophageal and intestinal perforation were identified
as at highest risk of associated mortality, together
accounting for 17% of all patients with GI haemor[6]
rhage and who died .
Disease classification in adult GIB cannot be
extrapolated to the pediatric population. Risk factors
identifiable in adults, foremost amongst which are
age, non-steroidal anti-inflammatory drug, selective
serotonin reuptake inhibitor, aspirin, antiplatelet and
anticoagulant therapy and chronic renal and cardiovas[7]
cular disease, are clearly not applicable to children .
Conversely, the impact of predominantly pediatric and
especially neonatal disease processes (e.g., prematurity) on the risk of GIB remain unknown. This limits
the applicability of pre- and postendoscopic predictive
scoring systems [Rockall, Blatchford (aka Glasgow),
Addenbrooke] to identify patients at high risk (need
for blood transfusion, surgical intervention, rebleeding
and mortality) and those requiring immediate endoscopic intervention as opposed to at low risk who can
[8-10]
be safely discharged
. The Sheffield Scoring system
is, to date the only successful attempt at predicting
the need for endoscopic hemostatic intervention based
on the clinical presentation, hemodynamic parameters
[11]
and need for blood products . An understanding of
the epidemiologic context of GIB in children holds the
promise of directing future research toward impro
ving predictive models of disease outcomes including
mortality.
The Pediatric Health Information System (PHIS)
database is a repository of diagnostic, therapeutic and
procedure records from 48 regional pediatric tertiary
centers in the United States that has been in existence
since 2004, the data is available in de-identified form
to health information management administrators and
academicians in the respective institutions.
Herein we report on the PHIS recorded demographic and clinical profile of children with upper or
indeterminate gastrointestinal bleeding at admission
or during their inpatient course and resulting in death.

only the mortalities in which GIB was the principal
diagnosis, 48% (12 of 25 principal diagnosis GIB
mortalities) died within the first 3 d of admission,
whereas 19.8% of secondary diagnosis GIB patients
died with 3 d of admission. Patients who died were
more likely to have received octreotide (19.8% c.f.
4.04%) but tended to have not received proton pump
inhibitor therapy in the first 48 h, and far less likely to
have undergone endoscopy during their admission (OR
= 0.489, P < 0.0001). Chronic liver disease associated
with a greater likelihood of endoscopy. Mortalities
were significantly more likely to have multiple complex
chronic conditions.
CONCLUSION
GIB associated mortality in children is highest within 7
d of admission. Multiple comorbidities are a risk factor
whereas early endoscopy during the admission is
protective.
Key words: Pediatrics; Gastrointestinal hemorrhage;
Endoscopy; Proton pump inhibitors; Mortality; Liver
disease; Hospital Information Systems; Octreotide
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The management of gastrointestinal haem
orrhage in children is challenging insofar as the timing
and impact of different interventions remains poorly
defined. The authors analysed the characteristics and
associated interventions associated with mortality as
an outcome with gastrointestinial bleeding in children
past infancy. Death associated with gastrointestinal
haemorrhage was reported in 2% overall albeit less
(0.4%) in the cohort with haemorrhage as admitting
diagnosis. Patients who died were far less likely to have
undergone endoscopy during the admission and more
likely to have received octreotide and less likely to have
received proton pump inhibitor therapy during the first
two days of admission.
Attard TM, Miller M, Pant C, Kumar A, Thomson M.
mortality associated with gastrointestinal bleeding in children:
a retrospective cohort study. World J Gastroenterol 2017;
23(9): 1608-1617 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i9/1608.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i9.1608

INTRODUCTION
Gastrointestinal bleeding (GIB) is a foremost indication for emergent diagnostic and therapeutic endoscopy requiring prompt, including disease-specific
[1,2]
pharmacotherapy . Although acute GIB in adults
has been exhaustively studied including epidemiology and predictors of adverse outcomes, there is a
[3,4]
paucity of the corresponding evidence in children .

WJG|www.wjgnet.com

MATERIALS AND METHODS
Data source

We conducted a retrospective cohort study using data
obtained from the PHIS, an administrative database
that contains inpatient, emergency department,
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ambulatory surgery and observation encounter-level
data from 49 not-for-profit, tertiary care pediatric hospitals in the United States. The PHIS hospitals are 49
of the largest and most advanced children’s hospitals
in America, and constitute the most demanding standards of pediatric service in America. These hospitals
are affiliated with the Children’s Hospital Association
(Overland Park, KS, United States). Data quality and
reliability are assured through a joint effort between
the Children’s Hospital Association and participating
hospitals. Portions of the data submission and data
quality processes for the PHIS database are managed
by Truven Health Analytics (Ann Arbor, MI, United
States). For the purposes of external benchmarking,
participating hospitals provide discharge/encounter
data including demographics, diagnoses, and procedures. Nearly all of these hospitals also submit
resource utilization data (e.g., pharmaceuticals, imaging, and laboratory) into PHIS. Data are de-identified at
the time of data submission, and data are subjected to
a number of reliability and validity checks before being
included in the database. For this study, data from 47
hospitals was included. This study was approved by
the Institutional Review Board (16050358).

Transaction Classification system for revenue codes.

Outcome measures

The primary outcome of interest in this study was
mortality. Secondary outcomes examined include
whether or not the patient underwent endoscopy.

Statistical analysis

Unadjusted, univariate analyses of the associations
between patient characteristics and treatment course
with mortality were carried out. Continuous variables
were summarized using the median and interquartile
ranges (IQR) and compared using the Wilcoxon ranksum test. Categorical variables were summarized using
counts and frequency as a percentage, and compared
2
using the χ test of association or Fisher’s exact test,
where appropriate. Complex chronic conditions were
treated categorically as the number of complex chronic
conditions present in a single patient. The levels
of the category were defined as 0 complex chronic
conditions, 1 or 2 complex chronic conditions, and
3 or more complex chronic conditions. These levels
were chosen after assessing the median and interquartile range of the distribution of number of CCCs.
Receipt of pharmaceuticals on the first or second day
of admission was coded as a dichotomous variable, as
was the receipt of packed red blood cell transfusions
and platelet transfusions. All procedures were coded
as 0 (procedure not billed) or 1 (procedure billed).
Unadjusted P-values were reported for the univariate
analysis.
Adjusted analysis of the association between
patient characteristics and treatment course with mortality were examined using multivariable generalized
linear mixed models to assess the odds of exposure
to treatment among mortality cases (binomial family,
logit link). A quasi-likelihood method was used to
estimate effects (Laplace approximation). All candidate
models were adjusted for potential confounding by
age in years at admission, race/ethnicity, and sex and
by the need for packed red blood cell transfusions as
a surrogate of severity of bleed. Chronic liver disease,
comorbid complex chronic conditions, and urban
vs rural zip code of residence at time of admission
were tested as covariates. Other covariates included
perforation type injury, administration of proton pump
inhibitor (PPI), H2RA, octreotide, and vasopressin pharmaceuticals on the first or second day of admission
and endoscopic procedures performed. Interactions
between vasopressin and shock, endoscopy and
chronic liver disease, and endoscopy and CCCs were
also tested to investigate potential effect modification.
To account for increased variability due to clustering
within hospitals, a random intercept was included using
a unique hospital ID. Model selection was carried out
2
using -2 log likelihood tests with the χ approximation.
Individual covariates were tested by approximation to
the Z-value. The Holm procedure was used to account

Study patients

Children between the ages of 1 and 21 years at the
time of admission were eligible for inclusion if they
were diagnosed with an upper gastrointestinal bleed
(UGIB) or GIB of indeterminate location and admitted
as an inpatient or under observation with Emergency
Department charges between January 1, 2007 and
September 30, 2015. Study participants with UGIB
were identified through International Classification of
Diseases, Ninth Revision (ICD-9) discharge diagnosis
codes (Supplementary Table 1).
Demographic characteristics included age in years
at time of admission, sex, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, Asian, Other,
Unknown), discharge disposition (routine/home,
expired and rural vs urban zip code of residence.
Complex chronic conditions (CCCs) were defined using
a previously described ICD-9 coding scheme for 9
types of CCCs (neuromuscular, cardiovascular, respiratory, renal, gastrointestinal, hematologic/immunologic,
metabolic, congenital or genetic, and malignancy),
as well as organ transplant patients and technology
[12]
dependent patients . A given patient could have
could have more than 1 CCC, and the total number
of CCCs for each patient was calculated. Chronic liver
disease was also identified by ICD-9 diagnosis codes,
and coded as a dichotomous variable. The need for
packed red blood cell transfusions was used to control
for severity of bleeding [0 = no transfusion, 1 =
transfusion(s) received].
Procedures were identified through ICD-9-CM codes
(Supplementary Table 2), and pharmaceuticals and
imaging procedures were identified through Clinical
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Table 1 Patient characteristics by principal and secondary diagnosis of gastrointestinal bleeding n (%)
Overall (n = 19528)

P value

9 (4, 15)

9 (4, 15)

< 0.0001
< 0.0001

2925 (43.44)
3808 (56.56)

5941 (46.43)
6854 (53.57)

8866 (45.40)
10762 (55.11)

3608 (53.59)
1180 (17.53)
1159 (17.21)
251 (3.73)
412 (6.12)
123 (1.83)

6596 (51.55)
2257 (17.64)
2580 (20.16)
332 (2.59)
779 (6.09)
251 (1.96)

10204 (52.25)
3437 (17.60)
3739 (19.15)
583 (2.99)
1191 (6.10)
374 (1.92)

5730 (85.10)
873 (12.97)
130 (1.93)

10930 (85.42)
1573 (12.29)
292 (2.28)

16660 (85.31)
2446 (12.53)
422 (2.16)

3767 (55.95)
1771 (26.30)
1195 (17.75)

5969 (46.65)
4328 (33.83)
2498 (19.52)

9736 (49.86)
6099 (31.23)
3693 (18.91)

2333 (34.65)
1983 (29.45)
52 (0.77)

4263 (33.32)
6018 (47.03)
90 (0.70)

6596 (33.78)
8001 (40.97)
142 (0.73)

0.0635
< 0.0001
0.5956

4473 (66.43)
1301 (19.32)
197 (2.93)
15 (0.22)
349 (5.18)

6038 (47.19)
2715 (21.22)
313 (2.45)
142 (1.11)
439 (3.43)

10511 (53.83)
4016 (20.57)
510 (2.61)
157 (0.80)
788 (4.04)

< 0.0001
0.0019
0.0511
< 0.0001
< 0.0001

497 (7.38)
425 (6.31)
44 (0.65)
75 (1.11)

378 (2.95)
1298 (10.14)
170 (1.33)
93 (0.73)

875 (4.48)
1723 (8.82)
214 (1.10)
168 (0.86)

< 0.0001
< 0.0001
< 0.0001
0.0070

23 (0.34)
2 (0.03)
54 (0.80)
2304 (34.22)
845 (12.55)
8 (0.12)
0 (0.0)
1 (0.01)
1265 (18.79)
194 (2.88)
880 (13.07)
171 (2.54)
4980 (73.96)
144 (2.14)
30 (0.45)
2 (1, 4)
1 (0, 2)
25 (0.37)

44 (0.34)
19 (0.15)
96 (0.75)
2317 (18.11)
845 (6.6)
8 (0.06)
5 (0.04)
5 (0.04)
2337 (18.26)
799 (6.24)
2328 (18.19)
400 (3.13)
8585 (67.10)
584 (4.56)
666 (5.21)
3 (2, 7)
2 (1, 3)
379 (2.96)

67 (0.34)
21 (0.11)
150 (0.77)
4621 (23.66)
1690 (8.65)
16 (0.08)
5 (0.03)
6 (0.03)
3602 (18.45)
993 (5.09)
3208 (16.43)
571 (2.92)
11084 (56.76%)
728 (3.73)
696 (3.56)
3 (1, 6)
1 (0, 2)
404 (2.07)

0.9999
0.0191
0.7303
< 0.0001
< 0.0001
0.1977
0.1719
0.6713
0.3808
< 0.0010
< 0.0001
0.0234
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

GI bleed
Age in years (IQR)
Gender
Female
Male
Race
Non-Hispanic White
Non-Hispanic Black
Hispanic
Asian
Other
Unknown
Urban/rural
Urban
Rural
Unknown
Complex chronic conditions
0
1-2
≥3
GIH symptoms
Hematemesis
Melena
Hypovolemia
Pharmaceutical Interventions
PPI on day 0 or 1
H2RA on day 0 or 1
Erythromycin on day 0 or 1
Vasopressin on day 0 or 1
Octreotide on day 0 or 1
Diagnostic Imaging
Meckel's Scan day 0-2
Abdomen CT day 0-2
Abdomen MRI day 0-2
Arteriography day 0-2
Surgical interventions
Laparotomy, exploratory
Laparotomy, other
Laparoscopy
EGD
Other endoscopy
Transcatheter embolization
Ligation, esophag. varices
Ligation, gastric varices
Packed red blood cell transfusions
Platelet transfusions
ICU stay as part of encounter
Chronic liver disease
GIH present on admit
Shock
Sepsis
Hospital lOS (IQR)
Day of EGD
Mortality

Principal Dx (n = 6733)

Secondary Dx (n = 12795)

10 (4, 15)

< 0.0001

0.1247

< 0.0001

IQR: Interquartile ranges; GER: Gastroesophageal reflux; PPI: Proton pump inhibitor; H2RA: H2-receptor antagonists; CT: Computed tomography; MRI:
Magnetic resonance imaging; GIB: Gastrointestinal bleeding; EGD: Esophagogastroduodenoscopy.

for multiple testing of covariates for each outcome,
and the adjusted P-values are reported for the significance test of model covariates. An adjusted, two-tailed
P < 0.05 was considered statistically significant. All
analyses were performed using the R statistical package, v.3.2.3.
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RESULTS
Descriptive statistics

There were 19528 patients with upper or indeterminate GIB discharged between January 1, 2007 and
September 30, 2015 (Table 1). Overall, 54.6% of
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Table 2 Complex chronic conditions by discharge disposition n (%)

gastrointestinal flag
Cardiovascular flag
Hem/immunologic flag
Malignancy
Metabolic flag
Neurologic/neuromusc flag
Congenital/genetic flag
Renal/urologic flag
Respiratory flag
Technology depend. flag
Transplant flag

Survived (n = 19124)

Died (n = 404)

P value

5351 (27.98)
1543 (8.07)
1662 (8.69)
1164 (6.09)
1138 (5.95)
2570 (13.44)
1838 (9.61)
927 (4.85)
780 (4.08)
3710 (19.40)
802 (4.19)

159 (39.36)
162 (40.10)
152 (37.62)
135 (33.42)
135 (33.42)
145 (35.89)
81 (20.05)
133 (32.92)
65 (16.09)
242 (59.90)
94 (23.27)

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

patients were male, and the median age was 9 years
(IQR 4-15). Nearly half (49.68%) of the patients had
no documented CCCs, 30.32% had 1 or 2 CCCs, and
20.01% had 3 or more CCCs. The most common CCC
was gastrointestinal conditions (28.22%), followed by
[12,13]
technology dependence
(20.24%) and neurologic
and neuromuscular disorders (13.90%) (Table 2). Of
the patients included in the analysis, 33.78% experienced hematemesis, 40.97% melena, 12.18% had
gastroesophageal reflux (GER), 3.73% experienced
shock, 3.56% experienced sepsis, and 18.45%
required packed red blood cell transfusion while 5.09%
required a platelet transfusion. Most patients resided in
an urban area (85.31%), although a small portion of
the data was missing (2.16%).
Overall mortality rate was 2.07% with 0.37% mortality among patients with principal diagnosis of GIB
and 2.96% among patients with secondary diagnosis
of GIB. The median time until death was 19 d (5, 49).
For all patients, 21.53% of deaths occurred within the
first 3 d of admission, and 31.9% occurred within 7 d
of admission. When considering only the mortalities
in which GIB was the principal diagnosis, 48% (12
of 25 principal diagnosis GIB mortalities) died within
the first 3 d of admission, and 64% expired within 7
d of admission. Among secondary diagnosis patients,
19.8% died with 3 d of admission, and 29.8% died
within 7 d of admission. Although the majority of
patients were male, females and males had similar
mortality rates (50% of mortalities were male). There
were apparent racial/ethnic distributional differences,
with non-Hispanic Whites being the only group that
comprised a smaller proportion of the mortalities than
the surviving cases.
Early intervention with pharmaceuticals was more
frequent among mortality cases (Table 3). Receipt of
PPI on the first or second day of admission occurred in
53.83% of patients, with higher usage among mortalities (68.56% vs 53.31%). H2RA were administered
on the first or second day of admission in 20.57%
of patients, with higher usage in mortality than nonmortality cases (37.62% vs 20.20%). Octreotide was
only used in 4.04% of patients; 19.80% of patients
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who died received octreotide on the first or second
day of admission, and 3.70% surviving cases received
octreotide. Vasopressin was only given to 0.80% of
patients; 24.50% of the mortality cases and 0.30%
of surviving cases received vasopressin on the first or
second day of admission.
Table 4 displays the top admitting diagnosis codes
for mortalities and non-mortalities. Mortalities included
several diagnosis codes not related to GI symptoms,
including dyspnea and respiratory abnormalities,
cardiac arrest, pneumonia, diseases of white blood
cells, and respiratory failure. Non-mortalities more
frequently carried GI-specific admitting diagnoses.

Multivariable analysis

Factors associated with mortality in all GIB
diagnoses: After adjustment for other covariates,
race was not significantly associated with mortality in
patients with a primary diagnosis of UGIB or unspecified GIB (adjusted P = 0.999). Although the majority
of patients were male, mortality tended to be higher
in females; however, gender was not significantly
associated with mortality (adjusted P = 0.339). Age
was also not significantly associated with mortality
(adjusted P = 0.999). These covariates were retained
in the model for their role as potential confounders.
Urban vs rural zip code of residence, H2RA within the
first or second day of admission, and the interaction
between endoscopy and chronic liver disease were not
statistically significant and did not improve fit, thus
2
were removed from the model [χ (4) = 4.505, P =
0.342]. Furthermore, chronic liver disease, and the
interaction between endoscopy and CCCs were not
significant and did not significantly improve model fit
2
and were also removed from the final model [χ (3) =
4.612, P = 0.203]. Although PPI on the first or second
day of the encounter was not significant after correcting for multiple testing, the inclusion of this variable
2
significantly improved model fit [χ (1) = 5.451, P =
0.020].
Those patients who died were far less likely to
have undergone an endoscopic procedure (OR =
0.489, 95%CI: 0.356-0.672, P < 0.0001), indicating a
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Table 3 Univariate analysis of factors affecting mortality n (%)

Age in years (IQR)
Gender
Female
Male
Race
Non-Hispanic White
Non-Hispanic Black
Hispanic
Asian
Other
Unknown
Urban/rural
Urban
Rural
Unknown
Complex chronic conditions
0
1-2
≥3
GIH symptoms
Hematemesis
Melena
Hypovolemia
GER
Pharmaceutical interventions
PPI first 24 h
H2RA first 24 h
Erythromycin first 24 h
Vasopressin first 24 h
Octreotide first 24 h
Surgical interventions
Laparotomy, exploratory
Laparotomy, other
Laparoscopy
EGD
Other endoscopy
Transcatheter embolization
Ligation, esophag. varices
Ligation, gastric varices
Diagnostic imaging
Meckel's Scan day 0-2
Abdomen CT day 0-2
Abdomen MRI day 0-2
Arteriography day 0-2
Packed red blood cell Transfusion
Platelet transfusion
ICU stay as part of encounter
Chronic liver disease
GIB Present on admit
Principal Dx GIB
Sepsis
Shock
Hospital LOS (IQR)
Day of EGD

Survived (n = 19124)

Died (n = 404)

Overall (n = 19528)

9 (4, 15)

8 (3, 15)

9 (4, 15)

P value

8864 (46.35)
10460 (54.70)

202 (50)
202 (50)

9066 (46.43)
10662 (54.60)

10036 (52.48)
3358 (17.56)
3646 (19.07)
565 (2.95)
1156 (6.04)
363 (1.90)

168 (41.58)
79 (19.55)
93 (23.02)
18 (4.46)
35 (8.66)
11 (2.72)

10204 (52.25)
3437 (17.60)
3739 (19.15)
583 (2.99)
1191 (6.10)
374 (1.92)

16324 (85.36)
2385 (12.47)
415 (2.17)

336 (83.17)
61 (15.10)
7 (1.73)

16660 (85.31)
2446 (12.53)
422 (2.16)

9689 (50.66)
5825 (30.46)
3610 (18.88)

12 (2.97)
95 (23.51)
297 (73.51)

9701 (49.68)
5920 (30.32)
3907 (20.01)

6508 (34.03)
7899 (41.30)
131 (0.69)
2329 (12.18)

88 (21.78)
102 (25.25)
11 (2.72)
50 (12.38)

6596 (33.78)
8001 (40.97)
142 (0.73)
2379 (12.18)

< 0.0001
< 0.0001
0.0002
0.9653

10234 (53.51)
3864 (20.20)
480 (2.51)
58 (0.30)
708 (3.70)

277 (68.56)
152 (37.62)
30 (7.43)
99 (24.50)
80 (19.80)

10511 (53.83)
4016 (20.57)
510 (2.61)
157 (0.80)
788 (4.04)

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

54 (0.28)
16 (0.08)
144 (0.75)
4569 (23.89)
1638 (8.57)
14 (0.07)
4 (0.02%)
6 (0.03)

13 (3.22)
5 (1.24)
6 (1.49)
52 (12.87)
52 (12.87)
2 (0.50)
1 (0.25%)
0 (0.00)

67 (0.34)
21 (0.11)
150 (0.77)
4621 (23.66)
1690 (8.65)
16 (0.08)
5 (0.03)
6 (0.03)

< 0.0001
< 0.0001
0.1347
< 0.0001
0.0031
0.0423
0.0993
0.9999

873 (4.56)
1675 (8.76)
212 (1.11)
163 (0.85)
3361 (17.57)
819 (4.28)
2863 (14.97)
536 (2.80)
13386 (70.00)
6708 (35.07)
516 (2.70)
562 (2.94)
3 (1, 6)
1 (0, 2)

2 (0.50)
48 (11.88)
2 (0.50)
5 (1.24)
241 (59.65)
174 (43.07)
345 (85.40)
35 (8.66)
179 (44.31)
25 (6.18)
180 (44.55)
166 (41.09)
19 (5, 49)
3 (1, 14)

875 (4.48)
1723 (8.82)
214 (1.10)
168 (0.86)
3602 (18.45)
993 (5.09)
3208 (16.43)
571 (2.92)
11084 (56.76)
6733 (34.48)
696 (3.56)
728 (3.73)
3 (1, 6)
1 (0, 2)

0.0001
0.0356
0.3340
0.4031
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

0.2997
0.0679

0.0005

0.2524

< 0.0001

IQR: Interquartile ranges; GER: Gastroesophageal reflux; PPI: Proton pump inhibitors; H2RA: H2-receptor antagonists; CT: Computed tomography; MRI:
Magnetic resonance imaging; GIB: Gastrointestinal bleeding; EGD: Esophagogastroduodenoscopy.

protective association with endoscopy. Mortalities were
also less likely to have a GIB documented as present
on admission (OR = 0.464, 95%CI: 0.362-0.596, P
< 0.0001), and less likely to have had the GIB as the
principal diagnosis for the encounter (OR = 0.266
95%CI: 0.165-0.429, P < 0.0001). This may suggest
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that GIB more commonly complicates inpatient stays
for patients admitted or being primarily treated for
other conditions. PPI administration on the first or
second day of admission tended to be protective;
however, the effect was not statistically significant after
correction for multiple testing (OR = 0.723, 95%CI:
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Table 4 Top 10 admitting diagnoses for mortalities and non-mortalities
ICD-9 code description

n (%)

Fever
Other dyspnea and respiratory abnormality
Vomiting alone
Unspecified septicemia
Hematemesis
Cardiac arrest
Hemorrhage of GI tract, unspecified
Pneumonia, organism unspecified
Diseases of white blood cells
Acute respiratory failure

32 (7.92)
23 (5.69)
15 (3.71)
14 (3.47)
13 (3.22)
13 (3.22)
12 (2.97)
11 (2.72)
10 (2.48)
10 (2.48)

Hematemesis
Blood in Stool
Hemorrhage of GI tract, unspecified
Other symptoms involving abdomen and pelvis
Vomiting alone
Not available or Missing
Fever
Dehydration
Diarrhea
Anemia

3058 (15.99)
2750 (14.38)
1289 (6.74)
755 (3.95)
748 (3.91)
707 (3.70)
559 (2.92)
515 (2.69)
500 (2.61)
292 (1.53)

ICD-9 code
Mortalities
780.60
786.09
787.03
03.89
578.0
427.5
578.9
486.0
288.00
518.81
Non-mortalities
578.0
578.1
578.9
789.00
787.03
N/A
780.60
276.51
787.91
2859

GI: Gastrointestinal; ICD-9: International Classification of Diseases, Ninth Revision.

Table 5 Complex chronic conditions by principal and secondary diagnosis of gastrointestinal bleeding n (%)

GI flag
Cardiovascular flag
Hem/immunologic flag
Malignancy
Metabolic flag
Neurologic/neuromusc flag
Congenital/genetic flag
Renal/urologic flag
Respiratory flag
Technology depend flag
Transplant flag

Principal Dx is GI bleed (n = 4521)

Secondary Dx is GI bleed (n = 15007)

P value

1681 (24.39)
513 (7.44)
422 (6.12)
284 (4.12)
258 (3.74)
972 (14.1)
727 (10.55)
249 (3.61)
244 (3.54)
1353 (19.63)
318 (4.61)

3892 (15.39)
1192 (4.71)
1392 (5.5)
1015 (4.01)
1015 (4.01)
1743 (6.89)
1192 (4.71)
811 (3.21)
601 (2.38)
2599 (10.28)
578 (2.29)

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.1234
0.0010
< 0.0001
0.0005
0.7331
0.5374

GI: gastrointestinal.

0.552-0.947, P = 0.074).
The odds of having 1 or 2 CCCs compared to 0
CCCs were 9.090 times higher for mortalities over
non-mortalities (95%CI: 4.907-16.841, P < 0.0001),
and the odds of having 3 or more CCCs compared
to 0 CCCs was 27.338 (95%CI: 14.940-50.027, P <
0.0001) times higher for mortalities over non-mortalities. Mortalities have significantly increased odds
of having multiple complex chronic conditions. Table
5 differentiates the presence of concomitant CCC in
patients with GIB as principal as opposed to secondary
diagnosis whereas Table 2 summarizes the distribution
of CCCs between mortality and non-mortality patients.
Mortalities had significantly higher odds of perforation as well (OR = 5.505, 95%CI: 1.717-17.650, P =
0.021). There was a significant association between
mortality and diagnosis of sepsis during the encounter
and mortality (OR = 2.583, 95%CI: 1.823-3.659, P <
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0.0001). Mortalities had substantially higher odds of
shock (OR = 3.585, 95%CI: 2.489-5.163, P < 0.0001),
but this effect was modified by vasopressin. Mortalities
had 4.834 times the odds of experiencing shock and
receiving vasopressin compared to shock alone over
non-mortalities (95%CI: 2.729-8.562, P < 0.0001).
Vasopressin is primarily used to treat shock in critically
[3]
ill children . Higher mortality in patients receiving
vasopressin and shock does not necessarily represent
a causal chain - it may merely be highlighting the pattern that severe cases of shock were more frequently
given vasopressin. The strength of the association is
striking and the administration of vasopressin in shock
cases did not associate with significantly improved
outcomes. The effect of vasopressin on GI bleeds
and shock warrants further investigation in pediatric
patients.
Receiving octreotide or vasopressin was significantly
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associated with having a portal hypertension diagnosis
2
[χ (1) = 3261.5, p < 0.0001], and with having varices
2
with bleeding [χ (1) = 2477.2, p < 0.0001]. Receiving
octreotide within the first 24 h was associated with
a 2.934 fold increase in odds of death (OR = 2.936,
95%CI: 1.981-4.351, P < 0.0001). This is more likely
an indicator of severity of illness and early treatment
as more severe patients who would eventually expire
received more aggressive treatment.

modified by vasopressin, with a stronger association
marked in the smaller cohort. Mortalities had 12.090
times the odds of experiencing shock and receiving
vasopressin compared to shock alone over nonmortalities (95%CI: 5.327-27.442, P < 0.001).
Factors associating with endoscopy: In a separate
model, we examined the association between various patient characteristics and whether or not the
patient underwent endoscopy. A total of 5939 patients
received endoscopy. Supplementary Table 2 stratifies
therapeutic endoscopy type. The vast majority of
endoscopic procedures were esophagogastroduodenoscopy. We adjusted the model for those factors
relating to mortality and severity (shock, sepsis,
packed red blood cell transfusion, GIB diagnosis
present on admit, and GIB diagnosis as principal
diagnosis). We found that those patients with chronic
liver conditions were more likely to undergo endoscopy
(OR = 2.378, 95%CI: 1.970-2.869, P < 0.0001),
which may explain partially why this factor was not
found significant in the mortality model. If endoscopy
is protective and patients with chronic liver disease are
more likely to undergo endoscopy, it stands to reason
that they will then be less likely to die. We also found
that living in a rural area was positively associated with
endoscopy compared to living in an urban area (OR =
1.196, 95%CI: 1.076-1.329, P = 0.007). Compared
to non-Hispanic white patients, Hispanics were 18.5%
less likely to have undergone an endoscopic procedure
(OR = 0.815, 95%CI: 0.737-0.900, P = 0.001). Age
was also significantly associated with endoscopy, with
a 6.39% increase in odds for every additional year (OR
= 1.064, 95%CI: 1.058-1.070, P < 0.0001). Patients
with 1 or 2 CCCs did not have increased odds of
endoscopy (P = 0.999), but those with 3 or more had
a 24.53% reduction in the odds of endoscopy (OR =
0.755, 95%CI: 0.686-0.830, P < 0.0001). Perforation
injuries were also far less likely to undergo endoscopy
(OR = 0.169, 95%CI: 0.116-0.247). GIBs as the
principal diagnosis were associated with higher odds
of endoscopy (OR = 2.626, 95%CI: 2.448-2.817, P <
0.0001). Those who underwent endoscopy were more
likely to have experienced shock (OR = 1.752, 95%CI:
1.409-2.179, P < 0.0001), but less likely to have
become septic (OR = 0.473, 95%CI: 0.370-0.604, P <
0.0001).

Factors affecting mortality in GIB as principal,
admitting or present on admit: As a sensitivity
analysis, we isolated only those patients whose
principal diagnosis was a GIB, or the GIB was present
on admit or the admitting diagnosis to see if the trends
observed associations pertained to a more refined
group of GIB patients (n = 15539, 185 mortalities).
After applying the model-fitting procedure, the final
model yielded results similar to those observed for
the full cohort of GIB patients in PHIS, with most of
the associations being strengthened (the exception
being CCCs), suggesting the secondary GIB may
have biased estimates toward the null Age, race, and
gender were not statistically significantly associated
with mortality when controlling for other covariates (P
= 0.999, P = 0.999, P = 0.937, respectively). Again,
residing in an urban area, administration of H2RA on
day 0 or 1, chronic liver disease, and the interaction
between endoscopy and chronic liver disease were not
2
significant and did not improve model fit [χ (5) = 4.527,
P = 0.476]. Perforation-type injury and GIB present
on admission were not significant and subsequently
2
removed from the final model [χ (2) = 3.644, P =
0.162].
In this smaller cohort, patients who died were even
less likely to have undergone an endoscopic procedure
(OR = 0.327, 95%CI: 0.202-0.539, P < 0.0001).
Mortalities had marginally lower odds of receipt of
a PPI on the first or second day of admission (OR =
0.613, 95%CI: 0.417, 0.902, P = 0.051). Receiving
octreotide on the first or second day of admission was
associated with an increase in odds of death (OR =
2.219, 95%CI: 1.286-3.831, P = 0.025).
The strength of the association with CCCs was
not quite as pronounced in the smaller cohort. The
odds of having 1 or 2 CCCs compared to 0 CCCs were
8.710 times higher for mortalities over non-mortalities
(95%CI: 3.861-19.651, P < 0.0001), and the odds
of having 3 or more CCCs compared to 0 CCCs was
24.098 (95%CI: 10.778-53.884, P < 0.0001) times
higher for mortalities over non-mortalities. Mortalities
have significantly increased odds of having multiple
complex chronic conditions in the smaller cohort, but
the associations are less strong.
There was a significant association between mortality and diagnosis of sepsis during the encounter (OR
= 2.040, 95%CI: 1.197-3.477, P = 0.044). Mortalities
had substantially higher odds of shock (OR = 5.426,
95%CI: 3.212-9.168, P < 0.0001) but this effect was
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DISCUSSION
This is the first study describing the demographic and
clinical characteristics of pediatric patients with GI
hemorrhage in tertiary referral pediatric centers. In our
cohort more than 75% of patients with GIB presented
with hematemesis or blood in the stool. Mortality at,
or before 3 d was more likely in patients with GIB as
a primary diagnosis, and in this subgroup mortality
was highest in the first 7 d of admission. The mortality in patients with a principal diagnosis of GIB was
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0.37% whereas the mortality in patients with GIB as
a secondary diagnosis was 2.96% signalling that GIB
can be a terminal event in children with other severe
disease processes.
We also found that in pediatric patients, race,
gender, and age were not significantly associated with
mortality. Death was most strongly associated with
shock, sepsis, multiple complex chronic conditions
and use of vasopressin and octreotide, although these
pharmaceutical treatments may represent aggressive
treatment of haemorrhage (octreotide) or hemodynamic support (vasopressin) for severely ill patients.
Our observations in children are analogous to published studies in adults showing mortality to be many
times higher for upper GIB complicating the inpatient
[14]
course in the presence of comorbidities . In our
cohort, we could not determine whether the increased
mortality in patients with multiple chronic comorbidities was related to the GIB event or was intrinsic to the
medical frailty of these patients. However, we observed
the association to be consistent between both patients
with any diagnosis of GIB as well as the more focused
group with primary GIB diagnosis. GIB patients with
multiple chronic illnesses are at incremental risk, and
mortality in patients with primary GIB is significantly
associated, albeit less robustly, with multiple complex
chronic conditions than children with a secondary diagnosis. More specifically, our observations support the
validity of the Sheffield Scoring System which identifies
significant pre-existing condition as an independent
[11]
determinant of the need for therapeutic endoscopy .
The observed increased mortality associated with
GIB with chronic comorbidities and infection can be
explained through several mechanisms. For example,
the strong relationship between sepsis and mortality
with GIB may relate to the development of disseminated intravascular coagulation that would exacerbate
bleeding. Conversely septicemia may be a terminal
complication in a child with multi-organ injury from
bleeding-hypovolemic shock. Similarly oncologic com
orbidities signal a greater degree of overall debility
as a function of immunosuppression, impaired fluid
and electrolyte balance, poor nutrition, suppressed
erythropoiesis and several potential iatrogenic factors
impacting homeostatic responses.
We could not, in this analysis, confirm a relationship between GIB related admission mortality and
distance travelled to care as defined by rural compared
with urban address; a significant relationship was
noted when analysis was performed looking at all GIB
associated mortality, this was not borne out when the
cohort was defined by admitting or principal diagnosis.
Endoscopy was associated with lower mortality, as
was the administration of a PPI on the first or second
day of admission. Mortality was also lower for patients
with GIB that was present on admission or the
principal diagnosis, supporting the impression that GIB
can be viewed as an ominous complication defining a
generally more dismal outcome in children.
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We did find that certain patients were more likely
to undergo endoscopy. Endoscopy during admission
with GIB diagnosis was significantly protective (OR =
0.49); the effect was most pronounced in children with
a principal diagnosis of GIB (OR = 0.28). Chronic liver
disease patients were much more likely to undergo
endoscopy, which may explain why this comorbidity, in
turn, was not found to be significantly associated with
mortality although it is a known risk factor. Racial and
urban vs rural differences were also noted. Hispanics
were significantly less likely to undergo endoscopy
during admission with GIB and mortality with GIB is
lowest in non-Hispanic white children.
The sensitivity analysis yielded similar results
when we focused on a smaller cohort of patients with
principal diagnosis of GIB, admitting diagnosis of GIB,
or GIB present on admit. The purpose of examining
the smaller cohort was to exclude as much as possible
those secondary GIB cases that arose as complication
of a non-GIB disease course. We found even stronger
association for most of the covariates, suggesting
possible masking and bias toward the null by including
more complex and severely ill patients whose hospital
stay was not chiefly attributed to a GIB.
As a retrospective observational study using
primarily administrative billing data, there are several
limitations to the study. The use of ICD-9 diagnosis
codes has been shown to be sensitive and specific for
some conditions and procedures including gastroin[15]
testinal hemorrhage
but are unknown for all ICD-9
codes. Coding practices may also vary within hospitals,
and the reliability of these codes depends on proper
documentation. Substantial risk factors or severity
factors may be missing from the data.
In summary, we have reported on the mortality
associated with admission for acute GI hemorrhage in
children. Gastrointestinal hemorrhage can be fatal but
more often defines deterioration in a child with other,
especially multiple, comorbidities. Intense pharmacologic support associates with mortality underscoring
the escalation of therapy with increased clinical compromise. Endoscopy was consistently protective from
mortality, and the timing, scope and therapeutic goals
of endoscopy in GI hemorrhage are still to be precisely
defined and universally applied in children. Emerging
scoring systems and prospective implementation of
such may go some way to identifying and stratifying
the protective effects of endoscopy in children. This
study offers new impetus to aggressive, including
endoscopic, management.
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Abstract
AIM
To quantify drug-drug-interactions (DDIs) encountered
in patients prescribed hepatitis C virus (HCV) treatment,
the interventions made, and the time spent in this
process.
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METHODS
As standard of care, a clinical pharmacist screened for
DDIs in patients prescribed direct acting antiviral (DAA)
HCV treatment between November 2013 and July 2015
at the University of Colorado Hepatology Clinic. HCV
regimens prescribed included ledipasvir/sofosbuvir
(LDV/SOF), paritaprevir/ritonavir/ombitasvir/dasabuvir
(OBV/PTV/r + DSV), simeprevir/sofosbuvir (SIM/SOF),
and sofosbuvir/ribavirin (SOF/RBV). This retrospective
analysis reviewed the work completed by the clinical
pharmacist in order to measure the aims identified
for the study. The number and type of DDIs identified
were summarized with descriptive statistics.

medication adjustments and increased monitoring.
An interdisciplinary care team including a clinical phar
macist is critical to optimize patient care for new HCV
therapies.
Langness JA, Nguyen M, Wieland A, Everson GT, Kiser JJ.
Optimizing hepatitis C virus treatment through pharmacist
interventions: Identification and management of drug-drug
interactions. World J Gastroenterol 2017; 23(9): 1618-1626
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i9/1618.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1618

RESULTS
Six hundred and sixty four patients (83.4% Caucasian,
57% male, average 56.7 years old) were identified; 369
for LDV/SOF, 48 for OBV/PTV/r + DSV, 114 for SIM/
SOF, and 133 for SOF/RBV. Fifty-one point five per cent
of patients were cirrhotic. Overall, 5217 medications
were reviewed (7.86 medications per patient) and
781 interactions identified (1.18 interactions per
patient). The number of interactions were fewest
for SOF/RBV (0.17 interactions per patient) and
highest for OBV/PTV/r + DSV (2.48 interactions per
patient). LDV/SOF and SIM/SOF had similar number
of interactions (1.28 and 1.48 interactions per patient,
respectively). Gastric acid modifiers and vitamin/
herbal supplements commonly caused interactions
with LDV/SOF. Hypertensive agents, analgesics, and
psychiatric medications frequently caused interactions
with OBV/PTV/r + DSV and SIM/SOF. To manage these
interactions, the pharmacists most often recommended
discontinuing the medication (28.9%), increasing
monitoring for toxicities (24.1%), or separating
administration times (18.2%). The pharmacist chart
review for each patient usually took approximately 30
min, with additional time for more complex patients.

INTRODUCTION
Approximately 4.6 million Americans are estimated
to have been exposed to the hepatitis C virus (HCV),
[1]
and 3.5 million of those have active chronic infection .
The “baby boomer” generation (persons born between
1945 and 1965) have the highest incidence of chronic
[2]
HCV infection vs any other age group . Fifteen to
twenty percent of people infected with chronic HCV
progress to liver cirrhosis within twenty years, which
may lead to end-stage liver disease or hepatocellular
[3]
carcinoma . In the United States, at least 35% of
patients on the liver transplant wait list have chronic
[4]
HCV . HCV-associated mortality is close to 500000
[5]
deaths per year world-wide . The previous standard
of care, treatment with peginterferon and ribavirin,
had significant challenges to treatment including
serious adverse events, non-oral administration, and
low efficacy rates. Direct-acting antivirals (DAAs) have
improved the treatment landscape through increased
efficacy, improved safety and tolerability, and all-oral
administration. However, drug-drug interactions (DDIs)
are a significant challenge and managing the interac[6]
tions can be complex and time-consuming .
Pharmacists are recognized as important members
of the health care team. Pharmacists’ involvement in
anticoagulation services, human immunodeficiency
virus (HIV) care, cystic fibrosis, and diabetes has been
shown to increase adherence, reduce pill burden and
dosing frequency, and decrease medication-related
[7-19]
errors
. The role of pharmacists in improving
medical care and managing adverse effects in HCV
treatment is well-recognized, but the impact of pharmacy interventions on therapeutic outcomes has not
[20-24]
been adequately assessed in patients with HCV
.
Furthermore, there is a lack of evidence for managing
real-world DDIs for HCV treatments, especially with
oral DAAs.
The University of Colorado Hospital Outpatient
Hepatology Clinic has a clinical pharmacist imbedded
within the interdisciplinary care team. The hepatologist
first assesses a patient with chronic HCV infection,
determining the stage of liver fibrosis, diagnosing
advanced liver disease or cirrhosis, investigating any

CONCLUSION
DDIs are common with HCV medications and manage
ment can require medication adjustments and increased
monitoring. An interdisciplinary team including a clinical
pharmacist can optimize patient care.
Key words: Clinical pharmacist; Drug-drug interaction;
Hepatitis C virus treatment
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Identification and management of poten
tial drug-drug interactions (DDI) is a critical aspect
of current hepatitis C virus (HCV) treatment. This
retrospective analysis of patients prescribed common
HCV treatments identifies DDIs and the inter
ventions made by the clinical pharmacist, as well as
the approximate time required to complete these
activities. This novel review illustrates that DDIs are
common in this population. Identification and manage
ment of DDIs is resource intensive and requires
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disease complications, ordering all relevant baseline
labs, and prescribing HCV treatment. The clinical
pharmacist then reviews each patient prescribed
HCV treatment to ensure correct dosing and dose
adjustments as needed based on hepatic and renal
function, to minimize therapeutic duplication, and to
identify and manage DDIs. Each HCV medication has
specific interactions with cytochrome P450 enzymes
as well as transporters; and these medications can
act as both victims and perpetrators in a number
of DDIs. Potential DDIs are assessed using various resources including co-administration studies,
medication package inserts, medication databases,
and online tools such as www.hep-druginteractions.
org. In situations where co-administration has not
been studied, the pharmacology of each medication
was reviewed to determine the potential for DDIs.
Unfortunately, many herbal supplements lack data on
pharmacokinetics and drug-drug interaction potential.
If an herbal supplement did not have adequate data
to ensure safe coadministration, the recommendation
was often made to discontinue during HCV treatment.
When managing DDIs, patient-specific factors such
as vital signs, laboratory values, and concurrent use
of other medications were accounted for. The clinical
pharmacist coordinates with the internal medication
access team to gain approval of the medication
through the patient’s prescription insurance plan or
patient assistance programs. Once the patient is able
to obtain medication, he or she meets with a physician
assistant and the clinical pharmacist for a “medication
start visit”. During this visit, the specifics of treatment
are reviewed, including the medication, dosing,
administration, duration of treatment, potential side
effects, and monitoring schedule. Clinically significant
DDIs are reviewed with the patient and managed
appropriately. The patient is then assessed through
treatment by the physician assistant in conjunction
with the clinical pharmacist.
Within the context of the role of the clinical
pharmacist on the interdisciplinary team, the purpose
of this study was to quantify (1) the type of DDI
commonly encountered in patients prescribed HCV
treatment in an academic outpatient hepatology clinic;
(2) the interventions made; and (3) the time spent in
identification and management of DDIs.

and sofosbuvir/ribavirin (SOF/RBV). Ribavirin may or
may not have been used with the first three regimens.
Patients were excluded from the study if they were
coinfected with HIV or were post-liver transplant.
Demographic data including age, body mass
index (BMI), and self-identified gender, race, and
ethnicity were collected using the electronic medical
record. HCV genotype and stage of liver fibrosis
were recorded. Patients were classified as minimal to
moderate fibrosis (Stage 0-2), advanced fibrosis (Stage
3), and cirrhosis (Stage 4) including both compensated
[25]
and decompensated . Baseline medications for
each patient were collected, including prescription
medication, over-the-counter medication, and vitamin
and herbal supplements. Combination products such
as multivitamins, vitamin-mineral supplements, and
vitamin-mineral-herbal supplements were classified
as one product. The number, type, and recommended
management of DDIs were recorded for each patient.
Baseline medications that were involved with DDIs
were classified into nine categories. These categories
include analgesics, hypertension/heart failure agents,
anticonvulsants, psychiatric agents, proton pump
inhibitors (PPIs)/H2-receptor antagonists (H2RA),
antacids, steroids, vitamin and herbal supplements,
and others. The number and type of interactions were
summarized with descriptive statistics, due to the
heterogeneous nature of the retrospective study.
Management of interactions was classified as: (1)
discontinue medication; (2) increase monitoring; (3)
alter administration time; (4) separate administration;
(5) decrease dose; and (6) continue. The approximate
time required for the identification, assessment,
and management for clinical pharmacist review was
recorded.

RESULTS
664 patients fit the inclusion and exclusion criteria: 369
with LDV/SOF, 48 with OBV/PTV/r + DSV, 114 with
SIM/SOF, and 133 with SOF/RBV. Patients were 57%
male and averaged 56.7 years old. 83.4% of patients
identified as Caucasian, 6.44% as Black or African
American, 1.89% as Asian, 0.30% American Indian
or Alaska Native, and 7.97% as other or unavailable.
87% identified as Non-Hispanic and 13% Hispanic.
The majority (51.5%) of the patients in the study were
cirrhotic. See Table 1 for full demographic information.
Overall, 5217 medications were reviewed (7.86
medications per patient) and 781 interactions identified
(1.18 interactions per patient) (Table 2). The average
number of medications for each regimen was similar
and ranged from 6.50 (OBV/PTV/r + DSV) to 8.79
(SIM/SOF). The average number of DDIs was lowest
for SOF/RBV with 0.17, then 1.28 and 1.48 for LDV/
SOF and SIM/SOF, respectively. OBV/PTV/r + DSV had
the most DDIs per patient with 2.48. When accounting
for stage of liver disease, the number of medications

MATERIALS AND METHODS
This retrospective review identified all patients with
chronic HCV infection who were prescribed HCV
treatment at the University of Colorado Outpatient
Hepatology Clinic between November 2013 and July
2015. Patients were included regardless of their HCV
genotype and stage of liver fibrosis. DAAs prescribed
during the time period included ledipasvir/sofosbuvir
(LDV/SOF), paritaprevir/ritonavir/ombitasvir/dasabuvir
(OBV/PTV/r + DSV), simeprevir/sofosbuvir (SIM/SOF),

WJG|www.wjgnet.com

1620

March 7, 2017|Volume 23|Issue 9|

Langness JH et al. Drug-drug interactions in HCV treatment
patient prescribed LDV/SOF was explicitly asked if
they were taking any prescription or non-prescription
medications for heartburn or gastric esophagitis reflux
diseas, or any other type of antacids and PPI/H2RA
agents. Another challenging aspect is that PPIs are
recommended for patients post banding ligation, a
comorbidity common in patients with advanced liver
disease. In order to manage the DDIs with PPI/H2RA
agents, 54.2% were on the appropriate dose but
were required to alter administration time; 40.2%
were required to both decrease dose and alter
administration time (40.2%). Supplements such as
milk thistle, cod liver, krill oil, garlic cap, turmeric,
and saw palmetto were recommended to be put on
hold (70.4%) or separated from LDV/SOF (28.3%)
administration time. Although there were few interactions with anticonvulsants (5/472, 0.85%), each
occurrence was associated with a contraindication
with LDV/SOF. For patients taking carbamazepine,
oxcarbazepine, phenobarbital, and phenytoin, the
recommendation was made to transition to an
alternative anticonvulsant prior to initiation of HCV
treatment.

Table 1 Baseline characteristics
Number of patients
Age (mean, yr)
Gender (%)
Female
Male
Race (%)
Caucasian
African American or Black
Asian American
American Indian or Alaska Native
Other and unavailable
Ethnicity (%)
Hispanic
Non-Hispanic
Number of patients on DAAs
LDV/SOF
OBV/PTV/r + DSV
SIM/SOF
SOF/RBV
Fibrosis stage (%)
≤ Stage 2 (minimal to moderate fibrosis)
Stage 3 (advanced fibrosis)
Stage 4 (cirrhosis)
Unknown or unavailable

664
56.7%
42.8%
57.2%
83.4%
6.44%
1.89%
0.30%
7.97%
13.6%
86.4%
369%
48%
114%
133%
35.8%
10.8%
51.5%
1.90%

LDV: Ledipasvir; SOF: Sofosbuvir; OBV: Ombitasvir; PTV: Paritaprevir;
DSV: Dasabuvir; SIM: Simeprevir; RBV: Ribavirin; DAA: Direct acting
antiviral.

OBV/PTV/r + DSV

Analgesics (22/119, 18.5%), vitamins and herbal
supplements (21/119, 17.6%), and hypertensive
agents (19/119, 16.0%) frequently interact with
OBV/PTV/r + DSV. Managing interactions with
analgesics such as morphine, oxycodone, tramadol,
and hydrocodone, can be complicated due to the
variability in dosing, patient response, and opioid tolerance. In order to manage the DDIs with analgesics,
the dose was most often reduced and monitoring
increased (81.8%). Supplements were recommended
to be discontinued during HCV therapy (57.1%), separated by at least four hours (28.6%), or increased
monitoring for adverse events (14.3%). Hypertensive
agents including furosemide and amlodipine can
have a greater affect due to the DDI with OBV/PTV/r
+ DSV. Depending on the dose of the hypertensive
medications and the patient’s blood pressure, the
medications were continued at the same dose with
increased monitoring for hypotension (7/19, 36.8%)
or to decrease the dose (12/19, 63.2%) in anticipation for increased plasma concentration levels of the
hypertensive agents. Other medication classes that
interacted were erectile dysfunction agents (tadalafil),
lipid lowering agents (pravastatin, rosuvastatin),
allergy symptom medications (cetirizine), and insomnia agents (trazodone). Depending on the medication
and indication, often the recommendation was to
decrease the dose (23.5%) or discontinue the agent
(11.8%).

per patient trended upward from 6.50 for patients
with minimal fibrosis to 8.99 for patients with cirrhosis
(Table 3). Despite the greater number of concomitant
medications, there was a similar average number of
DDIs in those with minimal vs more advanced disease.
The most common interactions (identified as ≥ 10%)
were vitamin and herbal supplements (284/781,
36.4%), PPI/H2RA agents (117/781, 15.0%), and
other products (126/781, 16.1%). Table 4 summarizes
the interactions amongst the different drug classes.
Figure 1 shows the recommendations made for the
management of DDIs.

LDV/SOF

In 369 patients prescribed LDV/SOF, 472 drug-drug
interactions were identified. Common interactions
(defined as ≥ 10%) with LDV/SOF included antacids
(72/472, 15.3%), PPI/H 2 RA agents (107/472,
22.7%), and vitamin/herbal supplements (227/472,
48.1%). Ledipasvir, an NS5A inhibitor, is better
absorbed in an acidic environment. When omeprazole
20 mg was administered once daily 2 h prior to
LDV, area underneath the curve (AUC) decreases
[26]
to 0.58 . Therefore, absorption is decreased with
any medications that affect stomach acidity. Overall,
interactions with antacids and PPI/H2RA agents
occurred with (118/472, 25.0%) of our patients prescribed LDV/SOF. This interaction can be challenging
for multiple reasons. These medications are available
without prescription and often patients can forget to
report them during medication reconciliation. Each
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Analgesics (21.3%), hypertensive agents (13.0%),
psychiatrics (20.1%), and vitamins and herbal supple-
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Table 2 Drug-drug interactions identified from baseline medication list
Regimen

n = 664

Total number of
meds

Total number of
interactions, n (%)

Average number of
meds per patient

Average number of
interactions per patient

Contra-indications

369
48
114
133

2996
312
1002
964

472 (15.8)
119 (38.1)
169 (16.8)
21 (2.2)

8.12
6.50
8.79
7.25

1.28
2.48
1.48
0.16

7
4
19
1

LDV/SOF
OBV/PTV/r + DSV
SIM/SOF
SOF/RBV

LDV: Ledipasvir; SOF: Sofosbuvir; OBV: Ombitasvir; PTV: Paritaprevir; DSV: Dasabuvir; SIM: Simeprevir; RBV: Ribavirin.

Table 3 Drug-drug interactions identified per fibrosis stage
Fibrosis stage
Minimal fibrosis (Stage 0-2)
Advanced fibrosis (Stage 3)
Cirrhosis (Stage 4)

n = 664

Total number of
medications

Total number of
interactions n (%)

Average number of
medications per patient

Average number of
interactions per patient

232
72
341

1508
575
3066

249 (16.5)
91 (15.8)
425 (13.8)

6.50
7.99
8.99

1.07
1.26
1.25

Table 4 Drug classes of medications identified as drug-drug
interactions from baseline medication list, n (%)

side effects (56.0%) or to reduce the dose (28.0%) of
these medications (Figure 1).

Drug class

SOF/RBV

Affected portion of the cohort
n = 664

PPI/H2RA agents
Antacids
Vitamin and herbal supplements
Hypertensive agents
Analgesics
Psychiatric agents
Anticonvulsants
Steroids
Others

SOF/RBV had the fewest identified DDIs of any regimen. Ribavirin has the fewest direct interactions for
any of the HCV medications, and sofosbuvir has relatively few as well. Vitamins and herbal supplements
that have not been studied with SOF/RBV represented
the largest group of potential DDIs (81.8%). Since
DDIs have not been evaluated with supplements such
as milk thistle, turmeric, mushroom extract, and horny
goat weed, it was recommended to discontinue these
while on therapy for treating HCV infection (100%).
Due to the DDI between sofosbuvir and carbamazepine, the contraindicated medication was discontinued
prior to initiating HCV treatment in one patient.

117 (17.6)
72 (10.8)
284 (42.7)
53 (8.0)
67 (10.1)
46 (6.9)
4 (0.6)
12 (1.8)
126 (19.0)

PPI: Proton pump inhibitor; H2RA: H2-receptor antagonists.

ments (10.65%) frequently interact with SIM/SOF.
Even though most of these medications have not been
evaluated for DDIs with SIM/SOF, we anticipate the
plasma concentration of these medications to increase
due to mild inhibition of CYP3A4 and OAT1B1 from
[27]
simeprevir . As a result, increase monitoring for side
effects and decrease dose were frequently recommended for analgesics (76.3%; 21.1%), hypertensive
agents (70.0%; 25.0%), and psychiatrics (82.4%;
14.7%). Herbal supplements such as St. John’s wort
and milk thistle are contraindicated with SIM/SOF.
When administered with inducers or inhibitors of
CYP3A4 enzyme, the plasma concentration of SIM is
[28,29]
expected to change
. Therefore, both St. John’s
wort and milk thistle were recommended to be discon
tinued during the course of HCV therapy (100%).
Other medications that had potential interaction with
SIM/SOF were lipid lowering agents, anti-nausea
medications, bladder dysfunction medications, antibacterial agents, and insomnia medications. Based on
the metabolism of these medications, the most common recommendations were to increase monitoring for
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Time management

The clinical pharmacist was able to record his time
spent reviewing medications in 105 consults. These
consults included LDV/SOF, OBV/PTV/r + DSV, and
SOF/RBV, but did not include SIM/SOF. The time
requirement increased with the complexity of the
patient and the number of baseline medications and
drug-drug interactions identified. Consults for patients
prescribed OBV/PTV/r + DSV took the longest for the
pharmacist to complete, averaging 30 min per consult.
SOF/RBV and LDV/SOF were slightly shorter averaging
20 min per consult. This is consistent in relation to our
data that shows more DDIs were identified in patients
prescribed OBV/PRV/r + DSV.

DISCUSSION
Drug-drug interactions continue to be a considerable
challenge for managing patients with HCV treatment.
This study assessed the frequency and pharmacologi-
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Decrease dose and alter
administration time,
5.50%

the supplements are not prescribed, often they are
not documented in the electronic medical records.
Additionally, non-prescription medications and herbal
supplements are rarely studied for interactions. When
data were available or the potential interaction was
minimal, the clinical pharmacist usually recommended
continuing the product. However, if there were no data
to support the safe use of the supplement with HCV
treatment, the clinical pharmacist generally recommended it to be discontinued. This was especially
true with supplements that had no clear benefit to
the patient. Supplements such as multivitamins, fish
oil, and probiotics that have shown benefits in certain
populations, were most often recommended to separate from the DAAs in order to avoid any potential
absorption interaction.
As with most hepatology clinics, the University of
Colorado Hospital Hepatology Clinic largely acts as a
consult service for liver disease management. As a
result, providers through other clinics prescribe most
concomitant medications. Adjusting or switching a
medication due to DDIs can be relatively straightforward with certain medication classes such as lipid
lowering agents and antihypertensive medications.
However, management can be complex with other
DDIs. All currently available HCV therapies have DDIs
with certain anticonvulsants. These anticonvulsants
are normally prescribed and managed through a
specialty neurology clinic, sometimes outside of the
health-system. The clinical pharmacist may not have
access to the neurology clinic notes, and vice versa.
Depending on the disease state being treated and
specific patient factors, an alternative anticonvulsant
that does not interact may not be appropriate. If an
appropriate alternative is found, the switch can involve
specific titration schedules and overlap, requiring
management and specific monitoring. DDIs involving
antipsychotic medication or other mental health
medications are also complex. Patient responses
are varied and sometimes unpredictable to certain
agents, and exacerbation of mental health disease is a
significant health concern. In these situations, it may
be pertinent to choose a different HCV medication regimen with fewer interactions as opposed to switching
the concomitant medications. Prescription insurance
companies often have a specific formulary agent, and
obtaining approval for an alternative HCV regimen can
be challenging and time consuming.
Serious adverse events have been reported due
to DDIs. This includes a case of rhabdomyolysis
associated with telaprevir and simvastatin, renal
failure related to the increased levels of tacrolimus
after starting protease inhibitor therapy, new-onset
diabetes due to the interactions between LDV/SOF
and tenofovir, and severe bradyarrhythmias due to the
[32-35]
interaction between amiodarone and sofosbuvir
.
Although relatively rare, these interactions can lead to

Other,
1.16%

Separate medication
or administration,
18.20%

Discontinuation,
28.90%

Alter administration
time, 9.10%
Alternative
medication,
9.10%

Increase monitoring,
24.10%

Decrease dose,
11.10%

Figure 1 Recommendations for management of drug-drug interactions
(n = 664). Other recommendations: continue, alternative medication and alter
administration, decrease dose and increase monitoring, decrease dose and
separate administration, and increase dose.

cal category of identified DDIs in real-world patients
with HCV in addition to describing the management of
the most common DDIs encountered with the DAAs.
Published data on this topic are lacking. In 2010, a
US insurance cohort showed the top four medication
classes in patients with chronic HCV were analgesics
and/or antipyretics, antidepressants, antivirals, and
gastrointestinal agents including proton pump inhibi[29]
tors . Additionally, the study identified the average
number of baseline medications as 9.0 and 11.4 in
HCV treated and untreated patients, respectively.
[30]
Höner Zu Siederdissen et al
published an account
of potential drug-drug interactions in a cohort of
patients in Hanover, Germany. Our result for the
number of medications per patient at baseline study
(7.86 medications per patient) was comparable with
the US cohort. A significant number of DDIs predicted
in our patient cohort were with analgesics (9%), antihypertensives (7%), and psychiatrics (6%). With
the exception of psychiatrics and analgesics, this is
comparable with both the US and German cohorts.
Use of over-the-counter medications and herbal
supplements presents a challenge for assessing and
managing DDIs in patients. Herbal products are gaining popularity in the US and there is a perception that
herbal medications are safer than conventional medi[31]
cations . These supplements can be recommended
by people other than the patient’s primary healthcare
provider. Other times, patients will forget or not
realize to inform the provider about non-prescription
medications. In the HALT-C study, 44% of 1145
participants in the study with HCV infection admitted
[29]
past or current use of herbal supplements . Because

WJG|www.wjgnet.com

1623

March 7, 2017|Volume 23|Issue 9|

Langness JH et al. Drug-drug interactions in HCV treatment

Innovations and breakthroughs

very serious patient harm or potentially death. These
cases illustrate the importance of having knowledge
of possible drug-drug interactions to prevent severe
side effects. In our study, there were no documented
significant adverse events due to drug-drug interactions. By understanding the pharmacodynamics and
pharmacokinetic profiles of the drugs involved with
interactions, therapy can be safely and effectively
managed in patients with HCV infection.
This study is limited by the retrospective nature of
the review. Additionally, it is a single-center study at
an academic medical center and regional transplant
center, thereby limiting the relatability of the results
to smaller clinics with less complexity. Additionally,
the region lacks significant diversity and the result
may differ with patients of different racial and ethnic
backgrounds. Potential selection bias can also limit
the results, as the patients were not randomized
to each medication regimen but selected based on
patient specific characteristics, medication regimen
characteristics, provider experience and judgment,
and insurance formulary. For patients with cirrhosis,
depending on compensation and Child-Pugh Score,
he or she may not be eligible to receive certain
medication regimens. Due to all of the reasons, only
descriptive statistics were used to analyze the results.
Additionally, measuring the time requirement for the
pharmacists to complete a consult was challenging.
Anecdotally, as the pharmacist was more familiar
with the medications and common DDIs, the time
spent per patient was shortened. Additionally, due to
the nature of a consult position, interruptions were
common making it hard to capture the true amount
of time spent per consult. For these reasons, caution
should be warranted when applying these data to
other clinics.
In conclusion, DDIs are common in patients prescribed HCV medications and the involvement of
a clinical pharmacist can be beneficial to the interdisciplinary hepatology team. Identification and
management of DDIs is resource intensive and
requires medication adjustments and increased monitoring. Clinical pharmacists can encourage preventive
measures on reducing HCV transmission, increase
education adherence, assist in initiating HCV treatment, assist in monitoring clinical and adverse effects,
and facilitate medication acquisition.

Drug-drug interactions continue to be a considerable challenge for managing
patients with HCV treatment. This study assessed the frequency and pharm
acological category of identified DDIs in real-world patients with HCV in addition
to describing the management of the most common DDIs encountered with the
DAAs.

Applications

This retrospective analysis of patients prescribed common HCV treatments
identifies DDIs and the interventions made by the clinical pharmacist, as well
as the approximate time required to complete these activities. This novel
review illustrates that DDIs are common in this population. Identification
and management of DDIs is resource intensive and requires medication
adjustments and increased monitoring. An interdisciplinary care team
including a clinical pharmacist is critical to optimize patient care for new HCV
therapies.

Peer-review

Drug-drug interactions continue to be a considerable challenge for managing
patients with HCV treatment. In this study the authors assessed the frequency
and pharmacological category of identified drug-drug-interactions in realworld patients with HCV. This study suggests an interdisciplinary approach for
managing DDIs. In my opinion, publication will be valuable.
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Abstract
AIM
To evaluate the safety and efficacy of limited endo
scopic sphincterotomy (ES) before placement of selfexpandable metal stent (SEMS).
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METHODS
This was a retrospective analysis of 244 consecutive
patients with unresectable malignant biliary obstruction, who underwent placement of SEMSs following
limited ES from December 2008 to February 2015. The
diagnosis of malignant biliary obstruction and assessment of patient eligibility for the study was established
by a combination of clinical findings, laboratory investigations, imaging and pathological results. All patients
were monitored in the hospital for at least 24 h follo
wing endoscopic retrograde cholangio pancreatography
(ERCP). The incidence of immediate or early post-ERCP
complications such as post-ERCP pancreatitis (PEP) and
bleeding related to limited ES were considered as primary outcomes. Also, characteristics and complications
according to the cancer type were classified.
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RESULTS
Among the 244 patients included, the underlying
diagnosis was cholangiocarcinoma in 118 patients,
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Endoscopic retrograde cholangiopancreatography
(ERCP) along with biliary stenting is a minimally invasive procedure for palliation of biliary obstruction that
provides relief from jaundice and improves the quality
of life of patients with unresectable malignant biliary
[2]
obstruction .
Self-expandable metal stents (SEMS), compared
to plastic stents, have superior patency and are costeffective options in selected preoperative patients or in
[3-5]
patients whose life expectancy exceeds six months .
They are, however, reported to be associated with a
[6,7]
higher incidence of pancreatitis . Previous studies
indicate that performing endoscopic sphincterotomy
(ES) before stent insertion may lower the incidence
[8-10]
of post-ERCP pancreatitis (PEP)
. ES may also
facilitate cannulation of the bile duct during difficult
ERCPs, reduce resistance to the passage of stents,
improve immediate stent deployment, and increase
the luminal diameter of the distal common bile duct
[9-12]
(CBD)
. Many endoscopists routinely perform ES
before SEMS placement. However, the role of routine
ES before stenting is still controversial and no clear
guidelines exist to govern its use. Additionally, ES
is also an independent risk factor for complications
such as pancreatitis, bleeding, and perforation, with a
reported complication rate of approximately 10% and
an overall direct or indirect procedure-related mortality of 0.42%, even when performed by experienced
[2,13-17]
endoscopists
. However, an accurate assessment
of the incidence of complications based on the extent
of ES is difficult to make owing to the lack of such data
in previous studies. Herein, we studied the incidence of
early post-ERCP complications, such as PEP and bleeding following limited ES accompanying SEMS placement for biliary drainage in patients with malignant
biliary obstruction.

pancreatic cancer in 79, and non-pancreatic or nonbiliary malignancies in the remaining 47 patients. Early
post-ERCP complications occurred in 9 patients (3.7%),
with PEP in 7 patients (2.9%; mild, 6; moderate, 1)
and mild bleeding in 2 patients (0.8%). There was
no significant association between the incidence of
post-ERCP complications and the type of malignancy
(cholangiocarcinoma vs pancreatic cancer vs others,
P = 0.696) or the type of SEMS used (uncovered vs
covered, P = 1.000). Patients who had more than one
SEMS placed at the first instance were at a significantly
higher risk of post-ERCP complications (one SEMS vs
two SEMS, P = 0.031). No other factors were predictive
of post-ERCP complications.
CONCLUSION
Limited ES is feasible and safe, and effectively facilitates
the placement of SEMS, without any significant risk of
PEP or severe bleeding.
Key words: Endoscopic sphincterotomy; Endoscopic
retrograde cholangio pancreatography; Complications;
Pancreatitis; Bleeding; Cholestasis; Self-expandable
metal stent
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role of routine endoscopic sphincterotomy
(ES) is still controversial in biliary stenting and there
is a lack of systematic study for the extent of ES and
its correlation with the incidence of complications. We
retrospectively evaluated the safety and efficacy of
limited ES before self-expandable metal stent insertion.
We have proved in this study that limited ES doesn’t
increase the risk of post-procedure complications
such as post-endoscopic retrograde cholangio pancre
atography pancreatitis and bleeding. Also, it is
advantageous in facilitating the more complex stenting
procedures. Therefore, limited ES can be a safe,
feasible, and effective therapeutic strategy in the place
ment of self-expandable metal stent.

MATERIALS AND METHODS
Patients

This was a retrospective analysis of all patients who
underwent endoscopic biliary SEMS placement for the
first time for malignant biliary obstruction at the Pusan
National University Yangsan Hospital during the sixyear period from December 2008 to February 2015.
Patients that underwent transpapillary SEMS placement after limited ES for a diagnosis of distal or hilar
malignant biliary strictures were included in this study.
Diagnosis of the disease and assessment of patient
eligibility for the procedure was based on a combination of clinical findings, laboratory investigations and
radiological studies including computed tomography
(CT) scan, magnetic resonance imaging (MRI) and/or
endoscopic ultrasound (EUS). In case of without cholangitis, painless jaundice and/or pruritus, sometimes
anorexia, weight loss and malaise were main clinical
symptoms. The main laboratory parameters recorded
were complete blood count (CBC), total bilirubin, liver

Nam HS, Kang DH, Kim HW, Choi CW, Park SB, Kim SJ, Ryu
DG. Efficacy and safety of limited endoscopic sphincterotomy
before self-expandable metal stent insertion for malignant biliary
obstruction. World J Gastroenterol 2017; 23(9): 1627-1636
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i9/1627.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1627

INTRODUCTION
Malignant biliary obstruction is mainly caused by
cholangiocarcinoma, pancreatic cancer, gallbladder
cancer, and metastatic disease. The prognosis is very
poor because the lesions are unresectable at diagnosis
in the majority of these patients, with less than 20%
[1]
of the patients being suitable for surgical resection .
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function tests including alanine aminotransferase,
alkaline phosphatase, γ-glutamyltransferase and tumor
markers such as CEA and CA 19-9. CT scan was performed for all patients as an initial test, while MRI was
performed in all patients with suspicious malignant biliary strictures. MRI was not performed in uncooperative
patients or if contraindicated owing to the presence of
intracorporeal metallic device or foreign body. EUS was
not routinely performed, and was limited to investigating indeterminate biliary strictures, nonvisible masses,
or when tissue acquisition was required for definite
diagnosis. Pathology results were reviewed in cases
where biopsy was performed during ERCP or EUS.
Exclusion criteria were previous ES or stent placement,
coagulopathy (international normalized ratio > 1.5),
low platelet count (< 50000/mL), current use of
anticoagulant or antiplatelet drugs, severe cholangitis
with or without septic shock, Billroth II anatomy or
Roux-en-Y gastrojejunostomy, and severe heart or
pulmonary disease. The study protocol was approved
by the ethics committee of the Institutional Review
Board of Pusan National University Yangsan Hospital
(IRB No. 05-2015-081).

12 cm) and the need for unilateral or bilateral stent
placement were determined based on the location and
length of the biliary stricture. Stent placement ensured
that the stent spanned the stricture with either end
of the stent extending a minimum of 1 cm beyond
the stricture. In the case of distal biliary strictures,
the distal end of SEMS was placed across the papilla
with 1 cm of the distal end of the stent exposed in the
duodenum. In the case of hilar biliary strictures, SEMS
was placed above the sphincter of Oddi. All patients
were monitored in the hospital for at least 24 h after
ERCP to identify early post-ERCP complications. CBC,
serum amylase, and lipase levels were routinely evaluated at 4 h and 24 h after the procedure. Endoscopy
was performed to evaluate ES-related-bleeding on
the day following stent placement. All adverse events
were recorded. During the follow up period, ERCP was
repeated on suspecting stent complications such as
occlusion or migration.

Definitions

According to updated Tokyo guidelines (TG13) for
diagnosis and severity grading of acute cholangitis,
cholangitis was defined as fever and/or shaking chills,
increased inﬂammatory response (abnormal white
blood cell counts, increased serum C-reactive protein
levels) and jaundice (total bilirubin ≥ 2 mg/dL) or
abnormal liver function tests (> 1.5 × upper limit of
[18]
normal value) . Severe cholangitis is defined as the
presence of accompanying organ dysfunction caused
by biliary sepsis, and requiring intensive care such
[18]
as respiratory and circulatory support . Limited ES
was defined as sphincterotomy less than one-third the
[19]
extent of major ES . Definitions of individual postprocedure complications were according to the descrip[20]
tions given by Cotton et al . PEP was defined as newonset or worsening abdominal pain lasting more than
24 h after the procedure, in conjunction with pancreatic enzyme (amylase and/or lipase) elevation that was
at least three times the upper limit of the normal, with
or without radiographic evidence of acute pancreatitis.
The severity of PEP was graded by using the number
of hospitalization days: mild, when hospitalization was
prolonged by 2 to 3 d, moderate, by 4 to 10 d, and
[20]
severe, by more than 10 d . Bleeding was defined as
the presence of melena or hematemesis, irrespective
of the need for blood transfusion or repeat endoscopy.
Mild bleeding was defined as hemoglobin drop within
2 g/dL, with no necessity for blood transfusion. The
presence of bleeding was identified based on patient’
s history (melena or hematemesis) and a drop in
hemoglobin level following the procedure. Perforation
was considered as perforation of retroperitoneum or
bowel walls documented by any of the radiographic
[21]
techniques . Complications were graded according
[20]
to the grading system described by Cotton et al .
Early complications or adverse events were defined as
any ERCP-related complications occurring within 30 d

Study protocol

Patient characteristics including age, sex, history
of previous procedures and baseline biochemical
and hematological values were collected prior to
performing ERCP. SEMS placement was performed in
all patients by one of two experienced endoscopists
(endoscopist A had performed > 10000 ERCPs over
20 years; endoscopist B had performed > 2000 ERCPs
over 10 years). All patients received intravenous (IV)
broad-spectrum antibiotics. Nafamostat mesilate (20
mg) was administered for all patients for preventing
post-ERCP pancreatitis. Nonsteroidal anti-inflammatory
drugs were not used routinely. All procedures were
performed under conscious sedation by using IV midazolam and pethidine, with the patient in the supine
or left lateral decubitus position. Cimetropium bromide
10 mg IV was administered to reduce duodenal peristalsis. All ERCPs were performed by using a standard
side-viewing duodenoscope (JF-260 V or TJF-240;
Olympus Optical Co., Ltd., Tokyo, Japan). Selective
cannulation of the bile duct was achieved by using a
pull-type double-lumen sphincterotome (Ultratome XL,
Boston Scientific, Natick, Mass) or by a conventional
ERCP catheter (Fluoro Tip, Boston Scientific), with or
without a hydrophilic guidewire (0.025- or 0.035-inch
Jagwire, Boston Scientific). A wire-guided cannulation
technique was attempted first, followed by the conventional contrast-assisted cannulation technique if biliary
cannulation was not achieved within 10 min. After successful guidewire placement, limited sphincterotomy
was performed with blended current. Limited ES was
defined as ES limited to one-third the extent of major
ES. A metal stent was then inserted over the guidewire
under fluoroscopic control. Stent length (4 cm to
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of the procedure. Patency interval was defined as the
period between the first SEMS deployment and the
occurrence of stent complications such as occlusion or
migration.

Table 1 Patient characteristics and endoscopic retrograde
cholangio pancreatography related data (n = 244)
Characteristics
Age (yr), mean ± SD (range)
Sex, n (%)
Male
Female
Aspirin, n (%)
Total bilirubin (mg/dL), pre-procedure, mean ±
SD (range)
Normal
Elevated
Hyperamylasemia, pre-procedure, n (%)
Cholangitis, pre-procedure, n (%)
Diagnosis, n (%)
Cholangiocarcinoma
Hilar
Distal
Pancreatic cancer
Head
Body/Tail
Gallbladder cancer
Ampullary cancer
Hepatocellular carcinoma
Others
Pancreatic duct invasion, n (%)
Yes
No
Lymph node metastasis, n (%)
Yes
No
Pancreatic duct injection, n (%)
0
1-2
≥3
ERPD, n (%)
Stent success rate, n (%)
Number of initially inserted SEMS, n (%)
1
2
Stent type, n (%)
Uncovered
Covered
Post-ERCP complication, n (%)
Present
Absent'
Post-ERCP complication type, n (%)
Pancreatitis
Mild / moderate
Bleeding, mild
Perforation
Post-ERCP hyperamylasemia, n (%)
Stent complication, n (%)
None
Stent occlusion
Stent migration
Patency, n (%)
No further procedure
ERBD restent
SEMS restent
PTBD

Value
70.8 ± 10.2 (44-95)

Statistical analysis

The primary outcomes measured were immediate or
early complications within 30 d of the procedure. For
inter-group differences, Student’s t-test was performed
2
for continuous variables, and χ test or Fisher’s exact
test were performed for categorical variables. Results
were considered statistically significant at a P value
< 0.05. Data were analyzed by using SPSS software
version 18.0 (SPSS, Chicago, IL, United States).

130 (53.3)
114 (46.7)
3 (1.2)
7.09 ± 6.45 (0.2-28.9)
53 (21.7)
191 (78.3)
14 (5.7)
68 (27.9)
118 (48.4)
75 (63.6)
43 (36.4)
79 (32.4)
68 (86.1)
11 (13.9)
21 (8.6)
18 (7.4)
3 (1.2)
5 (2.0)

RESULTS
A total of 244 patients that underwent limited ES
and biliary stenting for malignant biliary obstruction
between December 2008 and February 2015 were
included in the study. The etiology of malignant biliary
obstruction included cholangiocarcinoma (n = 118,
48.4%), pancreatic cancer (n = 79, 32.4%), and
others including gallbladder cancer (n = 21, 8.6%),
ampullary cancer (n = 18, 7.4%), and hepatocellular
carcinoma and metastatic cancer (n = 8, 3.2%). Mean
age was 70.8 ± 10.2 (range, 44-95) years and 130
(53.3%) were males and 114 (46.7%) were females.
Stents were successfully deployed in all patients.
Early post-ERCP complications occurred in 9
patients (3.7%), including PEP in 7 patients (2.9%;
mild, 6; moderate, 1), and mild bleeding in 2 patients
(0.8%). All patient with post-ERCP complications
responded to conservative management. Stent occlusion and migration developed in 44 patients (18.0%)
and 1 patient (0.4%), respectively. Patients with late
complications underwent repeat ERCP or percutaneous
transhepatic biliary drainage. Patient characteristics
and ERCP related data are summarized in Table 1.
On categorizing patients into three groups on the
basis of cancer location, PEP developed in 4 patients
(3.4%, 4/118) with cholangiocarcinoma, 1 patient
(1.3%, 1/79) with pancreatic cancer, and 2 patients
(4.3%, 2/47) with non-pancreatic, non-biliary cancers
(P = 0.681). There were no significant differences
among these three groups as to the incidence of
immediate or early complications (P = 0.696) (Table
2). In the cholangiocarcinoma group, the incidence of
PEP was 4.0% and 2.3% with hilar and distal cholangiocarcinoma, respectively (P = 0.537). One patient
with hilar cholangiocarcinoma had mild bleeding (Table
3). In the pancreatic cancer group, one patient had
PEP and another had mild bleeding. Both complications
developed in patients with pancreatic head cancer and
none were reported in cases of pancreatic body and/or
tail cancer (Table 4).

85 (34.8)
159 (65.2)
170 (69.7)
73 (29.9)
187 (76.6)
24 (9.8)
33 (13.5)
4 (1.6)
244 (100)
230 (94.3)
14 (5.7)
190 (77.9)
54 (22.1)
9 (3.7)
234 (95.9)
7 (2.9)
6 (2.5)/1 (0.4)
2 (0.8)
0 (0)
30 (12.3)
199 (81.6)
44 (18.0)
1 (0.4)
199 (81.6)
1 (0.4)
32 (13.1)
12 (4.9)

SEMS: Self-expandable metal stent; ERPD: Endoscopic retrograde pancreatic
drainage; ERBD: Endoscopic retrograde biliary drainage; PTBD: Percutaneous
transhepatic biliary drainage.
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Table 2 Characteristics and complications according to the cancer type

Age (yr), mean ± SD
Hyperamylasemia, pre-procedure, n (%)
Cholangitis, pre-procedure, n (%)
Pancreatic duct invasion, n (%)
Yes
No
Lymph node metastasis, n (%)
Yes
No
Pancreatic duct injection, n (%)
0
1-2
≥3
Number of initially inserted SEMS, n (%)
1
2
Post-ERCP complication, n (%)
Present
Absent
Post-ERCP complication type, n (%)
Pancreatitis
Mild/moderate
Bleeding, mild
Perforation
Post-ERCP hyperamylasemia, n (%)
Stent complication, n (%)
None
Stent occlusion
Stent migration
Patency, n (%)
No further procedure
ERBD restent
SEMS restent
PTBD

Cholangiocarcinoma
n = 118

Pancreatic cancer
n = 79

non-pancreaticobiliary cancer
n = 47

P value

73.5 ± 9.4
6 (5.1)
28 (23.7)

67.8 ± 10.4
3 (3.8)
19 (24.1)

69.3 ± 10.3
5 (10.6)
21 (44.7)

0.002
0.273
0.021
< 0.001

12 (10.2)
106 (89.8)

64 (81.0)
15 (19.0)

9 (19.1)
38 (80.9)

77 (65.3)
41 (34.7)

58 (73.4)
21 (26.6)

35 (74.5)
12 (25.5)

92 (78.0)
8 (6.8)
18 (15.3)

59 (74.7)
9 (11.4)
11 (13.9)

36 (76.6)
7 (14.9)
4 (8.5)

106 (89.8)
12 (10.2)

79 (100.0)
0 (0.0)

45 (95.7)
2 (4.3)

5 (4.2)
113 (95.8)

2 (2.5)
77 (97.5)

2 (4.3)
45 (95.7)

4 (3.4)
3 (2.5)/1 (0.8)
1 (0.8)
0 (0)
13 (11.0)

1 (1.3)
1 (1.3)/0 (0)
1 (1.3)
0 (0)
9 (11.4)

2 (4.3)
2 (4.3)/0 (0)
0 (0)
0 (0)
8 (17.0)

90 (76.3)
27 (22.9)
1 (0.8)

70 (88.6)
9 (11.4)
0 (0)

39 (83.0)
8 (17.0)
0 (0)

90 (76.3)
1 (0.8)
20 (16.9)
7 (5.9)

70 (88.6)
0 (0)
9 (11.4)
0 (0)

39 (83)
0 (0)
3 (6.4)
5 (10.6)

0.345

0.606

0.004

0.696

0.914
0.681

0.539

0.161

SEMS: Self-expandable metal stent; ERBD: Endoscopic retrograde biliary drainage; PTBD: Percutaneous transhepatic biliary drainage.

Table 3 Rates of complications on biliary stenting with limited endoscopic sphincterotomy according to location of
cholangiocarcinoma
Hilar

Post-ERCP complication type, n (%)
Pancreatitis
Mild/moderate
Bleeding, mild
Perforation
Post-ERCP hyperamylasemia, n (%)
Stent complication, n (%)
None
Stent occlusion
Stent migration

Distal

n = 75

n = 43

3 (4.0)
2 (2.7)/1 (1.3)
1 (1.3)
0 (0.0)
7 (9.3)

1 (2.3)
1 (2.3)/0 (0)
0 (0.0)
0 (0.0)
5 (11.6)

57 (76.0)
17 (22.7)
1 (1.3)

33 (76.7)
10 (23.3)
0 (0.0)

P value
0.717

0.756
1.000

ERCP: Endoscopic retrograde cholangio pancreatography.

occurred in 2 patients (1.1%) in the uncovered SEMS
group alone. No significant differences were found
between these two groups as to the incidence of postERCP complications (P = 1.000) (Table 5).
On comparing patients with no complications (n =
235) and those with complications (n = 9), the only

On categorizing patients based on the type of
SEMS deployed, 190 patients (78%) had uncovered
SEMS while 54 patients (22%) had covered SEMS.
Rates of PEP with uncovered and covered SEMS were
2.6% (5/190; mild, 4; moderate, 1) and 3.7% (2/54,
both mild), respectively (P = 0.652). Mild bleeding
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Table 4 Rates of complications on biliary stenting with limited endoscopic sphincterotomy according to location of pancreatic
cancer

n = 68

Head

Body / Tail
n = 11

1 (1.5)
1 (1.5)
1 (1.5)
1 (1.5)
8 (11.8)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (18.2)

60 (88.2)
8 (11.8)
0 (0.0)

10 (90.9)
1 (9.1)
0 (0.0)

P value

Post-ERCP complication type, n (%)
Pancreatitis
Mild/moderate
Bleeding, mild
Perforation
Post-ERCP hyperamylasemia, n (%)
Stent complication, n (%)
None
Stent occlusion
Stent migration

1.000

0.624
1.000

ERCP: Endoscopic retrograde cholangio pancreatography.

Table 5 Rates of complications on biliary stenting with limited endoscopic sphincterotomy according to stent type

Normal
Abnormal
Post-ERCP complication, n (%)
Present
Absent'
Post-ERCP complication type, n (%)
Pancreatitis
Mild / moderate
Bleeding, mild
Perforation
Post-ERCP hyperamylasemia, n (%)
Stent complication, n (%)
None
Stent occlusion
Stent migration
Patency, n (%)
No further procedure
ERBD restent
SEMS restent
PTBD

Uncovered
n = 190

n = 54

Covered

181 (95.3)
9 (4.7)

49 (90.7)
5 (9.3)

7 (3.7)
183 (96.3)

2 (3.7)
52 (96.3)

5 (2.6)
4 (2.1) / 1 (0.5)
2 (1.1)
0 (0)
25 (13.2)

2 (3.7)
2 (3.7) / 0 (0)
0 (0)
0 (0)
5 (9.3)

156 (82.1)
33 (17.4)
1 (0.5)

43 (79.6)
11 (20.4)
0 (0)

156 (82.1)
1 (0.5)
28 (14.7)
5 (2.6)

43 (79.6)
0 (0)
4 (7.4)
7 (13)

P value

1.000

0.838

0.638
0.758

0.012

SEMS: Self-expandable metal stent; ERBD: Endoscopic retrograde biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; ERCP: Endoscopic
retrograde cholangio pancreatography.

[9]

factor that was significantly different between the two
groups was the number of SEMS initially deployed [one
SEMS vs two SEMS (bilateral), P = 0.031] (Table 6). Of
the 231 patients with one SEMS, 5 patients developed
PEP and 2 patients developed mild bleeding, while of
the 13 patients with two SEMS, 2 patients developed
PEP.

tion and pancreatitis . Some studies have reported
that the risks of ES might exceed any benefits owing to
[15]
a high incidence of ES-related complications . Cotton
[20]
et al
reported bleeding and pancreatitis as major
[15]
early complications with ES. Freeman et al
evaluated early complications following ES and reported
their incidence as 9.8% (pancreatitis, 5.4%; bleeding,
2.0%).
Previous studies, however, lack details regarding
the extent of ES and its correlation with the incidence
of complications. In this study, we performed limited
ES before SEMS placement and described the safety of
limited ES by evaluating early post-ERCP complications
in patients with malignant biliary obstruction. The overall rate of early post-ERCP complications after SEMS
placement with limited ES was 3.7%, including a 2.9%
incidence of PEP, and 0.8% of mild bleeding. These

DISCUSSION
ES is an established technique and is commonly used
to facilitate biliary stone removal. In contrast, the role
of routine ES prior to stent insertion is still controversial. Many endoscopists prefer to perform ES before
stenting to reduce the risk of PEP, achieve better biliary
drainage, and facilitate stent placement. However,
sphincterotomy carries risks such as bleeding, perfora-
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Table 6 Characteristics according to complications on biliary stenting with limited endoscopic sphincterotomy

Age (yr), mean ± SD (range)
Gender, n (%)
Male
Female
Total bilirubin (mg/dL), pre-procedure, mean ± SD
Normal
Elevated
Hyperamylasemia, pre-procedure, n (%)
Cholangitis, pre-procedure, n (%)
Diagnosis, n (%)
Cholangiocarcinoma
Hilar
Distal
Pancreatic cancer
Head
Body/tail
Gallbladder cancer
Ampullary cancer
Hepatocellular carcinoma
Others
Pancreatic duct invasion, n (%)
Yes
No
Lymph node metastasis, n (%)
Yes
No
Pancreatic duct injection, n (%)
0
1-2
≥3
Number of inserted SEMS, n (%)
1
2
Stent type, n (%)
Uncovered
Covered
Stent complication, n (%)
Stent occlusion
Stent migration
Patency, n (%)
No further procedure
ERBD restent
SEMS restent
PTBD

No complication
n = 235

Complication
n =9

P value

70.61 ± 10.33

75.27 ± 5.55

0.993
1.000

126 (53.6)
109 (46.6)
7.00 ± 6.46
52 (22.2)
183 (77.8)
13 (5.5)
64 (27.2)

5 (55.5)
4 (44.5)
8.38 ± 6.54
1 (11.1)
8 (88.9)
1 (11.1)
4 (44.4)

112 (47.6)
71 (30.2)
41 (17.4)
77 (32.8)
66 (28.1)
11 (4.7)
20 (8.5)
18 (7.7)
3 (1.3)
5 (2.1)

6 (66.7)
4 (44.4)
2 (22.2)
2 (22.2)
2 (22.2)
0 (0.0)
1 (11.1)
0 (0.0)
0 (0.0)
0 (0.0)

80 (34.0)
155 (66.0)

5 (55.6)
4 (44.4)

166 (70.6)
69 (29.4)

5 (55.6)
4 (44.4)

181 (77.0)
23 (9.8)
31 (13.2)

6 (66.7)
1 (11.1)
2 (22.2)

224 (95.3)
11 (4.7)

7 (77.8)
2 (22.2)

183 (77.9)
52 (22.1)

7 (77.8)
2 (22.2)

42 (17.9)
1 (0.4)

2 (22.2)
0 (0.0)

192 (81.7)
1 (0.4)
31 (13.2)
11 (4.7)

7 (77.8)
0 (0.0)
1 (11.1)
1 (11.1)

0.362
0.453
0.485
0.472
0.748

0.324

0.176

0.662

0.031

1.000

1.000

0.512

SEMS: Self-expandable metal stent; ERBD: Endoscopic retrograde biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; ERCP: Endoscopic
retrograde cholangio pancreatography.

rates of complications are relatively low compared to
the complication rates of approximately 10% and an
[2,13-17]
overall mortality of 0.42% in published data
.
Bleeding is a serious complication of ES and its
[12,22-25]
incidence is reported to be between 1 and 10%
.
In our study, only 2 patients (0.8%) developed mild
bleeding, which could be managed by conservative
treatment. No instances of moderate or severe bleed[26]
ing were reported. Wang et al , in their analysis of
delayed hemorrhage following ES in 1741 patients
did not find delayed bleeding in any patient who
underwent small ES (n = 194). These results might be
related to the limited extent of the ES and the com[27]
pressive effect of the SEMS . On the basis of these
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studies, limited ES does not seem to be associated
with clinically significant bleeding.
[28]
A recent meta-analysis by Cui et al , analyzing
biliary stenting for malignant biliary obstruction
reported that the incidence of PEP was significantly
lower with ES than without ES (3.5% vs 8.9%, P = 0.04,
OR = 0.34, 95%CI: 0.12-0.93) and recommended ES
before stent placement as a useful option to reduce
the incidence of PEP. Similar low rates (2.2%) were
[29]
reported by Giorgio et al in their randomized control
trial involving 10 Fr plastic stent after ES for inoperable
malignant common bile duct (CBD) obstruction. In our
study, despite the absence of a control group, the low
rate of PEP (2.9%) is comparable to the results of the
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two above-mentioned studies. Our PEP rates are also
low compared to the rates of 9.4% and 6.3%, with
metal stent placement following ES for distal biliary
[17]
strictures, reported by Hayashi et al and by Kahaleh
[30]
et al , respectively. In our study, the incidence of PEP
was 4.0% in hilar cholangiocarcinoma and 2.3% in distal cholangiocarcinoma. Although the outcomes with ES
for malignant biliary strictures, especially cholangiocarcinoma, are controversial, several previous studies have
demonstrated a lower incidence of PEP in the ES group
[8,9,31]
[8]
compared to the non-ES group
. Jeong et al
investigated the risk of pancreatitis in patients with
malignant obstructive jaundice following percutaneous
or transpapillary stent placement. They also studied
the effect of preliminary ES in the transpapillary stent
group. Their results demonstrated a higher rate of
pancreatitis in the transpapillary stent group (P = 0.502)
and the authors concluded that SEMS placement
through the intact sphincter of Oddi may increase the
risk pancreatitis.
The management of hilar obstruction is more difficult than distal bile duct strictures because of the
underlying anatomical and technical complexity.
Bilateral stent placements for Bismuth type Ⅱ to Ⅳ
hilar cholangiocarcinoma are also very complicated
[32]
and result in increased endoscopic manipulations .
The higher incidence of post-ERCP complications in
patients who had two SEMS (bilateral stents) placed
could be related to these reasons. In these situations, limited ES before stenting could be an effective
strategy for facilitating more complex stenting pro[33]
cedures . Limited ES may allow for easier stent
placement and reduce resistance to biliary instrumentation. Additionally, proximal bile duct strictures
may contribute to a fulcrum effect resulting in medial
displacement of the distal stent and, consequently,
[9]
stent related compression of the pancreatic duct .
Limited ES might prevent the risk of pancreatitis by
reducing stent-related pancreatic duct obstruction. In
case of distal CBD strictures, ES may allow the stent
to achieve a better final diameter, and thus, better
drainage.
Our data demonstrated a lower rate of PEP in
patients with cholangiocarcinoma compared to previous studies. Limited ES, therefore, could be an
effective and useful technique to prevent PEP following stenting for cholangiocarcinoma, especially hilar
tumors. The incidence of PEP was lesser in pancreatic
cancers than in cholangiocarcinoma in this study (1.3%
vs 3.4%, P = 0.681). Some studies demonstrated that
pancreatic cancers with obstruction of the main pancreatic duct had a lower degree of PEP, possibly due to
diminished pancreatic exocrine function and suggested
[12,17,28,32]
that ES may be unnecessary in such cases
.
Although further confirmation is required, we noted
that performing limited ES prior to SEMS placement
in patients with unresectable pancreatic cancers did
not result in a higher incidence of adverse events
[17]
compared to published data . Additionally, it is pos-
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sible that ES may be advantageous in selected cases,
depending on pancreatic duct status, stent diameter, stent type (especially fully covered SEMS) or
ampulla size, in rendering the procedure easier as biliary strictures secondary to pancreatic cancer tend
to be narrow and rigid. ES may also facilitate stent
[32]
exchange during the follow-up period
as demonstrated in our study, where the success rate of SEM
restenting, when indicated, was 97%.
Stent migration is a late complications of biliary
stenting with ES. Stent migration seems to be associated with stent type as well as ES. Covered SEMS are
not fully embedded in bile duct, and therefore, are
associated with the potential risk of stent migration. A
previous study reported increased frequency of stent
migration when ES was performed before placement
[16]
of covered SEMS . In contrast, other studies did not
[29,34]
support this finding
. In our study, stent migration
occurred in only 1 patient (0.4%) and limited ES did
not seem to be a significant factor associated with
migration, regardless of the stent type.
This retrospective study has a few limitations. First,
the possibility of inaccurate data collection cannot be
overlooked. For example, procedure-related abdominal
pain is difficult to distinguish from the breakthrough
pain of malignancy and may have contributed to a bias
in measuring the rate of PEP. Second, this study had a
single-center design without a control group (non-ES
group), which might influence the interpretation of the
effect of limited ES. Further prospective multicenter
studies with the inclusion of control groups are needed
to overcome these limitations.
In conclusion, limited ES is a feasible, safe and
effective procedure to facilitate placement of SEMS in
patients with malignant biliary obstruction. Limited ES
is not significantly associated with complications like
severe bleeding or PEP and its use may represent a
better strategy to achieve successful stent placement,
especially in cases like hilar strictures that require
complex procedural techniques.
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SEMS in patients with malignant biliary obstruction.
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Abstract
AIM
To assess the efficacy and safety of fibrin sealant for
closure of mucosal penetration at the cardia during
peroral endoscopic myotomy (POEM).

Informed consent statement: Informed consent was waived
due to the retrospective nature of this study.
Conflict-of-interest statement: We declare that we have
no financial and personal relationships with other people or
organizations that can inappropriately influence our work.

METHODS
Twenty-four patients who underwent POEM and
experienced mucosal injury of the cardia during the
procedure were retrospectively identified. Of the
24 patients, 21 had mucosal penetration and 3 had
only slight mucosal damage without penetration.
The 21 patients with mucosal penetration received
fibrin sealant for closure at the site of penetration.
Penetration-related characteristics, treatment, and
recovery were reviewed for all 21 patients to assess
the efficacy and safety of fibrin sealant for closure
of mucosal penetration at the cardia. Clinical data,
including general characteristics, procedure-related
parameters, Eckardt scores, lower esophageal sphincter
pressures (LESP), and esophagogastroduodenoscopy
(EGD) results, were analyzed to determine their influ
ence on treatment success after mucosal penetration
during POEM.
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RESULTS
All 21 patients had a solitary mucosal penetration in
the cardia (12 in esophageal region of the cardia, 9
in the stomach region of the cardia, and 1 in both
the esophageal and stomach regions). Twelve had a
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hole-like penetration and 9 had a linear penetration.
For those with a hole-like penetration, the mean size
2
2
was 0.14 cm (0.02-0.32 cm ). For those with a linear
penetration, the median size was 0.37 cm (0.10-1.00
cm). Closure of the mucosal penetration using fibrin
sealant was performed successfully in all 21 patients
(two patients required 5 mL fibrin sealant, and the
remaining 19 patients required 2.5 mL). Two patients
had a nasogastric tube placed for five days after POEM;
the remaining 19 patients were kept fasting for 3 d.
All 21 patients were discharged after a median of 5 d
(range: 5-7 d) postoperatively. During a median 42
mo (range: 9-62 mo) follow-up, all 21 patients with
a mucosal penetration successfully healed without
the occurrence of infection, ulcer, or esophagitis.
Furthermore, the median LESP decreased from 31.9
mmHg (range: 21.9-67.1 mmHg) preoperatively to
20.3 mmHg (range: 6.0-41.0 mmHg) postoperatively
(P < 0.05). The median preoperative and postoperative
Eckardt scores were 5.0 (range; 4-10) and 1.0 (range:
0-4), respectively (P < 0.05). Of the 21 patients with
mucosal penetration, symptom remission, which is
defined as a postoperative Eckardt score ≤ 3, was
achieved in 20 patients (95.2%) indicating that mucosal
penetration did not influence the success of POEM
treatment if closed successfully using fibrin sealant.

Zhang WG, Linghu EQ, Li HK. Fibrin sealant for closure of
mucosal penetration at the cardia during peroral endoscopic
myotomy: A retrospective study at a single center. World J
Gastroenterol 2017; 23(9): 1637-1644 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1637.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1637

INTRODUCTION
Peroral endoscopic myotomy (POEM) is an effective
and safe procedure for achalasia, and is becoming
[1-4]
one of the first-line therapies to treat achalasia .
However, some major perioperative adverse events
after POEM have been reported; mucosal penetration
[1,2,5,6]
is one of the most dangerous adverse events
.
Mucosal penetration has been reported to occur in
[1,2,5,7]
4.2%-17.3% of POEM procedures
. Different
studies have reported on different treatment strategies, including observation without special treatment,
sealing of the penetration injury by hemostatic clips,
and closing the penetration defect using fibrin seal[8,9]
ant
. Mucosal penetration usually occurs at the
cardia, where a myotomy is performed during POEM.
We previously reported the usage of fibrin sealant
for mucosal penetration at the cardia in two cases in
[7]
2012 . However, long-term outcomes with a larger
population are needed to further assess this treatment
strategy. To the best of our knowledge, there is still no
evidence regarding the treatment response to fibrin
sealant for mucosal penetration during POEM in a
larger cohort. The purpose of the present study was
to evaluate the efficacy and safety of fibrin sealant for
closure of mucosal penetration at the cardia during
POEM.

CONCLUSION
Fibrin sealant is safe and effective for closure of
mucosal penetration during POEM. Mucosal penetra
tions do not appear to influence the treatment success
of POEM if closed successfully using fibrin sealant.
Additional studies regarding the feasibility, efficacy, and
safety of fibrin sealant for closure of larger mucosal
penetrations is warranted.
Key words: Fibrin sealant; Mucosal penetration; Peroral
endoscopic myotomy; Efficacy; Safety
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Mucosal penetration is one of the most dan
gerous adverse events during peroral endoscopic
myotomy (POEM). We first reported the feasibility of
fibrin sealant for closure of mucosal penetration at the
cardia in two cases in 2012. However, there remains
a lack of evidence about the treatment response to
fibrin sealant for mucosal penetration in a cohort of
patients who experienced this complication. Thus, we
retrospective identified and analyzed the cases for
21 patients who experienced a mucosal penetration
and received fibrin sealant for penetration closure
during POEM, providing further support for the efficacy
and safety of fibrin sealant for penetration closure.
Moreover, instructions regarding the usage of fibrin
sealant for penetration closure were provided for
endoscopists who might be worried about mucosal
penetrations during POEM.

Twenty-four patients who underwent POEM and
experienced mucosal injury of the cardia during the
procedure between November 2010 and February
2016 were identified and collected. Of these, 21 had
mucosal penetration and 3 had only minor mucosal
damage without penetration. All 21 patients with a
penetrating injury received fibrin sealant for closure
of the mucosal penetration; these 21 patients were
included in the analysis.
Prior to undergoing POEM, all patients had undergone esophagogastroduodenoscopy (EGD), highresolution manometry (HRM), and had their symptoms
evaluated using Eckardt scores to confirm a diagnosis
of achalasia.

WJG|www.wjgnet.com

Patients

POEM procedure

Patients were admitted and fasted for 48 h before
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over the GEJ to approximately 2-3 cm into the proximal stomach. The myotomy started 2 cm distal to the
incision and extended 2-3 cm into the stomach. After
complete hemostasis and ensuring that an endoscope
could easily pass the cardia, the mucosal incision was
sutured with hemostatic clips.
In the present study, four different types of myo
tomy were performed, including inner circular muscle
myotomy, full-thickness myotomy, glasses-style antireflux myotomy, and progressive full-thickness myotomy.
Glasses-style anti-reflux myotomy retains about 1
cm of longitudinal muscle at the level of the dentate
line after incision of the inner circular muscle, and
makes selective incision of the longitudinal muscle
right above and below the dentate line. The retained
1 cm of longitudinal muscle is expected to achieve the
best result to prevent reflux after POEM.

A

B

Closure of mucosal penetration

Once mucosal penetration occurred during the POEM
procedure, fibrin sealant was sprayed into the penetrating injury in the submucosal tunnel under direct
endoscopic visualization to ensure that the fibrin sealant fully covered the defect (Figure 1). The amount
of fibrin sealant consumed was based on the size of
the defect. For large penetrations, which were difficult
to close only using fibrin sealant, a hemostatic clip
was used to make a preliminary clipping that approxi
mated the edges of the defect; then, fibrin sealant
was sprayed to fully cover the penetration defect
(Figure 2).

C

Postoperative treatment

X-ray or chest and abdomen computed tomography
(CT) was routinely performed postoperatively to
evaluate for gas-related complications immediately
after POEM. Delayed hemorrhage, pulmonary infection, and other complications were also monitored
under EGD after the procedure. Evaluation of tunnel
infection or penetration-raised esophagitis also occurs
during the postoperative EGD examination, especially
if the mucosa was penetrated during the procedure.
After fasting for 3 d postoperatively, a liquid diet was
followed for 1 d, then a soft diet. A regular diet was
resumed 1 mo after POEM. Postoperative medications,
including double-dose proton pump inhibitor (PPI) and
antibiotics, were prescribed; PPI was required for at
least 4 wk.

Figure 1 Closure of the mucosal penetration using fibrin sealant. A:
Spraying fibrin sealant in the submucosal tunnel; B: Fibrin sealant fully covers
the penetration (imaging from esophageal lumen); C: Fibrin sealant fully covers
the penetration (imaging from stomach lumen).

POEM. Patients underwent EGD prior to POEM to
ensure that there was no residual food in the esophageal lumen. During the procedure, patients were kept
in a supine position with the right shoulder elevated,
and general anesthesia was administered with
continuous monitoring of electrocardiography (ECG),
respirations, blood pressure, and oxygen saturation.
An additional cap attached at the top of the gastroscopy was required. With the outside cap diameter
(12.0 mm) as reference, the penetration size was estimated. Then, POEM was performed. First, a submucosal injection was performed with methylene blue saline
solution (1:10000), and a mucosal incision was made
at the right posterior esophageal wall approximately
6-10 cm from the gastroesophageal junction (GEJ).
Then, a submucosal tunnel was established, passing
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Follow-up

Patients were scheduled for a follow-up visit at 3 mo,
6 mo, 1 year, and 2 years after POEM. EGD, highresolution manometry, and 24-h esophageal pH
monitoring were required at the follow-up to assess
the healing of the mucosal penetration or the entry
incision, lower esophageal sphincter pressures, and
postoperative esophagitis, respectively. For patients
who experienced mucosal penetration during POEM,
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A

Table 1 Clinical characteristics and procedure-related
parameters for 21 consecutive patients who experienced
mucosal penetration during peroral endoscopic myotomy
procedure
Patient characteristics
Sex, female/male (n)
Age (yr), mean (range)
Symptom duration (mo), median (range)
Previous treatment (n)
Botox injection
Bouginage
Chicago classification (n)
Type Ⅰ
Type Ⅱ
Type Ⅲ
Procedure-related parameters
Procedure time (min.), median (range)
Tunnel length (cm), mean (range)
Myotomy length (cm), mean (range)
Myotomy type (n)
Inner circular muscle myotomy
Full-thickness myotomy
Glasses-style anti-reflux myotomy
Progressive full-thickness myotomy

B

12/9
38.0 (15-64)
26.0 (10-360)
3
1
2
18
1
58.9 (20.0-141.0)
11.7 (7-18)
5.6 (3-10)
10
1
1
9

Table 2 Characteristics of the 21 mucosal penetrations and
the treatment outcomes using fibrin sealant

C

Penetration shape, n (%)
Hole-like penetration
Linear penetration
Penetration location
Esophageal part of cardia
Stomach part of cardia
Both esophageal and stomach parts of cardia
Penetration size
Hole like penetration (cm2), mean (range)
Linear penetration (cm), median (range)
Consumed fibrin sealant amount (n)
5.0 mL
2.5 mL
Postoperative treatment
Placement of nasogastric tube (n)
Postoperative stay (d), median (range)

Figure 2 Closure of a 0.8 cm × 0.4 cm mucosal penetration using a
hemostatic clip and fibrin sealant. A: The appearance of the 0.8 cm × 0.4
cm mucosal penetration (imaging from the submucosal tunnel); B: A hemostatic
clip was used to make a preliminary clipping (imaging from esophageal lumen);
C: Fibrin sealant fully covers the preliminary clipped penetration (imaging from
stomach lumen).

12 (61.9)
8 (38.1)
1 (4.8)
0.14 (0.02-0.32)
0.37 (0.10-1.00)
3
18
2
5 (5-7)

RESULTS
Patient characteristics and procedure-related
parameters

two additional follow-ups at one week and six weeks
postoperatively were added. Postoperative complications and Eckardt scores for each patient were
recorded via the telephone. Treatment success was
defined as Eckardt scores no greater than 3.

As shown in Table 1, the study cohort consisted of 9
men and 12 women, aged 15 to 64 years (mean, 38.0
years). Among the 21 patients with mucosal penetration, the median duration of symptoms was 26.0 mo
(range, 10-360 mo). Three patients had a previous
Botox injection, and one had a previous bouginage.
According to the Chicago classification, 2 patients were
classified as type Ⅰ , 18 as type Ⅱ, and 1 as type Ⅲ.
All 21 patients successfully underwent POEM with a
median operative time of 58.9 min (range, 20.0-141.0
min). The mean length of the submucosal tunnel and
myotomy was 11.7 cm (range, 7-18 cm) and 5.6 cm

Statistical analysis

All statistical analyses were performed using SPSS
software version 17.0. Variables are expressed as
mean or median. Paired-samples Student’s t-test or
Wilcoxon matched-pairs signed-ranks test was used
to estimate the treatment outcomes of POEM. All
reported P-values are two-tailed; P-values of < 0.05
were considered statistically significant.
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12 (57.1)
9 (42.9)
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A

A

B

B

C

Figure 4 Healing process of the mucosal penetration after being closed
using fibrin sealant. A: The appearance of penetration at one week after
peroral endoscopic myotomy (POEM) (imaging from esophageal lumen); B: The
appearance of penetration at six weeks after POEM (imaging from esophageal
lumen).

the median size was 0.37 cm (range, 0.10-1.00 cm).
Closure of mucosal penetration using fibrin sealant
was performed successfully in all 21 patients. Two
cases, one of which was a relatively longer linear
penetration (1.0 cm), consumed 5 mL of fibrin sealant.
Only 2.5 mL of sealant was required for the remaining
19 cases. One case had a 0.8 cm × 0.4 cm hole-like
penetration that was difficult to close using only fibrin
sealant; thus, one hemostatic clip was used to make
a preliminary closure of the penetration, and fibrin
sealant was then sprayed to fully cover the mucosal
defect. The first two patients to experience mucosal
penetration had a nasogastric tube placed for 5 d after
POEM; the remaining 19 patients were kept fasting for
3 d. The mucosal penetrations had an appearance on
EGD at one week postoperatively as shown in Figure
4A and an appearance at 6 wk as shown in Figure 4B.
All 21 patients were discharged after a median of 5 d
(range, 5-7 d) postoperatively. During a median 42 mo
(range, 9-62 mo) follow-up, all 21 mucosal penetrations successfully healed without the occurrence of
penetration-raised tunnel-infection, ulcer, esophagitis,
mediastinal leak, or peritoneal leak. Detailed data of
the 21 patients with mucosal penetrations are shown
in Table 3.

Figure 3 Two kinds of mucosal penetration under esophagogastroduod
enoscopy. A: Hole-like penetration (imaging from submucosal tunnel); B:
Hole-like penetration (imaging from esophageal lumen); C: Linear penetration
(imaging from esophageal lumen).

(range, 3-10 cm), respectively.
With regards to myotomy type, 10 patients
received an inner circular muscle myotomy, 9 had
a progressive full-thickness myotomy, 1 had a fullthickness myotomy, and 1 had a glasses-style antireflux myotomy.

Mucosal penetration characteristics and treatment
outcomes after fibrin sealant

As shown in Table 2, all 21 patients had a solitary
mucosal penetration in the cardia (12 in the esophageal region of cardia, 9 in the stomach region of cardia,
and 1 in both the esophageal and stomach regions).
Twelve patients had a hole-like penetration, while 9
had a linear penetration (Figure 3). Among those with
2
a hole-like penetration, the mean size was 0.14 cm
2
(range, 0.02-0.32 cm ). For the linear penetrations,
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Treatment outcomes of POEM and complications

Symptom remission, which was defined as postopera-
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Table 3 Detailed data of the mucosal penetrations from all 21 patients
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Shape

Location

Estimated size
2
(cm/cm )

Postoperative
treatment

Postoperative stay (d)

Amount of consumed
fibrin sealant (mL)

Postoperative complaint

Hole like
Hole like
Hole like
Linear
Hole like
Linear
Linear
Linear
Linear
Hole like
Linear
Hole like
Linear
Hole like
Linear
Hole like
Hole like
Hole like
Hole like
Linear
Hole like

GOC
GOC
GOC
EOC
EOC
EOC
EOC
GOC
GOC
EOC
EOC
EOC
BOC
EOC
EOC
GOC
EOC
GOC
EOC
GOC
EOC

0.4 × 0.4
0.4 × 0.5
0.3 × 0.2
0.3
0.4 × 0.3
0.3
0.1
0.4
0.4
0.3 × 0.2
0.2
0.2 × 0.2
1.0
0.8 × 0.4
0.3
0.5 × 0.5
0.4 × 0.4
0.3 × 0.3
0.4 × 0.4
0.3
0.1 × 0.2

NG tube
NG tube
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting
Fasting

7
7
7
7
7
6
6
6
6
5
5
5
5
5
5
5
5
5
5
5
5

5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
5
2.5 (one hemostatic clip)
2.5
2.5
2.5
2.5
2.5
2.5
2.5

Slight abdominal pain
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

NG tube: Nasogastric tube; GOC: Gastric part of the cardia; EOC: Esophageal part of the cardia; BOC: Both gastric and esophageal parts of the cardia.

treatment; 6 patients did not undergo post-operative
HRM due to procedure-related discomfort or for other
personal reasons. The median lower esophageal
sphincter (LES) pressure decreased from 31.9 mmHg
(range, 21.9-67.1 mmHg) preoperatively to 20.3
mmHg (range, 6.0-41.0 mmHg) postoperatively (P
< 0.05), indicating a statistically significant decrease
after POEM. All the treatment outcomes, mentioned
above, indicated that mucosal penetration did not
influence the treatment success of POEM if the defect
was closed successfully using fibrin sealant.
In terms of complications, 3 patients had postPOEM esophagitis on EGD; 2 were classified as Los
Angeles classification B and one as Los Angeles
classification A. Moreover, another 3 patients had gasrelated complications: 1 experienced pneumothorax,
1 experienced pneumoperitoneum, and 1 experienced
pneumomediastinum.

Table 4 Symptom relief, manometry outcomes, and reflux
complications of the 21 patients who experienced mucosal
penetration during peroral endoscopic myotomy
Follow-up period (mo), median (range)
Symptom relief
Eckardt score, median (range)
Pre-treatment
Post-treatment
Pre/post-treatment difference value
Treatment success (Eckardt score ≤ 3), n (%)
Manometry outcomes
Manometry follow-up rate, n (%)
LESP (mmHg), median (range)
Pre-treatment
Post-treatment
Pre/post-treatment difference value
Post-POEM esophagitis on EGD
LA-A
LA-B
Overall, n (%)
Gas-related complications, n
Pneumothorax
Pneumoperitoneum
Pneumomediastinum
Overall

42.0 (9-62)

5.0 (4-10)
1.0 (0-4)
4.8 (1-9)
20 (95.2)
15 (71.4)
31.9 (21.9-67.1)
20.3 (6.0-41.0)
14.1 (9.6-35.2)
1
2
3 (14.3)
1
1
1
3

DISCUSSION
Esophageal achalasia is an esophageal motility
disorder of unknown cause and is characterized by
failure of the LES to relax and impaired peristalsis of
[10]
the esophageal body . Conventional therapies for
achalasia include pharmacological therapy, endoscopic
balloon dilation, and Heller-Dor surgery. With recent
advances in endoscopic treatment techniques and
[9]
devices, Inoue et al have developed peroral endoscopic myotomy, in which the myotomy is performed
through a submucosal tunnel. Excellent long-term out[1,2]
comes after POEM have been reported , and POEM
is expected to become a first-line therapy for achalasia

POEM: Peroral endoscopic myotomy; EGD: Esophagogastroduod
enoscopy; LA-A: Los Angeles classification A; LA-B: Los Angeles
classification B; LESP: Lower esophageal sphincter pressure.

tive Eckardt score ≤ 3，was achieved in 20 patients
(95.2%) during a median of 42 mo (range, 9-62
mo) follow-up (Table 4). The median preoperative
and postoperative Eckardt score were 5.0 (range,
4-10) and 1.0 (range, 0-4), respectively (P < 0.05).
A total of 15 patients had HRM both before and after
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requiring surgical intervention. However, some major
perioperative adverse events from POEM have also
been reported, with mucosal penetration being one
[1,2,5,6]
of the most dangerous adverse events
. Mucosal
penetration during POEM occurs at a rate ranging from
[1,2,5,7]
4.2%-17.3% depending on the study
. Treatment
for this complication has varied, with some patients
undergoing observation without special treatment,
being sealed by multiple clips or an endoscopic suture
device (OverStitch™ Endoscopic Suturing System;
Apollo Endosurgery Austin, Texas), or being treated
[11-15]
with the defect being closed using fibrin sealant
.
Closure using hemostatic clips is not an ideal method.
Once target mucosa is clipped, adjacent mucosa has
the tendency to spontaneously split, making it hard
to completely seal the penetration. Using endoscopic
suture with the OverStitch system is usually considered
when the mucosal penetration is large and difficult to
close using conventional clips.
We first reported the usage of fibrin sealant for
closure of mucosal penetration at the cardia in two
[7]
cases in 2012 . The present study further supports
the efficacy and safety of fibrin sealant for closure of
mucosal penetration, including long-term follow-up in
a larger population (21 patients). The biggest risk of
mucosal penetration is that the fluids from the stomach or the esophagus could flow into the submucosal
tunnel or the mediastinum and cause tunnel-infection,
ulceration, esophagitis, mediastinal leak, or peritoneal
[15,16]
leak
. In our study, all 21 mucosal penetrations
healed successfully without tunnel-infection, ulceration, esophagitis, mediastinal leak, or peritoneal leak
occurring. Of note, all 21 mucosal penetrations in the
present study occurred at the cardia; one explanation
for this might be that the small operating space and
abundant submucosal vessels that demand repeated
electrocoagulation during the POEM procedure make
the mucosa in this area vulnerable. We presented
the healing process of the mucosa after being closed
using fibrin sealant (Figure 4). During a median 42 mo
(range, 9-62 mo) follow-up, all patients had completely
healed.
The required amount of fibrin sealant to adequately
cover the mucosal injury was based on the size of the
penetration; the endoscopist must ensure that the
penetration is fully covered. In this cohort, we utilized
5 mL of fibrin sealant in the first patient with penetration because of lack of experience using this technique.
Another patient who had a longer linear penetration
(1.0 cm) consumed 5 mL fibrin sealant. The remaining
19 cases only required 2.5 mL. Of note, for penetration
injuries that create larger defects, which are difficult to
close using only fibrin sealant, it is suggested that one
or two hemostatic clips be used to make a preliminary
clipping that approximates the edges of the mucosal
defect before then using fibrin sealant to fully cover the
hole. Nasogastric tubes were placed postoperatively
in the first two cases with penetration, again due to
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lack of experience with patient recovery from this
technique. However, the remaining 19 cases did not
require a nasogastric tube and had excellent healing
results, suggesting that the postoperative placement
of a nasogastric tube is not necessary in cases with a
relatively small penetration.
The treatment outcomes of POEM for the 21
patients with mucosal penetration were excellent, with
a 95.2% treatment success (Eckardt score ≤ 3), a
14.3% rate of gas-related complications, and a 14.3%
rate of post-POEM esophagitis, indicating that mucosal
penetration did not influence the treatment success of
POEM if closed successfully using fibrin sealant.
Given that the sizes of the mucosal penetrations
in this study were all relatively small, it is not clear
whether the defects could have been observed and
would have closed spontaneously. Therefore, a prospective randomized controlled trial comparing obser
vation without special treatment to treatment with
fibrin sealant is warranted. In previous studies evaluating intraoperative mucosal penetration during POEM,
the injured mucosa could be closed only by prolonged
fasting in those who received inner circular muscle
myotomy. In the present study, 10 patients had an
inner circular muscle myotomy, 1 had a full-thickness
myotomy, 1 had a glasses-style anti-reflux myotomy,
and 9 had a progressive full-thickness myotomy.
Further research is needed to determine if the injured
mucosa was more likely to close spontaneously in
those who received inner circular muscle myotomy
than in those who received a full-thickness myotomy.
Our study is not without limitations. One limitation was
that the submucosal defects in our study were all relatively small, so we cannot draw conclusions regarding
the feasibility, efficacy, and safety of fibrin sealant in
closing large mucosal penetrations. Additionally, with
a small sample size of only 21 patients, we were not
able to stratify our results to draw conclusions regarding the required amount of fibrin sealant based on the
penetration size. Another limitation is that this was a
single center study, suggesting that our results may
not be representative of findings in other hospitals.
However, to the best of our knowledge, this is the largest published study regarding the treatment response
to fibrin sealant for mucosal penetration during POEM,
incorporating data from 21 patients. The present study
also provides instruction regarding the usage of fibrin
sealant for penetration closure for endoscopists, which
may be especially helpful for those who are unfamiliar
with the technique or who might be worried about
mucosal penetrations during POEM.
In conclusion, the use of fibrin sealant to close
mucosal penetration during POEM is safe and effective.
Mucosal penetrations do not appear to influence the
treatment success of POEM if closed successfully using
fibrin sealant. However, further research regarding
the feasibility, efficacy, and safety of fibrin sealant for
closing larger mucosal penetrations is warranted.
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Abstract

situations according to the following characteristics:
defect size, duration since onset, and indication. The
individualized choice of the suction method is the most
important factor determining OTSC success.

AIM
To demonstrate the clinical outcomes of a multicenter
experience and to suggest guidelines for choosing a
suction method.

Kobara H, Mori H, Fujihara S, Nishiyama N, Chiyo T, Yamada
T, Fujiwara M, Okano K, Suzuki Y, Murota M, Ikeda Y, Oryu
M, AboEllail M, Masaki T. Outcomes of gastrointestinal defect
closure with an over-the-scope clip system in a multicenter
experience: An analysis of a successful suction method. World
J Gastroenterol 2017; 23(9): 1645-1656 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1645.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1645

METHODS
This retrospective study at 5 medical centers involved
58 consecutive patients undergoing over-the-scope
clips (OTSCs) placement. The overall rates of technical
success (TSR), clinical success (CSR), complications,
and procedure time were analyzed as major outcomes.
Subsequently, 56 patients, excluding two cases
that used the Anchor device, were divided into two
groups: 14 cases of simple suction (SS-group) and 42
cases using the Twin Grasper (TG-group). Secondary
evaluation was performed to clarify the predictors of
OTSC success.

INTRODUCTION
Conventional endoscopic therapy-resistant gastrointestina diseases have traditionally required invasive
surgery. These diseases mainly consist of GI refractory
bleeding and leaks, including perforations, anastomotic
leakage, and fistulae, which are encountered during
endoscopic evaluation and are related to significant
[1]
morbidity and mortality . Recently, with the develop[2]
ment of endoscopic submucosal dissection (ESD)
and natural orifice transluminal endoscopic surgery
[3]
(NOTES) , technological advances in endoscopic
devices have allowed for the endoscopic closure of
GI defects. Among several full-thickness suturing
[4,5]
devices , the over-the-scope clip (OTSC) (Ovesco
Endoscopy GmbH, Tübingen, Germany) has the advan
tage of rapid and convenient use in rescue therapy.
[6-10]
Currently, many case reports
and preliminary case
[11-14]
series
have reported on the efficacy of OTSCs
for the closure of GI defects, eliminating the need for
invasive surgery.
However, there are few studies that have used
[15]
large samples , and few randomized controlled tri[16,17]
als
have been performed with OTSCs. Specifically,
a strategy for choosing a suction method into the
application cap of the OTSC system has not been
clearly described. Successful OTSC closure depends
on the secure suction of the target lesion into the
application cap. The options available for OTSC closure
include three suction methods, including simple suction
(SS), which is similar to endoscopic variceal band ligation, and two accessory devices (Ovesco Endoscopy
GmbH), which are referred to as the Twin Grasper (TG)
and the tissue-anchoring device called the Anchor.
Functioning as grasping forceps, the TG is applied
to easily approximate the grasping edges of a large
lesion, whereas the Anchor can better approximate
indurated tissue. As both devices are expensive,
selection of the appropriate suction method needs to
be made according to the characteristics of the target
lesion, which include the size of the defect, indications, and the duration since onset. The primary goal

RESULTS
The TSR, CSR, complication rate, and median proce
dure time were 89.7%, 84.5%, 1.8%, and 8 (range
1-36) min, respectively, demonstrating good outcomes.
However, significant differences were observed
between the two groups in terms of the mean proce
dure time (5.9 min vs 14.1 min). The CSR of the SSand TG-groups among cases with a maximum defect
size ≤ 10 mm and immediate or acute refractory
bleeding was 100%, which suggests that SS is a better
method than TG in terms of time efficacy. The CSR in
the SS-group (78.6%), despite the technical success
of the SS method (TSR, 100%), tended to decrease
due to delayed leakage compared to that in the
TG-group (TSR, CSR; 88.1%), indicating that TG may
be desirable for leaks and fistulae with defects of the
entire layer.
CONCLUSION
OTSC system is a safe and effective therapeutic option
for gastrointestinal defects. Individualized selection
of the suction method based on particular clinical
conditions may contribute to the improvement of OTSC
success.
Key words: Over-the-scope clip; Leak; Gastrointestinal
refractory bleeding; Fistula; Endoscopic closure
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The efficacy of over-the-scope clips (OTSCs)
for gastrointestinal defects has been widely known.
However, few large studies with more than 50 cases
have been performed. Additionally, an optimal strategy
for selecting a suction method, which is a critical factor
of OTSC success, is needed. This study, with a large
number of cases and a multicenter design, demon
strated excellent outcomes of OTSC and revealed which
type of suction method was appropriate for particular
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MATERIALS AND METHODS

Table 1 Demographics and characteristics of patients,
defects, and over-the-scope clips
Characteristics

Details

Age, median (range), yr
Indications, n
Refractory bleeding

Study design

This retrospective study was conducted at 5 medical centers in the Shikoku area of Japan. Between
November 2011 and November 2015, fifty-eight
patients who underwent attempted OTSC placement
for GI refractory bleeding, leaks, or fistulae were
enrolled. The detailed clinical data are summarized in
Table 1. Patient characteristics, including age, indications with details, location of the defect, maximum
defect size (D, mm), duration from onset to OTSC
placement (immediate, ≤ 1 d, acute, 1-7 d, or chronic,
> 7 d), and the numbers of OTSC deployments, were
collected. The indication for OTSC application for
GI nonvariceal and refractory bleeding was defined
as cases in which 2 time trials by conventional
interventions failed to achieve complete hemostasis.
Perforations, deep defects of the gut with the risk of
delayed perforations, and anastomotic leakages were
included as leaks. Subsequently, 56 patients, excluding
two cases that used the Anchor, were divided into
two groups: 14 cases of simple suction (SS-group)
vs 42 cases using the Twin Grasper (TG-group). All of
the data were extracted and compiled into a central
database at Kagawa University. Written informed consents related to the use of OTSCs were obtained from
all patients. The Clinical Ethics Committee of Kagawa
University Hospital and each institution approved
this study. This study was registered under UMIN
000017767.

Total patients
(n = 58)
77 (37-98)

Ulcer (peptic, Behçet’s,
anastomosis)
Mallory-Weiss tear
Diverticula
Post-endoscopic resection
Leaks
Peptic ulcer
Boerhaave
Iatrogenic (ESD)
Iatrogenic (ERCP)
Iatrogenic (surgery)
Iatrogenic (other)
Fistula
PEG
Rectum-bladder
Rectum-pelvis
Gastric tube-trachea
Gastric-pseudopancreatic cyst
Colon-gallbladder
Location, n
Esophagus
Stomach
Duodenum
Small intestine
Colon
Maximum defect size (D)
mm, n

18
12
1
2
3
28
3
1
16
2
4
2
12
6
1
2
1
1
1
3
28
13
2
12

D ≤ 10
10 < D ≤ 20
20 < D
Median (range), mm
Duration since onset to
OTSC placement, n

25
9
24
15 （3-50）

Immediate ≤ 1 d
1 < Acute ≤ 7 d
Chronic > 7 d
Suction method into the
applicator cap

25
11
22

Simple suction
Twin Grasper (TG)
assist

14
42

Anchor assist
The number of OTSC
deployments, n

2

OTSC procedures

The OTSC system is primarily composed of an OTSC
mounted onto an application cap and a hand wheel.
Users can easily apply the simple mechanism. As
[18]
previously reported , the OTSC procedure involved
several steps. First, the endoscope on which the cap
with the loaded OTSC was mounted was inserted into
the GI tract either orally or anally. Either a gastroscope (GIF-Q260J, ø 9.9 mm or H260Z, ø 10.8 mm
Olympus, Tokyo, Japan) or a colonoscope (PCF-Q260AI,
ø 11.3 mm, Olympus) with a maximum diameter of
9.9 mm and a working channel with greater than a
2.8 mm diameter was applied. Second, the defect in
the GI tract was sucked to an application cap using
SS or application aids such as the TG or the Anchor.
The choice of the suction method ultimately depended
on the discretion of the operator in this study. Finally,
the clip was fired by stretching the wire with the hand
wheel, and the entire defect of the lesion was completely closed. The OTSC procedures for the SS and TG
methods and the Anchor assist are shown as schemas
in Figure 1. Additional OTSCs were deployed until the
defect was entirely closed. Regarding the types of
OTSCs that were used, the gastrostomy closure type
for gastric walls and the traumatic (t) type for other
organs with thin walls were introduced, depending

21
39
12
5

0
1
2
3

1
Procedural inability. OTSC: Over-the-scope clip; PEG: Percutaneous
endoscopic gastrostomy; ERCP: Endoscopic retrograde cholangiopancrea
tography; SS: Simple suction; TG: Twin Grasper.

of this study was to demonstrate clinical outcomes of
a multicenter experience with OTSCs for the management of GI refractory bleeding, leaks, and fistulae.
The secondary goals were to propose a directional
strategy for choosing a suction method into the
application cap of the OTSC system by comparing the
clinical data of SS to that of TG.
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B
B

A

Table 2 Results of major outcomes
Total patients (n = 58)

Outcomes
Technical success rate, % (95%CI)
Clinical success rate, % (95%CI)
Complications, n (%)
The procedure time, median (range), min

89.7 (81.0-98.4)
84.5 (74.3-94.7)
1 (1.8)
in 56 cases used
8 (1-36)
in 52 successful cases

C
since onset (immediate, acute, or chronic) were compared between the SS- and TG-groups. We supposed
that a maximum defect size of 10 mm might be suitable for complete closure in the SS-group, considering
the caliber of the application cap (11 or 12 mm in
diameter). Previous studies have shown that factors
that promote OTSC failure include a large defect size
[14]
(greater than 20 mm) , fibrosis of the target tissue,
such as a fistula, and the duration from onset to OTSC
[15]
placement . Thus, the maximum defect size was
defined using the cut-off values of 10 and 20 mm, and
the duration from onset was evaluated as one parameter. Simultaneously, the CSRs in both groups in terms
of the combined parameters, the defect size, and
the duration since the onset of each indication were
estimated to better clarify the quality of each method.

Figure 1 Key factor for the success of over-the-scope clips: schema of
three suction methods into the application cap of the target lesion. A:
Simple suction, similar to endoscopic variceal band ligation (simple suction
method); B: Assist of grasping forceps: Twin Grasper device (Twin Grasper
method); C: Assist of tissue anchoring device (Anchor assist).

on the lesion and the assessment of the operator;
the atraumatic (a) type was not used in this study.
Six expert endoscopists (H.K., H.M., T.Y., N.N., M.M.,
and M.O.) who had gained experience with the OTSC
system procedure in a porcine model during a handson seminar session performed the OTSC deployments.

Statistical analysis

Normally distributed data are presented as medians
and ranges. The TSRs, CSRs and complication rates
in the SS- and TG-groups were compared using twosided Fisher’s exact tests. The mean procedure times
of both methods were compared using two-sided
Wilcoxon/Kruskal-Wallis tests. The TSRs and CSRs of
2
each parameter were compared using a χ test. P <
0.05 was considered statistically significant. All stati
stical analyses were conducted using JMP version 9.0
(SAS Institute Inc., Cary, NC, United States).

Outcome measures

Major outcomes: The overall rates of technical
success (TSR), clinical success (CSR), complications,
and procedure time of the 58 patients were examined.
Technical success was defined as the complete closure
of the entire defect by the successful deployment of
OTSCs. Clinical success was defined as the resolution
of the troubled situation by the assessment of blood
analysis, endoscopic, and/or radiographic imaging
(surgery or further endoscopic intervention was not
required during at least 1 mo of follow-up after OTSC
placement). The procedure time of the suction method
was defined as the duration between the attempts at
aspiration or the application of the TG or Anchor on the
target lesion and complete closure of the defect with
OTSC placement, as reviewed by endoscopic images
and/or movies. The number of OTSC placements per
single defect was calculated when the entire defect of
the lesion was completely closed.

RESULTS
The results for the major outcomes are summarized
in Table 2. The TSR and CSR were 89.7% and 84.5%,
respectively. The complication rate was 1.8% in the 56
cases analyzed. The median procedure time (range)
was 8 (1-36) min in 52 successful cases. Additionally,
the TSR and CSR of each parameter are shown in
Table 3. While the TSR decreased as defect size and
duration since onset increased, the CSR decreased as
duration since onset increased.
The results of the comparison between the SSand TG-groups with respect to the major outcomes
are summarized in Table 4. No significant differences
were identified between the SS- and TG-groups in
terms of TSR [100% (14/14) vs 88.1% (37/42),
respectively] and CSR [78.6% (11/14) vs 88.1%
(37/42), respectively], P > 0.05). However, the CSR in
the SS-group [78.6% (11/14)], despite the technical

Secondary outcomes: A secondary evaluation was
performed to clarify the predictors of OTSC success
in the SS- and TG-groups. The TSR, CSR, procedure
time, and complication rates of both groups were
compared.
Subsequently, the TSR and CSR of each parameter
and the indications, location of the defect, maximum
defect size (≤ 10, 10-20, or > 20 mm), and duration
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Table 3 Results of the technical and clinical success rates for
each parameter

Table 4 Outcomes of the simple suction and Twin Grasper
methods

Total patients (n = 58)

Parameters

Indications
Refractory bleeding
Leak
Fistula
Location
Upper GI tract
Lower GI tract
Maximum defect size (D), mm
D ≤ 10
10 < D ≤ 20
20 < D
Duration since onset, % (n)
Immediate ≤ 1 d
1 < Acute ≤ 7 d
Chronic > 7 d
Suction method into the
applicator cap
Simple suction (SS)
Twin Grasper (TG)
Anchor assist
The number of OTSC
deployments, n
1
2
3

Technical success
rate

Clinical success
rate

88.9 (16/18)
89.3 (25/28)
91.7 (11/12)

83.3 (15/18)
85.7 (24/28)
83.3 (10/12)

86.4(38/44)
100 (14/14)

81.8 (36/44)
92.9 (13/14)

96 (24/25)
88.9 (8/9)
83.3 (20/24)

84 (21/25)
88.9 (8/9)
83.3 (20/24)

96 (24/25)
90.9 (10/11)
81.8 (18/22)

96 (24/25)
81.8 (9/11)
72.7 (16/22)

100 (14/14)
88.1 (37/42)
50 (1/2)

78.6 (11/14)
88.1 (37/42)
50 (1/2)

92.3 (36/39)
100 (12/12)
80 (4/5)

84.6 (33/39)
100 (12/12)
80 (4/5)

Parameters
Technical success rate, n
(%)
Clinical success rate, n (%)
Procedure time, median
(range), min
Complications, n (%)

TG-method
(n = 42)

P value

14 (100)

37 (88.1)

0.1761

11 (78.6)
5 (1-16)
0 (0)

0.3781
37 (88.1)
12 (3-36)
0.00042
in 37 successful cases
0.5871
1 (2.4)

1

Fisher’s exact test (2-sided), 2Wilcoxon/Kruskal-Wallis test. SS: Simple
suction; TG: Twin Grasper.

≤ 10). These aspects of the SS method suggest that

the TG is desirable for leaks and fistulae with defects of
the entire layer.

Case presentation

A representative success of SS in refractory bleeding
is shown in Figure 3. In a failure case in the SS-group
with D ≤ 10 and a chronic duration, conventional
therapy-resistant ulcer bleeding that in the terminal
ileum occurred during steroid treatment for myelodysplastic syndrome. Despite the successful closure of
the defect with the SS method, additional surgery was
needed because of re-bleeding that might have been
caused by angiogenesis from the steroid treatment in
specific circumstances (Table 7, case No. 1). The CSR
of the TG-group among cases with D > 20 showed the
lowest success rate, 33.3% (1/3). In these 2 failure
cases of chronic, fibrotic ulcers with D > 20, technical
success could not be achieved due to an inability to
suck rigid tissues into the cap, even when using the
TG (Table 7, case No. 2 and No. 3). Although the use
[18]
of the Anchor might have been helpful , we did not
introduce the device because of the risk of perforation by the bear claw of the device. Finally, these
bleeds were managed with conventional therapies
using hemostatic forceps. At the indication of a leak,
the TG method provided good clinical outcomes for
defects with D ≤ 10 and immediate duration during
endoscopic retrograde cholangiopancreatography
(ERCP); an image of a representative case is shown in
Figure 4. On the other hand, there were three clinical
failure cases with leaks: one with SS with D ≤ 10 and
an acute duration, one with the TG with 10 < D ≤ 20
and an immediate duration, and one with the TG with
D > 20 and an acute duration. In the first case, an
acute anastomotic leakage with D ≤ 10 after surgery
for gastric cancer that was located in the esophagealgastric junction was successfully closed using SS, but
additional surgery was needed because of a delayed
leakage (Table 7, case No. 4). In the second case, a
large perforation of approximately 20 mm occurred
during ERCP, and the TG was used to approximate
the defect. The collapse of the intestine because of air
leakage made technical success impossible, and this

success of the procedure (TSR, 100%), tended to
decrease compared to that in the TG-group (TSR,
CSR; 88.1%). Additionally, no significant differences
were identified between the two groups in terms of
the rate of complications [0% (0/14) vs 2.4% (1/42),
P > 0.05]. However, significant differences were
observed between the two groups regarding the mean
procedure time (SS, 5.9 vs TG, 14.1 min, P < 0.05).
A flow diagram of patient enrollment and outcomes is
illustrated in Figure 2.
There were no significant differences in the TSRs
and CSRs between the two groups for any parameter (P
> 0.05) (Table 5). The CSR in the TG-group decreased
as defect size and duration since onset increased. The
CSRs of the combined parameters, defect sizes and
duration since onset in each indication are summarized
in Table 6. For refractory bleeding, the CSRs for cases
of D ≤ 10 were 85.7% (6/7) in the SS-group and
100% (2/2) in the TG-group. The CSR of the SS- and
TG-groups among cases with D ≤ 10 and immediate
or acute refractory bleeding was 100%, which suggested that SS is a better method than TG in terms of
time efficacy. However, the CSRs of cases with leaks
and fistulae and D ≤ 10 were 71.4% (5/7) in the
SS-group and 100% (7/7) in the TG-group. Delayed
leakages occurred in two cases in the SS-group (D ≤
10 and acute leakage and D ≤ 10 and chronic fistula).
These data suggest that the SS method sometimes
fails to provide an acceptable clinical outcome despite
the technical success, even if the defect size is small (D
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OTSC
(n = 58)

Excluded:
Anchor assist
1
(n = 2)

OTSC
(n = 56)

SS group
(n = 14)

TG group
(n = 42)

Technical success
(n = 14)

Clinical success
(n = 11)

Technical success
(n = 37)

Clinical failure
(n = 3)

Technical failure
(n = 5)

Clinical success
(n = 37)

Endoscopic
intervention

Surgery
(n = 3)

Surgery
(n = 3)

(n = 2)

Figure 2 Flow diagram of patient enrollment and outcomes. 1Clinical outcomes of two cases that used the Anchor: one case with an incomplete closure of an
esophageal-gastric anastomotic leakage, and another case with clinical success of gastric fistula after percutaneous endoscopic gastrostomy. SS: Simple suction; TG:
Twin Grasper.

Table 5 Results of the technical and clinical success rates of the simple suction- and Twin Grasper-groups for each parameter
Parameters

Technical success rate

Indication
Refractory bleeding
Leak
Fistula
Location
Upper GI tract
Lower GI tract
Maximum defect size (D), mm
D ≤ 10
10 < D ≤ 20
20 < D
Duration since onset, % (n)
Immediate ≤ 1 d
1 < Acute ≤ 7 d
Chronic > 7 d

Clinical success rate

SS (n = 14)

TG (n = 42)

P value1

SS (n = 14)

TG (n = 42)

P value1

100 (7/7)
100 (2/2)
100 (5/5)

81.8 (9/11)
92 (23/25)
83.3 (5/6)

0.2315
0.6776
0.3384

85.7 (6/7)
50 (1/2)
80 (4/5)

81.8 (9/11)
92 (23/25)
83.3 (5/6)

0.8288
0.0690
0.8865

100 (8/8)
100 (6/6)

85.3 (29/34)
100 (8/8)

0.8725

75 (6/8)
83.3 (5/6)

85.3 (29/34)
100 (8/8)

0.8725
0.2308

100 (14/14)
-

100 (9/9)
88.9 (8/9)
83.3 (20/24)

-

78.6 (11/14)
-

100 (9/9)
88.9 (8/9)
83.3 (20/24)

0.1364
-

100 (3/3)
100 (3/3)
100 (8/8)

95.5 (21/22)
87.5 (7/8)
75 (9/12)

0.6994
0.1247
0.1250

100 (3/3)
66.7 (2/3)
75 (6/8)

95.5 (21/22)
87.5 (7/8)
75 (9/12)

0.6994
0.1247
1.0000

1 2

χ test (2-sided). SS: Simple suction; TG: Twin Grasper.

case required surgical repair (Table 7, case No. 5). In
the third case, a delayed perforation with a 50-mm
defect size occurred after gastric endoscopic submucosal dissection. The defect could not be closed with the
TG because of a narrow lumen in the prepylorus and
the large defect size. The misplacement of the OTSC
on the exposed muscularis propria induced additional
tears, which represents the only case of an OTSC
complication in this study. Although the use of several
hemoclips at the perforation site seemed to be effective, surgery was performed due to the re-appearance
of free air in computed tomography (CT) images 3 d
after endoscopic therapy (Table 7, case No. 6, shown
as the only complication in Figure 5). Among the

WJG|www.wjgnet.com

fistula cases, there were two clinical failures: one with
SS with D ≤ 10 and a chronic duration and one with
TG with 10 < D ≤ 20 and a chronic duration. The first
case was an 8-mm gastric fistula that occurred after
an interventional endoscopic ultrasound for a pseudopancreatic cyst (Table 7, case No. 7), which is shown
in Figure 6. Although the fistula was successfully
closed using SS, leakage occurred 2 wk after OTSC
placement, which necessitated additional surgery. The
other case was a large (22 mm in diameter) gastric
tube-tracheal fistula that occurred after radiation for
esophageal carcinoma. The fistula could not be treated
with the TG and required surgery (Table 7, case No. 8).
Details of these 8 clinical failure cases are summarized

1650

March 7, 2017|Volume 23|Issue 9|

Kobara H et al. Over-the-scope clip involving a suction method
Table 6 Comparison of the clinical success rates for the combined parameters in each indication
Clinical success rate
Refractory bleeding (n = 18)

Indications
Combined parameters
D ≤ 10, Immediate
D ≤ 10, Acute
D ≤ 10, Chronic
10 < D ≤ 20, Immediate
10 < D ≤ 20, Acute
10 < D ≤ 20, Chronic
D > 20, Immediate
D > 20, Acute
D > 20, Chronic

Leak (n = 27)

Fistula (n = 11)

SS (n = 7)

TG (n = 11)

SS (n = 2)

TG (n = 25)

SS (n = 5)

TG (n = 6)

100%
100%
66.7%
-

100%
100%
100%
100%
100%
100%
33.3%

50%
-

100%
100%
66.7%
100%
100%
75%
-

80%
-

100%
100%
50%

SS: Simple suction; TG: Twin Grasper.

Table 7 Details of over-the-scope clips clinical failure cases (n = 8)
Indication

Max. defect
size, mm

Cause, comorbidity

Location

Refractory
bleeding

8

Ileal ulcer bleeding due
to steroid treatment
for myelodysplastic
syndrome

Terminal ileum

Refractory
bleeding
Refractory
bleeding
Leak

20

Leak

21

Leak

50

50
7

Fistula

8

Fistula

22

Prior therapy

Duration Technical Technical or clinical Additional
since onset success
failure factor
therapy

EI
Chronic
(hemoclips and
coagulation)

Peptic ulcer, Refractory
Stomach (body)
EI
Chronic
neurogenic disease
(coagulation)
Peptic ulcer, Advanced
Stomach (body)
EI
Chronic
gallbladder carcinoma
(coagulation)
Anastomotic leakage Esophageal gastric
None
Acute
after surgery for
junction
gastric cancer
Perforation during Duodenal 2nd portion
None
Immediate
ERCP
Delayed perforation Stomach (prepyrolus)
None
Acute
after ESD
Interventional EUS Gastric (prepyrolus)None
Chronic
pseudopancreatic cyst
Radiation for
Gastric tube-trachea
Bronchial
Chronic
esophageal carcinoma
embolization

Clinical
outcome

Yes

Suspicion of
angiogenesis due to
steroid in particular
circumstances

Elective
surgery

Survival

No

Fibrotic tissue

Retry of EI

Survival

No

Fibrotic tissue

Retry of EI

Survival

Yes

Leakage by mucosal
suture (suspected)

Elective
surgery

Survival

No

Inability of
Emergency
platform
surgery
Location with
Elective
narrow lumen
surgery
Leakage by mucosal Elective
suture (suspected)
surgery
Fibrotic tissue
Elective
surgery

No
Yes
No

Survival
Survival
Survival
Survival

SS: Simple suction; TG: Twin Grasper; EI: Endoscopic intervention; ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic ultrasound.

[14,15]

in Table 7.

ously described
. Therefore, an optimal strategy
for choosing a suction method for the OTSC system is
needed. This study is the first to clarify these issues by
comparing the clinical data of SS to TG.

DISCUSSION
A newly developed endoscopic full-thickness suturing
device, the OTSC system, has allowed for the endoscopic closure of conventional therapy-resistant GI
defects. The efficacy of OTSC has been widely known
since its introduction in 2009 in Western countries.
However, there have been few studies that used large
samples of more than fifty cases and a multicenter
design.
Additionally, the type of suction method that should
be applied to each target lesion based on the particular
lesion characteristics remains unclear. Successful OTSC
closure depends on the secure suction of the target
lesion into the application cap. This success is closely
related to the extent of tissue fibrosis in proportion to
the duration from onset to OTSC placement, as previ-
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SS vs TG

Compared to TG, SS has the advantage of rapid and
convenient use with a system that is similar to endoscopic variceal band ligation (mean procedure time; SS
5.9 min vs TG 14.1 min, P < 0.05). Moreover, another
merit of SS is its lower cost if accessory devices are
not applied. A maximum defect size of 10 mm per clip
can be completely closed with the SS method, considering the caliber of the application cap. If OTSC is
not fired due to insufficient suction into the cap during
SS method, TG assist can be an alternative choice to
close the defect. Although no significant differences in
TSR or CSR were observed between the two groups in
this study, the CSR of the SS-group (78.6%, 11/14),
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A

B

Figure 3 Representative clinical success case in the simple suction-group that exhibited refractory bleeding with a defect size of ≤ 10 mm and an
immediate duration since onset. A: A spurting, bleeding ulcer that was located in a rectal anastomotic site; B: Complete hemostasis via over-the-scope clip closure
using the simple suction method after the failure of conventional endoscopic intervention.

A

B

C

Figure 4 Representative clinical success case in the Twin Grasper-group of a leak with a defect size of ≤ 10 mm and an immediate duration since onset.
A: An iatrogenic perforation site approximately 10 mm in size, located in the 2nd portion of the duodenum during endoscopic retrograde cholangiopancreatography; B:
Application of the Twin Grasper device; C: Complete defect closure three months after over-the-scope clip deployment.

A

B

C

Tear

Figure 5 Representative case with an over-the-scope clips complication. A: A delayed perforation with a 50-mm defect size after gastric endoscopic submucosal
dissection; B: The misplacement of the over-the-scope clips to the exposed muscularis propria induced additional tears (black arrows); C: The defect could not be
closed by the Twin Grasper due to a narrow lumen located in the prepylorus.

despite its technical success (TSR, 100%, 14/14),
tended to decrease compared to the TG-group (TSR,
CSR; 88.1%, 37/42) due to delayed leakage. This
finding indicates that the SS method might result in
some clinical failures despite its technical success.
Therefore, a secondary evaluation regarding each
parameter or combined parameters for each indication

WJG|www.wjgnet.com

was performed to better clarify the quality of each
method. The CSR of the SS-group with D ≤ 10 and
immediate or acute refractory bleeding was 100%,
which suggested that SS was a better method than TG
in terms of time efficacy. However, the CSRs of leaks
and fistulae with D ≤ 10 were 71.4% (5/7) in the
SS-group and 100% (7/7) in the TG-group. Delayed
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A

B

C

D

Figure 6 Clinically unsuccessful case in the simple suction-group of a fistula with a defect size of ≤ 10 mm and a chronic duration. A: An 8-mm gastric
fistula after interventional endoscopic ultrasound for a pseudo-pancreatic cyst; B: Complete closure with one over-the-scope clip (OTSC) using the simple suction
method; C: A delayed leakage (black arrows) that occurred 2 wk after OTSC placement; D: X-ray contrast photo via a percutaneous drainage tube that revealed the
delayed leakage.

leakages occurred in two cases in the SS-group (D ≤
10 and acute leakage and D ≤ 10 and chronic fistula).
These interesting data suggest that the SS method
might sometimes fail in full-thickness suturing and
could result in mucosal suturing for the target tissue,
even if the defect size is small. Moreover, OTSC system
using TG assist after clinical failure of SS method is not
applicable for the same defect, because it is difficult
to remove endoscopically the deployed OTSC on the
target lesion. In this situation, surgery will be the only
suitable therapy as shown in Figure 2. Thus, the use of
TG may be desirable for leaks and fistulae with defects
of the entire layer.
The TG is commonly used for large defects, but
details regarding defect sizes and indications are
unknown. The CSR in the TG-group decreased as
defect size and duration since onset increased (Table
5). In particular, the success rate in the TG-group was
the lowest for defects with D > 20 and those that were
chronic, which indicates the limitations of the TG for
large defects with fibrosis. If the TG method fails in this
condition, a retrial with the Anchor might be valuable.
Further comparative studies that include the Anchor
are needed to clarify its efficacy and limitations.

clinical studies including more than 50 cases, as in
the present study, are rare. Here, we summarized the
overall CSR in human studies between 2011 and 2015
that involved a minimum of 2 wk of follow-up, and we
included several important parameters (e.g., defect
[19-26]
size, use of accessory devices) (Table 8)
. The
mean rate of overall clinical success was 68.4% (range
53-90) (329/481 cases), which includes our results.
Our data revealed a high rate of overall clinical success (84.5%). This finding may be why no significant
differences in TSR or CSR were observed between the
two groups in this study. Additionally, the proportion
of fistulae and/or the defect size included in other
studies may be associated with the OTSC success rate.
According to a large sample of data, a defect type with
fibrotic tissue, such as a fistula, is the most important
[15]
predictor of OTSC failure . Therefore, we evaluated the success rates of three types of indications
separately (refractory bleeding, leaks, and fistulae).
The mean rates of overall clinical success in refractory
bleeding, leaks, and fistulae were 87.8%, (79/90
cases), 83.2% (109/131), and 53.0% (133/251),
respectively.
Similar to the overall mean rate of complications
(1.66%, 8/481), there was only one case in which
the misplacement of the OTSC to exposed muscularis
propria induced additional tears in this study (1.8%
complication rate). Although OTSCs have been dem-

Overall clinical success

Currently, there are limited data from large sample
[15]
[16,17]
sizes
and few comparative studies
. Specifically,
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Table 8 Current clinical outcomes of over-the-scope clips for each indication
Ref.

Year

Country

Patients
Overall clinical success rate, (success/ total)
(n )
Refractory
Leaks and/or
Fistula Others Total
bleeding
perforations

Albert et al[20]
Surace et al[21]

2011
2011

Kirschniak et al[22]

2011

Germany
France,
Monaco
Germany

Baron et al[19]

2012 United States

45

Manta et al[23]
2013
Italy
Haito-Chavez et al[15] 2014 International2

30
188

19
19
50

57.1 (4/7)
-

87.5 (7/8)
-

25 (1/4)
74
(14/19)
92.6 （25/27） 100 (11/11) 37.5 (3/8) 100
(4/4)
100 (7/7)
62.5 (5/8)
67.9
50
(19/28) (1/2)
90 (27/30)
Leaks 73.3
42.9
(22/30), 21
(39/91),
Perforations 90
171
(36/40), 81
53
(25/47)
100 (1/1)
66.7 (4/6)
63.6
100
(7/11) (3/3)

Law et al[24]

2014 United States

47

Sulz et al[25]

2014

Switzerland

21

Mercky et al[26]

2015

France,
Monaco

30

-

-

53
(16/30)

Our study

2016

Japan

58

83.3 (15/18)

85.7
(24/28)

83.3
(10/12)

507

87.8 (79/90)

83.2 (109/131)

Total

63.2
73.7

Mean defect Described data Complications,
size (mm)
of suction
n (%)
method
Unknown
Unknown

Unknown
Unknown

0
1 (5)

86

6

Unknown

0

71

Unknown

90
60.2

53

TG: 8 cases
AC: 17 cases
Unknown
Unknown
Leaks: 8
Use of TG
Perforations: 7 and/or AC,
Fistula: 5
50% (70/140
cases)3
Unknown
Unknown

71.4

8

-

53

7.2

-

84.5

19.6

53.0
88.9
68.4
(133/251) (8/9) (329/481)

SS:4 100%
(10/10)
TG:100% (1/1)
AC: 87.5%
(7/8) TG +
AC: 0% (0/1)
SS: 17
procedures
TG: 9
procedures
AC: 5
procedures
CSR
SS4: 78.6%
(11/14)
TG: 88.1%
(37/42)
AC: 50%
(1/2)

2 (4.4)
0
0

0
0

4 (13.3)

1 (1.8)

8/481 (1.66)

1

Excluded number of patients lost to follow-up; 2United States, Netherlands, Germany, Italy, and Chile; 3Use of accessory devices was not a predictor of
clinical success; 4Clinical success rate. SS: Simple suction; TG: Twin Grasper; AC: Anchor.

onstrated to be safe, a careful approach is needed to
avoid OTSC placement on exposed muscularis propria,
which can occur in a defect after endoscopic resection.

success and our CSR were 83.2% (range 62.5-100)
(109/131) and 85.7% (24/28), respectively, the OTSC
is valuable in avoiding emergency surgery for leaks.

GI refractory bleeding

Fistulae

The OTSC system offers the strongest impact in
regards to GI bleeding compared to other indications,
as evidenced by the mean rate of overall clinical
success of 87.8%, (79/90 cases), which is similar to
the findings in our study (83.3%, 15/18). Therefore,
an OTSC is a good device with which to achieve
hemostasis in conventional therapy-resistant GI bleeding. However, as our 2 failure cases with D > 20 and
chronic fibrotic ulcers revealed, OTSC usage may be
limited in particular situations.

Among all of the indications, the mean rate of overall
clinical success for fistula was the lowest (53.0%,
range 25-81.8, 133/251 cases). Similarly, recent
studies have demonstrated a limited success rate
of approximately 50%. Despite the introduction of
the OTSC system, fistula closure appears to be a
challenge. However, compared to other studies, our
study delivered good outcomes with both technical
(91.7%, 11/12 cases) and clinical success (83.3%,
[24]
10/12 cases). Law et al
reported that nearly 50%
of patients with endoscopic and radiologic evidence of
fistula closure at completion of the index procedure
went on to require additional interventions in the
subsequent days and months due to fistula recurrence.
Accordingly, we recommend the use of sufficient suc-

Leaks

Perforations, deep defects with the risk of delayed perforations, and anastomotic leakages were included as
leaks in this study. As the mean rate of overall clinical
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option for GI defects. Moreover, individualized selection of the suction method
based on particular clinical conditions may contribute to the improvement of
OTSC success.

tion into the cap with the aggressive use of accessory
devices for the successful long-term closure of fistulae.
In the future, the issue of managing refractory fistulae
may be overcome by utilizing one or more of the
[27]
following modalities: the injection of tissue sealants ,
[28,29]
stent placement
, and newly developed endoscopic
[4,5,30]
suturing devices
.

Terminology

OTSC: A newly developed endoscopic full-thickness suturing device applicable
for refractory bleeding, perforations, anastomotic leakage, and fistulae. Suction
method: a method to suck the target lesion into the application cap, which is a
critical factor of OTSC success among OTSC procedures.

Limitations

Peer-review

The main limitation of this study is its retrospective
design. Additionally, the selection of the suction
method depended on the operator’s discretion, so
patient inclusion criteria were subjective. Therefore,
the Anchor device was applicable only for a small
number of cases in our experience.

The authors reported a multicenter retrospective study analyzing the role of the
OTSCs for GI defects based on the suction method. The authors suggested that
TG is desirable for leaks and fistulae with defects of the entire layer. However,
further prospective studies by comparing suction methods are needed to clarify
the type of suction method that should be applied to each target lesion based
on the particular lesion characteristics.

Strengths of this study
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Abstract
AIM
To investigated the usefulness of a novel slim type balltipped FlushKnife (FlushKnife-BTS) over ball-tipped
FlushKnife (FlushKnife-BT) in functional experiments
and clinical practice.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: Dr. Toyonaga invented
FlushKnife-BT and FlushKnife-BTS in conjunction with Fujifilm
and receives royalties from their sales.

METHODS
In order to evaluate the functionality of FlushKnifeBTS, water aspiration speed, resistance to knife inser
tion through the scope, and waterjet flushing speed
were compared between FlushKnife-BTS and BT. In
clinical practice, esophageal endoscopic submucosal
dissection (ESD) performed using FlushKnife-BTS or
BT by an experienced endoscopist between October
2015 and January 2016 were retrospectively reviewed.
The treatment speed and frequency of removing and
reinserting the knife to aspirate fluid and air during ESD
sessions were analyzed.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/
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RESULTS
Functional experiments revealed that water aspiration
speed by the endoscope equipped with a 2.8-mm
working channel with FlushKnife-BTS was 7.7-fold
faster than that with conventional FlushKnife-BT.
Resistance to knife insertion inside the scope with a
2.8-mm working channel was reduced by 40% with
FlushKnife-BTS. The waterjet flushing speed was faster
with the use of FlushKnife-BT. In clinical practice, a
comparison of 6 and 7 ESD using FlushKnife-BT and
BTS, respectively, revealed that the median treatment
2
speed was 25.5 mm /min (range 19.6-30.3) in the BT
2
group and 44.2 mm /min (range 15.5-55.4) in the BTS
group (P = 0.0633). However, the median treatment
speed was significantly faster with FlushKnife-BTS
2
when the resection size was larger than 1000 m (n =
2
4, median 24.2 mm /min, range 19.6-27.7 vs n = 4,
2
median 47.4 mm /min, range 44.2-55.4, P = 0.0209).
The frequency of knife replacement was less in the BTS
group (median 1.76 times in one hour, range 0-5.45)
than in the BT group (7.02 times in one hour, range
4.23-15) (P = 0.0065).

INTRODUCTION
Endoscopic submucosal dissection (ESD) is a standard
treatment for early-stage tumors in the digestive
[1-6]
tract . Many devices have been developed to safely
[7-14]
and efficiently facilitate this procedure
. One of
these devices is FlushKnife and the subsequently
developed ball-tipped FlushKnife (FlushKnife-BT)
(DK2618JN, DK2618JB; Fujifilm Medical Co., Ltd.,
[13,14]
Tokyo, Japan)
. Some of the features and functions
of these knives are advantageous such as injection,
irrigation by waterjets, dissection, hemostasis, and
[15]
vessel sealing . However, when they are used with
endoscopes equipped with a working channel of 2.8
mm, difficulties are associated with aspirating fluid and
air in the working space and finely controlling the knife
length due to limited space with friction resistance in
the channel with a knife with a diameter of 2.7 mm.
Therefore, a novel slim type FlushKnife BT
(FlushKnife-BTS, DK2620JBS; Fujifilm) was developed
to provide more space in the working channel (Figure
1). FlushKnife-BTS is characterized by its slim sheath
(2.2 mm), but same sized sheath tip (2.7 mm,
approximately 30 mm long) as the conventional knife,
which maintains stable maneuverability.
In an attempt to clarify whether the performance
of ESD is better with FlushKnife-BTS than with
FlushKnife-BT, we retrospectively investigated the
usefulness of FlushKnife-BTS over FlushKnife-BT in
functional experiments and clinical practice. In the
clinical practice, we included esophageal ESD because
esophagus is a narrow tract compared to stomach and
colorectum, which procedure is affected easily by air
inflation, and was thought to be a good candidate for
first investigation into the efficiency of FlushKnife-BTS.

CONCLUSION
Our results indicate that FlushKnife-BTS enhances the
performance of ESD, particularly for large lesions, by
improving air and fluid aspiration and knife insertion
during ESD and reducing the frequency of knife removal
and reinsertion.
Key words: Endoscopic submucosal dissection; Novel
slim type ball-tipped FlushKnife; ball-tipped FlushKnife;
Resistance to knife insertion; Water aspiration speed
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Devices utilized in endoscopic submucosal
dissection (ESD) play an important role in facilitating
the safe and effective procedure. A novel slim type balltipped FlushKnife (FlushKnife-BTS) has been developed
to enhance the performance of aspiration and insertion
of the knife through the scope. We herein investigated
the usefulness of FlushKnife-BTS over FlushKnife-BT in
functional experiments and clinical practice. FlushKnifeBTS showed a faster water aspiration speed, reduced
resistance to knife insertion, a faster treatment speed
when the resection size was large, and low frequency of
knife replacement. Our results indicate that FlushKnifeBTS supports the efficient performance of ESD, parti
cularly for large lesions.

MATERIALS AND METHODS
Functional experiment

Water aspiration speed with the knife inserted in the
scope, resistance to knife insertion inside the scope,
and waterjet flushing speed were compared between
FlushKnife-BTS and FlushKnife-BT. Regarding the
speed of water absorption, a total of 200 mL water in
a graduated cylinder was aspirated using the 2.8-mm
scope and 3.2-mm channel with FlushKnife-BT or
FlushKnife-BTS inserted, and the amount of water
aspirated in 10 s was measured. The experiment
was repeated 9 times. Resistance to the insertion of
Flushknife-BT or Flushknife-BTS inside the scope was
measured with various endoscopic angles. A measu
ring instrument named force gage FGP-5 produced
by NIDEC-SHIMPO CORPORATION was equipped with
the FlushKnife-BTS and FlushKnife-BT, inserted into
the endoscope equipped with a working channel of 2.8
mm and the resistance during the insertion was determined. The experiment was repeated 3 times. The
waterjet flushing speeds of the knives were measured

Ohara Y, Toyonaga T, Hoshi N, Tanaka S, Baba S, Takihara H,
Kawara F, Ishida T, Morita Y, Umegaki E, Azuma T. Usefulness
of a novel slim type FlushKnife-BT over conventional
FlushKnife-BT in esophageal endoscopic submucosal dissection.
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fluid and air when required, to clean the endoscope
lens for better visualization, and/or when the thread[17]
traction method was needed .

2.6 mm
FlushKnife-BT

2.2 mm

Evaluated points

2.7 mm

The patient and lesion characteristics including sex,
age, lesion site, circumference of the resected area,
major axis diameter of the resected specimen, size
of resected area, major axis diameter of the tumor,
histology of the tumor and depth of the tumor were
investigated.
Furthermore, the procedure time, treatment speed,
frequency of knife removal and reinsertion for aspiration, en bloc resection rate, and adverse events were
assessed and compared between the FlushKnife-BTS
(BTS) group and FlushKnife-BT (BT) group.
The procedure time was defined as the time
between the first submucosal injection and completion
of dissection. The treatment speed was calculated
by dividing the area of the resected specimen by the
2
procedure time (cm /min). The approximate oval area
2
(cm ) of the resected specimen was calculated as
follows; 3.14 × 0.25 × long axis diameter × short axis
diameter.

FlushKnife-BTS

Figure 1 Ball-tipped FlushKnife and a novel slim type ball-tipped
FlushKnife. FlushKnife-BT: Ball-tipped FlushKnife; FlushKnife-BTS: A novel
slim type FlushKnife-BT.

at three different water pressure settings 9 times using
waterjet equipment (JW-2; Fujifilm, waterjet volume;
min/mid/max 80/135/190 mL/min).

Patients

All cases that underwent esophageal ESD performed
using FlushKnife-BTS or FlushKnife-BT at Kobe
University Hospital and Kishiwada Tokushukai Hospital
between October 2015 and January 2016 were retrospectively reviewed. Of these, cases that underwent
ESD performed by an experienced endoscopist (T.T.)
were analyzed in the study.
Indications for esophageal ESD were defined
according to the esophageal ESD guidelines issued by
[16]
the Japan Esophageal Society : (1) absolute criteria;
lesions that do not exceed the mucosal layer (T1a),
those remaining within the mucosal epithelium (EP)
or the lamina propria mucosae (LPM), and (2) relative
criteria; lesions reaching the muscularis mucosae (MM)
or slightly infiltrating the submucosa (up to 200 μm,
T1b-SM1). ESD was not recommended for a 10%-15%
risk of lymph node metastasis with lesions filling the
relative criteria; however, it was performed on patients
who were too frail to tolerate more invasive surgical
approaches due to comorbidities, those who requested
a diagnostic endoscopic treatment before surgery, or
those who requested ESD with chemoradiation.
All patients underwent an initial screening examination including esophagogastroduodenoscopy with magnified narrow band imaging and computed tomography
in order to evaluate submucosal invasion and lymph
node metastasis. When submucosal invasion was suspected, endoscopic ultrasonography was performed.

Adverse events

Perforation and postoperative bleeding were counted
as adverse events related to the procedure.
Postoperative bleeding was recorded if one of the
following conditions was identified: (1) bleeding that
required endoscopic hemostatic treatment; and (2)
bleeding with a reduction in total hemoglobin of more
than 2 g/dL from the preoperative level. Perforation
was diagnosed by endoscopic findings during ESD or
by the presence of free air on computed tomography.

Ethics

All patients were informed of the risks and benefits
of ESD, and provided written informed consent to
undergo the procedure. This study was approved by
the Ethics Committees of Kobe University Hospital
(No. 160051) and Kishiwada Tokushukai Hospital (No.
28-10).

Statistical analysis

The Mann-Whitney U test was used to compare
2
continuous variables, and the χ test or Fisher’s exact
probability test was used to compare categorical
variables. P < 0.05 was considered significant. All
statistical analyses were performed using JMP version
10 (SAS Institute Inc., Cary, NC, United States).

ESD procedure

Patients were mainly sedated using dexmedetomidine
hydrochloride, flunitrazepam, and pentazocine. ESD
was performed with a single-channel endoscope
equipped with a working channel of 2.8 mm (GIF-Q240,
H290Z; Olympus Corporation, Tokyo, Japan). ERBE VIO
300 D high performance cautery (Erbe Elektromedizin
GmbH, Tubingen, Germany) was utilized in all cases.
Carbon dioxide insufflation was routinely used.
The knife was removed and reinserted to aspirate
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RESULTS
Results of functional experiments

The results of the functional experiments revealed that
water aspiration speed by the endoscope equipped
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Figure 2 Water aspiration speed. A total of 200 mL water in a graduated cylinder was aspirated by scopes with 2.8-mm and 3.2-mm channels with FlushKnife-BT
or FlushKnife-BTS inserted, and the amount of aspirated water in 10 s was measured. The column denotes mean data and the bar shows the range of experiments
performed 9 times. Water aspiration speed was markedly faster with FlushKnife-BTS than with FlushKnife-BT. aP < 0.05, BT vs BTS. FlushKnife-BT: Ball-tipped
FlushKnife; FlushKnife-BTS: A novel slim type FlushKnife-BT.
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Figure 3 Resistance to knife insertion inside the scope. Resistance to the insertion of Flushknife-BT or Flushknife-BTS inside the scope at various endoscopic
angles was measured using a measuring instrument by NIDEC-SHIMPO CORPORATION. The column denotes mean data and the bar shows the range of
experiments performed in triplicate. Resistance was lower at all endoscopic angles with Flushknife-BTS than with Flushknife-BT. aP < 0.05, BT vs BTS. FlushKnife-BT:
Ball-tipped FlushKnife; FlushKnife-BTS: A novel slim type FlushKnife-BT.

was 2.7-fold faster with FlushKnife-BTS than with
FlushKnife-BT. Resistance to knife insertion through
the 2.8-mm working channel in a straight endoscopic
position was 40% less using the new slim knife than

with a 2.8-mm working channel with FlushKnife-BTS
inserted was 7.7-fold faster than that with FlushKnifeBT (Figure 2). Even when using an endoscope with
a 3.2-mm working channel, water aspiration speed
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Figure 4 Waterjet flushing speed. Waterjet flushing speed was faster with FlushKnife-BT than with FlushKnife-BTS at all pump settings tested. aP < 0.05, BT vs
BTS. FlushKnife-BT: Ball-tipped FlushKnife; FlushKnife-BTS: A novel slim type FlushKnife-BT.

61 esophageal lesions in 49 patients were treated with 56 ESD procedures
between October 2015 and January 2016
Excluded; ESD performed by endoscopist other than an experienced
endoscopist
13 ESD procedures performed in 9 patients by an experienced endoscopist consisting of 6
and 7 ESD using Flush knife-BT or Flush knife-BTS, respectively, were included in the study  

Figure 5 Flow diagram of cases that underwent endoscopic submucosal dissection included in the analysis. FlushKnife-BT: Ball-tipped FlushKnife;
FlushKnife-BTS: A novel slim type FlushKnife-BT; ESD: Endoscopic submucosal dissection.

Table 1 Patient and lesion characteristics
FlushKnife-BT (n = 6)
Male/Female
Age, median (range), years
Lesion site Ut/Mt/Lt
Circumference of the resected area, median (range)
Major axis diameter of the resected specimen, median (range), mm
Resected area, median (range), mm²
Major axis diameter of the tumor3, median (range), mm
Histology of the tumor HGIN/SCC
Depth of the tumor EP/LPM/MM

2

2

3 /1
73.5 (68-78)
0/4/2
68% (25-100)
39.5 (30-55)
1117 (636-2547)
33 (19-42)
0/6
0/5/1

FlushKnife-BTS (n = 7)
2

4 /1
57 (57-74)
0/6/1
75% (50-92)
40 (31-60)
1193 (511-2418)
32 (25-50)
0/7
1/5/1

P vaule1
0.559
0.0235
0.559
0.599
0.277
0.943
0.616
0.000
0.629

1

The Mann-Whitney U test was used to compare continuous variables, and the chi-squared test or Fisher’s exact probability test was used to compare
categorical variables; 2One patient had multiple esophageal lesions treated by endoscopic submucosal dissection; 3In the case of multiple lesions resected
simultaneously, the maximum distance between the edges of each tumor was defined as the major axis diameter of the tumor. FlushKnife-BT: Ball-tipped
FlushKnife; FlushKnife-BTS: A novel slim type FlushKnife-BT.

Clinical results

the conventional knife (Figure 3). Reductions in resis
tance were detected using both scopes with 2.8-mm
and 3.2-mm working channels and at any endoscopic angle. Waterjet flushing speed was lower with
FlushKnife-BTS than with FlushKnife-BT at all water
pressure settings tested (Figure 4). This difference
became larger with increases in water pressure.

WJG|www.wjgnet.com

During the study period, 61 esophageal lesions in 49
patients were treated with 56 ESD procedures. Of
these, 13 ESD procedures performed in 9 patients,
consisting of 6 and 7 ESD using FlushKnife-BT and
FlushKnife-BTS, respectively, were completed by
an experienced endoscopist and these cases were
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The circumference of the resected area ranged
between 25% and 100% with a median of 68% in the
BT group, and between 50% and 92% with a median
of 75% in the BTS group (P = 0.599).
The median major axis diameters of resected
specimens were 39.5 mm (range 30-55) and 40 mm
(range 31-60) respectively (P = 0.277) in BT and BTS
groups, respectively.
2
The median resected area was 1117 mm (range
2
636-2547) in the BT group and 1193 mm (range
511-2418) in the BTS group (P = 0.943).
The median major axis diameter of tumors was 33
mm (range 19-42) in the BT group and 32 mm (range
25-50) in the BTS group (P = 0.616). In the case of
multiple lesions resected together, the maximum distance between the edges of each tumor was defined
as the tumor size.
The histology of tumors revealed SCC in all cases.
The depths of tumors (EP/LPM/MM) were 0/5/1 in the
BT group and 1/5/1 in the BTS group (P = 0.629). The
outcomes of ESD are shown in Table 2. The threadtraction method was performed on 3 out of 6 cases in
the BT group and 2 out of 7 cases in the BTS group (P
= 0.592). Median procedure times were 48 min (range
24-106) and 33 (range 27-51) min in the BT and BTS
groups, respectively (P = 0.389).
2
The median treatment speed was 25.5 mm /min
2
(range 19.6-30.3) in the BT group and 44.2 mm /min
(range 15.5-55.4) in the BTS group (P = 0.0633).
However, it was significantly faster with FlushKnife-BTS
when the resection size of ESD was larger than 1000
2
m (n = 4, median 24.2, range 19.6-27.7 vs n = 4,
2
median 47.4 mm /min, range 44.2-55.4, P = 0.0209)
(Table 3). The relationship between the resected area
and treatment speed is shown in Figure 6; the treatment speed was faster with FlushKnife-BTS when the
resected size was large, but was similar to that with
FlushKnife-BT when it was small.
The number of times the knife was replaced was
5.5 (range 4-10) and 1 (range 0-3) in the BT and BTS
groups, respectively (P = 0.0025).
The frequency of knife replacement was lower
(median 1.76, range 0-5.45 vs median 7.02,
range 4.23-15 times in one hour, P = 0.0065) with
FlushKnife-BTS than with FlushKnife-BT. Figure 7
shows the relationship between the resected area and
frequency of knife replacement, and demonstrates
a reduced frequency of knife replacement with
FlushKnife-BTS regardless of the resected size and
slightly reduced frequency as the resected size became
larger. En bloc resection rates were 100% and muscle
injury was detected in one case in the BT group.

Resected area and treatment speed
BT or BTS
BT
BTS

50

2

  Treatment speed (mm /min)

60

40

30

20

10

500            1000           1500            2000            2500
2

Resected area (mm )

Figure 6 Treatment speed was faster with a novel slim type ball-tipped
FlushKnife when the resected size was large, but was similar to that with
the conventional knife when the resected size was small. FlushKnife-BT:
Ball-tipped FlushKnife; FlushKnife-BTS: A novel slim type FlushKnife-BT.

  Frequency of knife replacement (t/h)

Resected area and frequency of knife replacement
BT or BTS
BT
BTS

15

10

5

0
500            1000           1500            2000            2500
2

Resected area (mm )

Figure 7 Frequency of knife replacement was reduced with a novel
slim type ball-tipped FlushKnife regardless of the resected size, while a
slightly reduced frequency was observed as the resected size became
larger. FlushKnife-BT: Ball-tipped FlushKnife; FlushKnife-BTS: A novel slim
type FlushKnife-BT.

included in the study (Figure 5).
The characteristics of the patients and lesions are
shown in Table 1. There were 3 males and 1 female
in the BT group, and 4 males and 1 female in the BTS
group. Two patients in the BT group and one patient in
the BTS group had multiple lesions that were treated
separately. Ages ranged between 68 and 78 years
with a median age of 73.5 years in the BT group,
and between 57 and 74 years with a median age of
57 years in the BTS group (P = 0.0235). Lesion sites
(Ut/Mt/Lt) were 0/4/2 and 0/6/1, respectively (P =
0.559).

WJG|www.wjgnet.com

DISCUSSION
ESD is the first-line therapeutic option for superficial
[1,6,18-20]
gastrointestinal tract tumors
. The devices used
in ESD are important for performing the procedure
safely. A large number of devices have been developed
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Table 2 Outcomes of endoscopic submucosal dissection by novel slim type ball-tipped FlushKnife and ball-tipped FlushKnife

Use of the thread-traction method, yes/no
Procedure time, median (range), min
Treatment speed, median (range), mm2/min
Number of times the knife was replaced, median (range), times
Frequency of knife replacement, median (range), times/hour
En bloc resection rate
Adverse events, Perforation/muscle injury/postoperative
bleeding

FlushKnife-BT (n = 6)

FlushKnife-BTS (n = 7)

3/3
48 (24-106)
25.5 (19.6-30.3)
5.5 (4-10)
7.02 (4.23-15)
6/6 (100%)
0/1/0

2/5
33 (27-51)
44.2 (15.5-55.4)
1 (0-3)
1.76 (0-5.45)
7/7 (100%)
0/0/0

P vaule1
0.592
0.389
0.0633
0.0025
0.0065
0.000
0.462

1

The Mann-Whitney U test was used to compare continuous variables, and the χ 2 test or Fisher’s exact probability test was used to compare categorical
variables. FlushKnife-BT: Ball-tipped FlushKnife; FlushKnife-BTS: A novel slim type FlushKnife-BT.

the resected size.
The faster aspiration of bubbles, air, mucus, and
fluid by FlushKnife-BTS contributed to a clear field of
view, which may have, in turn, reduced the frequency
of knife removal from the working channel.
The reason why treatment speed only improved
with FlushKnife-BTS when the resection size was large
may be that, in ESD of a small resection size, the
effects by a reduced frequency of knife replacement,
smooth knife insertion, and fine knife control with
FlushKnife-BTS were not clearly reflected due to the
short procedure time and fewer knife replacements,
but became more evident as the resection size became
larger and the procedure time increased. Therefore,
FlushKnife-BTS is considered to exhibit its effectiveness
when large resection is needed.
Waterjet flushing speed was slower with FlushKnifeBTS in functional experiments. This result was expected
due to the difference in the diameters of the two
knives. However, this did not markedly affect the clinical practice of ESD in our analysis. Since FlushKnife-BT
offers a high-flow flushing function, the speed reductions observed with FlushKnife-BTS do not appear to
be of clinical importance. Moreover, the mid pump
setting is typically used in clinical practice and may
be resolved by turning up the setting to its maximum
where necessary.
Although the safety and efficacy of ESD in the
[2,6,22]
esophagus have already been reported
, intraoperative perforation, muscle layer damage, and bleeding may occur because of the anatomically thin wall
and narrow working space. Moreover, postoperative
esophageal stricture is one of the main complications
[23,24]
associated with large esophageal ESD
. Muscle
layer damage with entire circumferential esophageal
ESD has been linked to refractory post-ESD steno[25]
sis . Hence, ESD in the esophagus requires a highly
skilled endoscopic technique and careful operation,
and the provision of a more comfortable environment
for ESD will contribute to reductions in complications.
Based on the results presented above, FlushKnife-BTS
is considered to contribute to safer esophageal ESD.
Though the present clinical study focused on only
esophageal ESD because esophagus is the narrow

Table 3 Treatment speed of endoscopic submucosal
2
dissection for a resected size more than 1000 mm
FlushKnife-BT
(n = 4)

FlushKnife-BTS
(n = 4)

P vaule

Treatment speed, median 24.4 (19.6-27.7)
(range), mm2/min

47.4 (44.2-55.4)

0.0209

FlushKnife-BT: Ball-tipped FlushKnife; FlushKnife-BTS: A novel slim type
FlushKnife-BT.
[8-10,12,13]

to date
. FlushKnife-BT is one of the most frequently used knives and has advantageous functions
including injection, irrigation by waterjets, dissection,
[14]
and vessel sealing . However, when this knife is used
with endoscopes equipped with a 2.8-mm channel,
difficulties are associated with the aspiration of fluid
and mucus in the working space during the procedure
and finely controlling the knife length because of its
diameter of 2.7 mm. Uncontrolled fluid and mucus
pooling and air inflation/deflation may complicate
ESD. In order to precisely dissect the appropriate
plane between the vessel network in the submucosa
[21]
and muscle layer , subtle endoscope movements in
addition to adjustments in knife length are needed.
Therefore, smooth aspiration and delicate knife control
are essential for performing this procedure safely and
efficiently.
In an attempt to overcome these limitations, we
developed a novel slim type FlushKnife-BT.
Functional experiments revealed that fluid aspiration speed by the endoscope with a 2.8-mm working
channel with FlushKnife-BTS inserted was 7.7-fold
faster than that with the conventional knife. Resistance
to the insertion of the knife inside the scope with a
2.8-mm working channel was 40% less with the new
knife than with the conventional knife.
In clinical practice, though the number of the
patients was small, increase was achieved in the treatment speed with FlushKnife-BTS when large resection
was required, but remained the same as that with the
conventional knife when the resected size was small.
The frequency of knife replacement was less with
FlushKnife-BTS than with FlushKnife-BT regardless of
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tract in which inflated air inside affects the procedure
easily, further investigation including ESD in other
organs such as stomach and colorectum would be
desired in the near future.
The limitations of this study include its retrospective design and small patient population. Furthermore,
the procedure was only performed by one endoscopist. Therefore, the generalizability of the results
obtained remains unclear and, thus, further studies
with more cases undergoing ESD performed by other
endoscopists including less experienced operators
are warranted. However, our results still support
FlushKnife-BTS creating better conditions for and
contributing to the efficient performance of ESD.
In conclusion, our results demonstrate that
FlushKnife-BTS supports the efficient performance
of ESD, particularly for large lesions, by improving
air and fluid aspiration and allowing for smooth knife
insertion without frequent knife removal and reinsertion during ESD.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the institutional review boards of the First
Affiliated Hospital of Zhengzhou University.

AIM
To investigate the correlation of iodine concentration
(IC) generated by spectral computed tomography
(CT) with micro-vessel density (MVD) and vascular
endothelial growth factor (VEGF) expression in patients
with advanced gastric carcinoma (GC).

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: The authors declare no conflicts
of interest.

METHODS
Thirty-four advanced GC patients underwent abdominal
enhanced CT in the gemstone spectral imaging mode.
The IC of the primary lesion in the arterial phase (AP)
and venous phase (VP) were measured, and were then
normalized against that in the aorta to provide the
normalized IC (nIC). MVD and VEGF were detected by
immunohistochemical assays, using CD34 and VEGF-A
antibodies, respectively. Correlations of nIC with MVD,
VEGF, and clinical-pathological features were analyzed.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
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RESULTS
Both nICs correlated linearly with MVD and were higher
in the primary lesion site than in the normal control
site, but were not correlated with VEGF expression.
After stratification by clinical-pathological subtypes,
nIC-AP showed a statistically significant correlation with
MVD, particularly in the group with tumors at stage T4,
without nodular involvement, of a mixed Lauren type,
where the tumor was located at the antrum site, and
occurred in female individuals. nIC-VP showed a positive correlation with MVD in the group with the tumor
at stage T4 and above, had nodular involvement, was
poorly differentiated, was located at the pylorus site, of
a mixed and diffused Lauren subtype, and occurred in
male individuals. nIC-AP and nIC-VP showed significant
differences in terms of histological differentiation and
Lauren subtype.

which requires more attention.
Angiogenesis is fundamental to the growth, invasion, and metastasis of GC, and greatly influences the
[3]
response to anti-tumor therapies . To date, the standard method for studying angiogenesis has been histopathological counting of micro-vessel density (MVD),
which is specimen- and immunostaining-dependent.
This is impractical in advanced patients undergoing
anti-angiogenesis or chemotherapy. Compared with
MVD counting, using preoperative imaging modalities
for the noninvasive assessment of tumor angiogenesis
is more acceptable and feasible. A previous study
has revealed that MVD, vascular endothelial growth
factor (VEGF), and the absolute enhanced value show
some positive correlations with conventional contrast[4]
enhanced computed tomography (CT) . Additionally,
CT perfusion has shown the potential for evaluating
[5,6]
tumor angiogenesis , but the complicated measurement and high radiation dosage have limited the
extensive application of CT in this regard.
The recently developed spectral CT yields materialdecomposition (MD) images that can quantitatively
map the iodine concentration (IC) of the tissue in
enhanced images. This IC value has been proven
to show a strong correlation with the actual iodine
[7]
concentration in the phantom . Recently, preliminary studies have reported the use of the IC value
to differentiate benign and malignant lesions, to find
embolisms, and to evaluate the efficacy of anticancer
[8-11]
therapy
. Particularly in the evaluation of neoadjuvant chemotherapy of GC, the IC value was proven to
be a more robust imaging biomarker than the mor[11]
phology index . However, it was not clear how this
correlated with radiological-pathological features. On
the other hand, the IC value has shown a correlation
with vascularization in solid tumors, such as pancreatic carcinoma, hepatocarcinoma, and non-small-cell
[12-14]
lung cancer
, while there has been no such report
for GC, to provide a basis for using image indicators,
other than morphology, for assessing chemo-efficacy.
Therefore, our purpose was to investigate the correlation between IC value and angiogenesis in GC cases
with clinical-pathological data.

CONCLUSION
The IC detected by spectral CT correlated with the
MVD. nIC-AP and nIC-VP can reflect angiogenesis in
different pathological subgroups of advanced GC.
Key words: Micro-vessel density; Iodine concentration;
Spectral computed tomography; Vascular endothelial
growth factor; Gastric cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the correlation between iodine
concentration (IC) value generated from spectral computed tomography (CT) and angiogenesis in gastric
cancer (GC) with clinical-pathological data. Our results
showed that normalized IC (nIC) in both the arterial
(AP) and venous phases (VP) had a positive linear correlation with micro-vessel density. nIC-AP reflected the
angiogenesis in relatively earlier and well-differentiated
GC, while nIC-VP reflected this in further advanced and
poorly differentiated GC. Spectral CT with quantitative
IC value offers a new choice for evaluating the angiogenesis of gastric cancer noninvasively.
Chen XH, Ren K, Liang P, Chai Y, Chen KS, Gao JB. Spectral
computed tomography in advanced gastric cancer: Can iodine
concentration non-invasively assess angiogenesis? World J
Gastroenterol 2017; 23(9): 1666-1675 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1666.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1666

MATERIALS AND METHODS
Study population

Adult patients with advanced GC confirmed by endos
copic biopsy, who were scheduled for surgery, were
enrolled. This study was approved by the institutional
review board, and informed consent was obtained from
each participant. All procedures were performed in
accordance with the ethical standards of the institution.
Exclusion criteria were: (1) allergies to intravenous
contrast media; (2) cardiac or renal insufficiency; (3)
history of chemotherapy or radiotherapy; (4) inability
to visualize the tumor on CT; (5) early tumor staging
(T1) or presence of distant metastasis (M1); and (6)

INTRODUCTION
Despite a recent decrease, gastric cancer (GC) remains
the most common cancer and is the third leading
[1]
cause of cancer-related death globally . In China, the
incidence and mortality rates of GC remain high, and
[2]
the vast majority of cases are in the advanced stage ,
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specimen with poor fixation for immunostaining.
From June 2014 to May 2015, a total of 41 patients
prospectively underwent spectral CT examination. Of
these, two patients with serious interface artifacts on
CT images, one patient with tumor tissue necrosis that
influenced MVD counting, one patient with no tumor
cells on hematoxylin and eosin (HE) slices, and three
patients with failed immunostaining were excluded.
Ultimately, the data of 34 patients were collected
and statistically analyzed. Patient records and pathological data, including gender, age, tumor size, tumor location, invasion depth, lymph nodes involvement, Lauren
subtypes, and differentiation, were documented.

necrosis, and vessels were carefully avoided (mean
2
2
square: 871 mm ; range: 122-1308 mm ). For the
normal site, we chose a distance longer than 5 cm
from the lesion edge that was thick enough to place
the ROI. Three small circular ROIs with a diameter
exceeding 2 mm were measured as ROI-normal.
Images were compared to ensure the measurements
were as consistent as possible in both phases. The ICs
in the AP (IC-AP) and in the VP (IC-VP) were generated simultaneously (unit: 100 µg/mL). At the same
time, a round ROI was placed on the abdominal aorta
in the same layer as the target, to calculate the nor[15]
malized IC (nIC = ICtarget/ICaorta) , aiming to reduce
the individual circulatory variability. All the ICs and
nICs obtained from the same patient were averaged
and disagreement on measurement was resolved by
consensus.

CT scan methods

After fasting overnight, all patients were administered
10 mg anisodamine (Minsheng Pharmaceutical
Group Co., Ltd., Hangzhou, China) intramuscularly
to reduce gastrointestinal motility 20 min prior to CT
examination, and ingested 800-1000 mL of water to
distend the stomach. During scanning, patients were
instructed to suspend respiration.
All examinations were performed on a Discovery
CT750 HD system (GE Healthcare, Milwaukee, WI,
United States), and included bi-phasic enhanced
spectral scanning in the arterial and venous phases
(AP and VP, respectively). Spectral CT imaging was
performed with a 0.5 ms switch of tube voltage
between 140 kVp and 80 kVp; a rotation speed of 0.6
s, and a helical pitch of 1.375:1. The scan range was
from the diaphragmatic dome to the symphysis pubis.
Non-ionic contrast material, iohexol (350 mg I/mL,
GE Pharmaceutical, Shanghai of China), at 1.3 mL
per kilogram of body weight was used (total volume:
60-110 mL) at a flow rate of 2.5-4.5 mL/s was injected
via a peripheral vein, using a dual high-pressure
syringe. The AP acquisition time was triggered at 9
s after the attenuation of diaphragmatic abdominal
aorta reached 100 HU (SmartPrep; GE Healthcare).
The VP followed with a 30 s interval. Raw data were
reconstructed to 1.25-mm slice images, using decompose projection-based software. An additional 40%
adaptive statistical iterative reconstruction algorithm
was applied to suppress image noise and decrease the
radiation dose required for spectral CT.

Histopathologic evaluation

A surgeon (K.R) and a radiologist (X.C) performed
sampling together to guarantee that the specimen
and the ROI were from virtually the same level, by
re-examining the axial and multi-planar reconstruction
images. The distance to the cardia or pylorus of the
sample site and the thickness were compared on both
CT images and surgical specimens. Then, the selected
samples (tumor and normal wall) were fixed overnight
in 10% formalin, and subsequently dehydrated in
alcohol and paraffin-embedded. Wax blocks comprising
the central part of the adenocarcinoma were sectioned
into 4-µm-thick slices. A ready-to-use two-step streptavidin-peroxidase method was applied. The mouse
anti-CD34 monoclonal antibody (diluted 1:150) and
rabbit anti-VEGF-A polyclonal antibody (diluted 1:200)
(Beijing Zhongshan Goldenbridge Company, Beijing,
China) were used to stain all pathological tissues.
Positive and negative immunohistochemistry controls
were prepared as routine. A pathologist (K.C, with 25
years’ experience in MVD and VEGF immunostaining),
who was blinded to the spectral CT imaging results,
performed the counting and evaluation of all slides.
MVD counting was performed using the Weidner
[16]
method . The area where vascular endothelial cells
stained most intensively was first identified at low (×
100) magnification. Then, five fields were randomly
selected at × 400 magnification to count the CD34positive cell clusters and the mean was recorded as the
final value (Figures 1 and 2). VEGF (stained brown),
located in the cytoplasm, was scored using an estab[17]
lished method : scores of the percentage of positive
tumor cells and signal intensity were summed. If the
score was less than 4, the section was considered
negative, whereas a score of 4 or more was considered
positive (Figures 1 and 2).

Image analysis

All CT images were transferred to a commercially
available workstation (Advantage Windows 4.6; GE
Medical Systems, Chicago, IL, United States) to generate iodine-based MD images (Figures 1 and 2). Two
experienced radiologists (J.G. and P.L., with 25 and 5
years of experience with abdominal CT, respectively),
who were blinded to the pathological results, analyzed
the images. Three manually drawn regions of interests
(ROIs) that encompassed the maximum lesion in the
consecutive 1.25-mm layers of bi-phasic axial images
were measured. Areas containing prominent artifacts,

WJG|www.wjgnet.com

Statistical analysis

All statistical procedures were performed with a software package (SPSS 21.0, Chicago, IL, United States).
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Figure 1 Detection of the iodine concentration value in a 51-year-old man with poorly differentiated adenocarcinoma, with staging Ⅲc (T4aN3M0). A:
The monochromatic image shows focal wall thickening in the gastric antrum; B: The iodine-water image with iodine concentration (IC) value 12.83 (100 µg/cm3),
normalized IC (nIC) value 0.11 in the arterial phase. Monochromatic image (C) and iodine-water image (D) with IC value 23.91 (100 µg/cm3), nIC value 0.53 in the
venous phase; E: Hematoxylin and eosin staining of a pathological section obtained from radical surgery shows poorly differentiated, diffused subtype in the Lauren
classification (× 400); F: CD34-staining shows endothelial cells stained brown; micro-vessels form clusters or have tiny hollow lumens (micro-vessel density 45/
magnification × 400). G: Weak vascular endothelial growth factor staining in the cytoplasm (× 400) with score 2.

A P-value of less than 0.05 was considered to indicate
a statistically significant difference. Nodal status was
classified as positive and negative for lymph node

WJG|www.wjgnet.com

metastasis, and the depth of invasion was classified
as positive and negative serosal involvement. A single
highly differentiated patient was grouped together
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Figure 2 Detection of iodine concentration value in a 50-year-old man with moderate differentiated adenocarcinoma, of staging Ⅲa (T4aN1M0). A:
Monochromatic image shows focal wall thickening in the gastric cardia and lesser curvature; B: The iodine-water image with iodine concentration (IC) value 11.78 (100
µg/cm3), normalized IC (nIC) value 0.09 in the arterial phase; Monochromatic image (C) and (D) iodine-water image with IC value 18.63 (100 µg/cm3), nIC value 0.34
in the venous phase; E: Hematoxylin and eosin staining shows a moderately differentiated, intestinal Lauren subtype (× 400); F: Immunohistochemical staining shows
CD34 positive micro-vessel (micro-vessel density count: 27/magnification × 400); G: Strongly positive vascular endothelial growth factor staining (× 400) with score 5.

with the moderately differentiated patients. Data were
subjected to a Kolmogorov-Smirnov normality test and
continuous variables were presented as means and
standard errors of the mean. When analyzing the cor-

WJG|www.wjgnet.com

relation of nIC and MVD and VEGF, scatter plots were
made first between continuous variables, followed by
the Pearson or the Spearman rank-correlation test
(Figure 3). Student’s t-test, correct t test, and one-way
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0.6

nlCAP
nlCVP

Table 1 Clinical characteristics of the patients (n = 34)
Sex

0.4

Male
Female
30 -73 yr (56 ± 3.7 yr)
1.5 -13.0 cm (median 4.0 cm)
Cardia/Fundus
Gastricum
Antrum
N0
N1
N2
N3
pT2
pT3
pT4a
pT4b
Intestinal type
Mixed type
Diffuse type
Highly differentiated
Moderately differentiated
Poorly differentiated

nlC value

Age
Size
Tumor location

0.2
Nodal status
0.0

0              10             20            30             40            50
Depth of invasion

MVD (no/× 400)

Figure 3 Scatter plots of normalized iodine concentration in arterial
phase, normalized iodine concentration in venous phase, and
microvessel density counts in tumor lesions (r = 0.423 for normalized
iodine concentration in arterial phase, r = 0.606 for normalized iodine
concentration in venous phase). VEGF: Vascular endothelial growth factor;
nIC: Normalized iodine concentration; nIC-AP: nIC-arterial phase; nIC-VP: nICvenous phase; MVD: Microvessel density.

Lauren subtype

Histological grading

analysis of variance (ANOVA)-LSD test were performed
to analyze differences in categorical data between
groups (serosal involvement, lymph node metastasis,
histologic differentiation, Lauren subtype, tumor location, and gender).

67.65%
32.35%

14
9
11
11
8
7
8
5
2
22
5
15
7
12
1
16
17

41.18%
26.47%
32.35%
32.35%
23.53%
20.59%
23.53%
14.71%
5.89%
64.71%
14.71%
44.12%
20.59%
35.29%
2.38%
47.06%
50.00%

Table 2 Correlation of nIC values, microvessel density and
vascular endothelial growth factor expression
Varieties
nIC-AP
nIC-VP
MVD

RESULTS
A total of 34 advanced GC patients (23 males, 11
females; mean age: 56 ± 3.7 years; age range: 30-73
years) were included (Table 1). Tumor size ranged
from 1.5 cm to 13.0 cm (median: 4.0 cm). Fourteen
tumors located in the gastric cardia-fundus, nine in
the gastricum, and 11 in antrum. All patients were
treated surgically by radical gastrectomy and D2
lymph node dissection. Based on pathologic results,
the adenocarcinoma was well differentiated in one
patient, moderately differentiated in 16 patients, and
poorly differentiated in 17 patients. According to the
th
7 American Joint Committee on staging classification
(AJCC), five patients were classified as T2, two as T3,
twenty-two as T4a and five as T4b; eleven as N0,
eight as N1, seven as N2, and eight as N3. No patient
had distant metastasis. The Lauren classification was
as follows: 15 were intestinal type, seven were mixed
type, and 12 were diffuse type. Additionally, the immunostaining analysis revealed that 25 patients (73.53%)
stained positive for VEGF with a score of 4 (n = 11), 5 (n
= 9), or 6 (n = 5). The mean MVD count for these 34
tumors was 26.94 ± 1.35.
In general, the bi-phasic nIC values and the MVD
counts were positively correlated (P = 0.013, P <
0.001, respectively). VEGF did not correlate with either
nIC value or with MVD, as shown in Table 2. When
stratified by different clinical features, the correlation
coefficient value increased. nIC-AP positively correlated
with MVD in patients with tumor stage less than T4 (r
= 0.851, P = 0.015), tumor of N0 stage (r = 0.620, P
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23
11

MVD

VEGF

r

P value

r

P value

0.423
0.606
1.000

0.013a
0.000a

0.170
0.311
0.210

0.358
0.073
0.233

a

P < 0.05. nIC-AP: Normalized iodine concentration in arterial phase; nICVP: Normalized iodine concentration in venous phase; MVD: Microvessel
density; VEGF: Vascular endothelial growth factor.

= 0.042), with a tumor located in the pylorus region (r
= 0.616, P = 0.044), and who were female (r = 0.696,
P = 0.017). On the other hand, nIC-VP correlated with
MVD in the more advanced group of patients, with
tumors above T4 stage (r = 0.656, P < 0.001), with
nodular involvement (r = 0.644, P = 0.001), that were
poorly differentiated (r = 0.799, P < 0.001), were of
mixed and diffused Lauren subtypes (r = 0.827, P =
0.022; r = 0.765, P = 0.004, respectively), and male
gender (r = 0.606, P = 0.002), as shown in Table 3.
The nIC values in the primary GC and normal
gastric wall were 0.116 ± 0.033 and 0.101 ± 0.023 in
arterial phase (P = 0.033), 0.386 ± 0.061, and 0.286
± 0.066 in the venous phase (P < 0.001) (Figure 4A).
For the VEGF-positive and -negative group, neither
nIC-AP nor nIC-VP showed statistically significant differences (Figure 4B).
When stratified by clinical subgroups, both nIC-AP
and nIC-VP were higher in patients with serosal
involvement, lymph node metastasis, poor differentiation, and diffused Lauren type than in those with depth
invasion under T4, nodal status N0, high and moderate
differentiation, intestinal and mixed Lauren type, but
these differences did not reach statistical significance.
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Table 3 Correlations between bi-phase normalized iodine concentration and microvessel density in different clinical-pathological
subgroups
n

Varieties
Depth of invasion
< T4
T4
Nodal status
N0
N1-3
Histologic differentiation
Highly and Moderately differentiated
Poorly differentiated
Lauren subtype
Intestinal type
Mixed type
Diffuse type
Tumor location
Cardia/Fundus
Gastricum
Antrum
Sex
Male
Female

nIC-AP vs MVD

nIC-VP vs MVD

r

P value

r

P value

7
27

0.851
0.370

0.015a
0.057

0.600
0.656

0.154
0.000a

11
23

0.620
0.330

0.042a
0.124

0.600
0.644

0.051
0.001a

17
17

0.250
0.427

0.334
0.087

0.190
0.799

0.466
0.000a

15
7
12

0.222
0.741
0.145

0.427
0.057a
0.653

0.101
0.827
0.765

0.719
0.022a
0.004a

14
9
11

0.311
0.385
0.616

0.279
0.307
0.044a

0.760
0.507
0.891

0.796
0.163
0.000a

23
11

0.385
0.696

0.070
0.017a

0.606
0.605

0.002a
0.049

a

P < 0.05. nIC-AP: Normalized iodine concentration in arterial phase; nIC-VP: Normalized iodine concentration in venous phase; MVD: Microvessel
density.

A

0.5

Normal
Tumor

0.3
0.2
0.1
0.0

0.5

VEGF(-)
VEGF(+)

0.4

b
nlC value

nlC value

0.4

B

a

0.3
0.2
0.1

AP

VP

0.0

AP

VP

Figure 4 Comparison of normalized iodine concentration in arterial phase; and normalized iodine concentration in venous phase between the normal
gastric wall and tumor site (A); comparison of normalized iodine concentration in arterial phase and normalized iodine concentration in venous phase
between the vascular endothelial growth factor-positive and -negative group (B). aP < 0.05, bP < 0.001. VEGF: Vascular endothelial growth factor; nIC:
Normalized iodine concentration; AP: Arterial phase; VP: Venous phase.

nIC-AP and nIC-VP showed statistically significant differences between differentiation categories (P = 0.003,
P = 0.001, respectively) and between Lauren subtypes
(P = 0.016, P = 0.006, respectively). The LSD test
revealed that nIC-AP and nIC-VP were significantly different between intestinal and diffuse Lauren subtypes
(P = 0.005, P = 0.004, respectively). nIC-VP was also
significantly different between intestinal and mixed
Lauren subtypes (P = 0.013), as shown in Table 4.

former correlated significantly with MVD in the relative
earlier stage of advanced GC, while the latter correlated with MVD in the more advanced stage. Second,
no significant correlation was found between nICs
and VEGF. Third, nIC values in the normal gastric wall
were observed to be significant lower than that in the
tumor. Fourth, nICs were observed to differ between
histological grades and Lauren subtypes of advanced
GC; the greater the malignancy, the higher the nICs.
Taken together, these observations demonstrate that
quantification of iodine in spectral CT imaging have the
potential to reflect angiogenesis of advanced GC.
Iodine, a commonly used CT contrast material, is
generally known to produce higher attenuation at low
[18]
tube voltage settings . Based on this effect, spectral
CT using high and low voltage switching settings could

DISCUSSION
There were four major findings from this study. First,
the bi-phasic nICs showed a significantly linear positive
relationship with MVD in primary GC. The nIC-AP and
nIC-VP correlated with MVD in different subgroups; the
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Table 4 Difference of bi-phase normalized iodine concentration between different clinical-pathological subgroups
n

Varieties
Depth of invasion
< T4
> T4
Nodal status
N0
N1-3
Histologic differentiation
Highly and moderately differentiated
Poorly differentiated
Lauren subtype
Intestinal type
Mixed type
Diffuse type
Tumor location
Cardia/Fundus
Gastricum
Antrum
Sex
Male
Female

nIC-AP

nIC-VP

mean ± SD

P value

mean ± SD

P value

7
27

0.101 ± 0.042
0.120 ± 0.031

0.195

0.363 ± 0.079
0.392 ± 0.063

0.302

11
23

0.112 ± 0.033
0.125 ± 0.035

0.321

0.385 ± 0.085
0.387 ± 0.057

0.923

17
17

0.100 ± 0.028
0.132 ± 0.031

0.003a

0.352 ± 0.048
0.421 ± 0.065

0.001a

15
7
12

0.099 ± 0.029
0.120 ± 0.032
0.135 ± 0.030

0.016a

0.347 ± 0.048
0.417 ± 0.061
0.417 ± 0.067

0.006a
0.0131,a
0.002,a

14
9
11

0.109 ± 0.033
0.128 ± 0.024
0.116 ± 0.040

0.445

0.385 ± 0.046
0.387 ± 0.064
0.387 ± 0.091

0.874

23
11

0.113 ± 0.033
0.124 ± 0.035

0.377

0.390 ± 0.069
0.378 ± 0.062

0.633

0.0052,a

1

One-way ANOVA-LSD, mixed type vs intestinal type; 2Diffuse type vs intestinal type. aP < 0.05. nIC-AP: Normalized iodine concentration in arterial phase;
nIC-VP: Normalized iodine concentration in venous phase; MVD: Microvessel density; SD: Standard deviation.

[19]

differentiate materials of the same density
and
[20]
the IC value could be extracted . With water-iodine
[9]
based material decomposition images, Lv et al concluded that the IC in images of hepatic lesions acquired
in a quantitative parameter was highly precise. Thieme
[21]
et al
found a very good correlation between vessel
occlusion depicted at CTA and IC defects in the dualenergy image, indicating that iodine distribution in the
parenchyma is closely related to pulmonary perfusion.
Therefore, the IC may be considered as an indirect
marker of perfusion and tumor vascularity.
Tumor angiogenesis is defined as the formation of
[22]
new blood vessels from pre-existing vessels . MVD
and identification of VEGF in tissues are commonly used
[23]
biomarkers of angiogenesis . In previous studies, the
relationships between dynamic contrast-enhanced perfusion CT parameters and immunohistological markers
of angiogenesis have been studied in different tumors,
[24]
[6,25]
including colorectal cancer , advanced GC
, lung
[26]
cancer , etc. However, the studies produced discrepant results on whether the use of blood flow or permeability surface area product were efficacious.
Our results proved a positive linear relationship
between IC and MVD in primary GC. The nIC values
were significantly elevated in the tumor as compared to
the normal gastric wall. Similar results were acquired
[27]
by Pang et al , who considered the nIC value of the
infarcted myocardium to be an important indicator of
MVD in the 1-min and 3-min CT images. Additionally,
[12]
the study by Hu et al indicated that the nIC values of
three-phase scans had a positive correlation with MVD
for detecting the therapeutic response in a pancreatic
carcinoma xenograft nude mouse model. Taken
together, spectral CT imaging can be used to evaluate
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angiogenesis in disease.
On the other hand, nIC had a low correlation with
VEGF expression, and no significant differences were
found in the comparison between IC parameters
and VEGF group. VEGF, one of the most prominent
biomarkers of angiogenesis studied to date, has been
shown to correlate well with CT perfusion in peripheral
[28]
pulmonary nodules . Moreover, the study of Zhou
[13]
et al
in a rabbit VX2 liver model suggested that
nIC and contrast-enhanced ultrasound parameters
positively correlated with VEGF and FGF2 expression,
while several reports failed to show such a correlation,
[6]
for example, the GC study performed by Yao et al
[24]
and the colorectal cancer research by Goh et al . The
relationship between VEGF expression and imaging of
tumor vascularity is complex. Further investigations
of IC and VEGF in a large population with different
clinical-pathology are needed.
At the same time, nIC in arterial phase and venous
phase displayed different character when stratified.
The nIC-AP showed correlations with MVD in relative
earlier and differentiated advanced GC, while nIC-VP
correlated with MVD in more advanced stage and
poorly differentiated advanced GC.
In terms of the acquisition time of our routine
abdominal CT scanning, the AP was performed at
about 25-30 s after contrast media injection, when the
mucosa at the lesion presented as a focal enhanced
line. nIC-AP can reflect the blood supply and functional
capillary density. In the VP of GC, the markedly
increased interstitial fibrous tissue reduced the flow-out
[29]
speed of the contrast media ; thus, more dysfunctional neo-vessels should be considered. Therefore,
the nIC-VP may represent the distribution of iodine in
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histopathological counting of micro-vessel density (MVD). This is impractical for
patients who undergoing anti-angiogenesis or chemotherapy. The current trial
was designed to evaluate if the iodine concentration (IC) generated by spectral
computed tomography could non-invasively judge the features of tumoral MVD
and vascular endothelial growth factor with clinical data.

interstitial spaces. Under such conditions, the bi-phasic
nIC demonstrated the vascular character of GC, and
nIC-VP may be better correlated with MVD in advanced
GC.
Furthermore, both nICs were different between
histological differentiations and Lauren subgroups. The
nIC-VP was more effective than nIC-AP in displaying
the difference between Lauren subtypes. In general,
the nIC value was higher in poorly differentiated and
diffused types than that in highly or moderately dif[30]
ferentiated and intestinal types. A previous study
has found that the degree of tumor angiogenesis was
closely related to the pathological grade, that is, the
poorer the differentiation of the tumor, the higher the
[31]
MVD values. Another study
demonstrated a correlation between MVD and tumor histological type accor
ding to the Lauren classification. Accordingly, it is likely
that the nIC value can be used to evaluate histology by
mapping the neovascularization of advanced GC. The
finding in the present study was also supported by the
[15]
[32]
results of Pan et al and Wang et al in GC research.
The nICs increased in patients with serosal involvement and lymphatic metastasis, but the differences
from patients without serosal involvement and lymphatic metastasis did not reach significant difference,
for reasons that are not immediately clear, as these
clinical-pathological features should reflect the functional status of the vasculature. Both nIC-AP and
nIC-VP correlated with MVD of GC located in the
antrum and occurring in different genders. However,
nICs were not very effective in differentiating between
these groups.
There are several potential limitations in our study.
First, the tumor vasculature is spatially heterogeneous.
Although we selected specimens carefully under the
guide of two major specialists, the excision level
was barely achieved. It may be questioned whether
the part of the histopathological part selected and
matched to the imaging measurement represented the
angiogenesis of the whole tumor. Second, the sample
numbers were limited, especially when subdivided by
clinical classification. A larger prospective investigation
is needed to confirm the present findings. Third, given
the limitations of CT resolution, flat and light ulcerous
lesions without enhancement would have been missed
in the images, which inducing selection bias.
In conclusion, the bi-phasic nIC values had a positive linear correlation with MVD. nIC-AP reflected the
angiogenesis in relatively earlier and well-differentiated
advanced GC, while nIC-VP reflected this in further
advanced and poorly differentiated GC. Spectral CT
with quantitative IC value offers a new choice to evaluate the angiogenesis of gastric cancer noninvasively.

Research frontiers

Iodine-water material-decomposition (MD) images can quantitatively map the
IC of the tissue in enhanced scanning. In this study, there is suggestion that IC
value has the potential to reflect angiogenesis of advanced GC.

Innovations and breakthroughs

The authors measured the normalized IC value in spectral computed
tomography (CT) with manually drawn regions of interests to avoid the selection
bias. Data stratified by clinical subgroups further revealed the connection
between imaging index and patho-index. They finally proved that the normalized
IC value in different scanning phase could reflect angiogenesis in different
pathological subgroups of advanced GC.

Applications

Radiological-pathological correlation in angiogenesis, although with not much
high coefficient, will offer a new choice to clinical decision in judging the
status of GC, especially for neoadjuvant chemotherapy or radiochemotherapy
patients.

Terminology

IC: Iodine is a commonly used contrast material in performing enhanced CT
scanning. The iodine concentration here refers an imaging data, representing
iodine distribution of the organ with spectral CT modality, not the real iodine
concentration of contrast material itself.

Peer-review

The study on the spectral computed tomography in advanced gastric cancer is
quite interesting with novelties.
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Abstract
AIM
to evaluate the quality and accuracy of websites
written to the public on inflammatory bowel disease
(IBD) (Crohn’s disease and ulcerative colitis) and assess
their readability level.
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METHODS
Google™, Bing™, and Yahoo™ search engines were
searched independently by three researchers in
December 2014. Only English-language websites were
selected on the basis of predetermined inclusion and
exclusion criteria. Researchers independently evaluated
the quality of each website by using the DISCERN and
the HONcode instruments. The readability levels were
calculated using two formulas; the Flesch-Kincaid Grade
Level Index, and the Coleman-Liau Readability Index.
The agreement between the evaluators was calculated
using Cohen kappa coefficient.
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maximum of 68 [mean ± SD, 42.2 ± 10.7; median =
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25, 30%), charities and volunteer work (n = 9, 10%),
and non-university educational bodies (n = 10, 12%).
The Flesch-Kincaid Grade Level readability score (mean
± SD) was 11.9 ± 2.4 and the Coleman-Liau Readability
Index score was 12.6 ± 1.5. Significant correlation was
2
found between the two readability scores (R = 0.509,
p = 0.001). The overall agreement between evaluators
measured by Cohen kappa coefficient was in the range
of 0.804-0.876; rated as “Good”.

with the highest incidence in developed countries
mainly North America, United Kingdom and northern
Europe. The incidence of ulcerative colitis in North
America is approximately 19.5 per 100000 person
years and 243 per 100000 person years in Europe
while the incidence of Crohn’s disease in North America
is approximately 20.2 per 100000 person years
[4]
and 12.7 per 100000 person years in Europe . The
aims of treatment are to induce remission in active
disease and to maintain remission/prevent relapse.
Therapeutic modalities include lifestyle modification,
nutritional support, and medications. Surgery is
reserved for the treatment of complications or when
the medical therapy is ineffective. In addition to other
complications, patients with IBD are at a higher risk of
developing colorectal cancer. Therefore, patients have
to undergo to regular checkup for early detection of
[5]
the development of colon cancer .
With this information in mind, patients with IBD,
as it is the case with other chronic diseases, usually
seek information about the nature of the disease, its
causes, investigations needed to diagnose the disease
and therapeutic options. The advances in treatment
modalities and options, and the increasing desire
for patients to participate in decision-making about
treatment choices necessitate the need for resources
to support these decisions. Nowadays, patients have
increasingly used the Internet as a source of health
information because of its global accessibility, speed,
[6]
and cost effectiveness . Approximately 80% of the
Internet users look for medical or health-related
[7]
information through the Internet . The topics most
searched were information about specific disease
or medical condition, treatment options, diet and
[7]
nutrition, exercise and fitness and medications . The
increasing use of the Internet embraces a variety of
aspects of topics searched, which gives the person an
opportunity to investigate their questions from several
resources. However, with the abundance of such information there is concern about the quality, accuracy,
and readability level of the information available on the
[8]
Internet about health care .
Therefore, the aims of this study were: to evaluate
the quality, and accuracy of web-based information
about IBD using two instruments, the DISCERN and
the HONcode, as well as calculate the readability level
by using two formulas, the Flesch-Kincaid Grade Level
Index, and the Coleman-Liau Readability Index. The
rationales for the study were to assess the educational
usefulness of web-based information on IBD particularly their quality, accuracy and areas of deficiencies
that need improvement. Also to assess whether these
resources are easily read and understood by the public. Therefore our research questions are: (1) for the
websites targeting the public and patients with IBD,
what is the accuracy and the quality of these information resources? And (2) does the readability level of
these online resources match with the recommended
level for the public?

CONCLUSION
The DISCERN and the HONcode scores of websites
varied and the readability levels of most websites
were above the public readability level. The study
highlights the areas that need further improvement
and development in patient education online materials
about IBD.
Key words: Inflammatory bowel disease; the internet;
patients’ information; Evidence; Patients’ education;
online resources
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a comprehensive study analyzing the
quality and accuracy of content and the readability level
of websites in the English language on inflammatory
bowel disease dedicated to the public. Two standardized
instruments were used in assessing quality and accuracy
and two methods were used in calculating readability
level. The study showed variability in scores and the
readability levels of most websites were above that for
the public. Based on evidence, the study highlights the
need for improving online patient education.
Azer SA, AlOlayan TI, AlGhamdi MA, AlSanea MA.
Inflammatory bowel disease: An evaluation of health information
on the internet. World J Gastroenterol 2017; 23(9): 1676-1696
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i9/1676.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1676

INTRODUCTION
Inflammatory bowel disease (IBD) refers to two
chronic inflammatory disorders, Crohn’s disease and
ulcerative colitis. Both are life long, relapsing disorders
of unknown etiology; possibly the result of interaction
[1]
between genetic and environmental factors . The
diagnosis of these disorders is based on clinical fea[2]
tures, endoscopy, and histological changes . Crohn’s
disease may affect any part of the gastrointestinal
tract but most commonly affects the distal ileum and
proximal colon. The disease is characterized by inflammatory changes involving all the layers of the affected
regions. In contrast, ulcerative colitis is characterized
by continuous ulceration starting in the rectum and
[3]
limited to the colonic mucosa . IBD occurs worldwide
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online resources
. More details about these two
instruments can be summarized as follows:

MATERIALS AND METHODS
Search design

In this study we assessed websites written for
patients and the public on IBD by searching three
search engines (Google™, Bing™ and Yahoo™), the
selection of these three search engines was based
on current statistical information that showed that
these engines are the most searched by the public
[9]
for health information . The quality and accuracy of
information provided on websites were assessed using
two instruments: the DISCERN (www.discern.org.uk)
and HONcode (www.hon.ch/HONcode/) instrument.
Details about these instruments and the justification
for selecting them are discussed later. The readability
of the websites was assessed using two methods:
the Flesch-Kincaid Grade Readability Level and the
Coleman-Liau Readability Index. After piloting the work
and ensuring satisfactory use of these instruments by
researchers, the work was carried out to assess the
quality of websites. The Institutional Review Board,
College of Medicine King Saud University, has approved
the project and the approval number: F06/2014.

DISCERN instrument: This instrument is a standardized set of criteria for judging the quality of health
information and is written for the public to assess
[8,10-12]
treatment options
. The DISCERN instrument was
created by the University of Oxford, and the project
was funded by the British Library and the National
Health Service (NHS) Research & Development
[13]
Programme The instrument consists of 15 questions
plus an overall quality rating question. The questions
can be grouped under the three key topics as follows:
Questions 1 to 8 addressing reliability, Questions 9
to 15 addressing specific detail about the information
provided and treatment choices, and Q16 covering
[14]
the overall quality rating . The instrument has been
used to assess healthcare-related websites and online
resources. For example, the quality of patients’ infor[12]
mation on surgical treatment of haemorrhoids , and
[11]
colorectal cancer information .
HONcode instrument: The Health on the Net (HON)
Foundation, a non-profit, and non-government organization created this instrument in 1995. The instrument
focuses on key questions on the provision of health
information available on the Net, and provides a code
of conduct addressing eight principles: (1) authoritative (indicates the qualifications of the authors); (2)
complementarity (Information should support, not
replace, the doctor-patient relationship); (3) privacy
(Respect the privacy and confidentiality of personal
data submitted to the site by the visitor); (4) attribution [cite the source(s) of published information, date
medical and health pages]; (5) justifiability (site must
back up claims relating to benefits and performance);
(6) transparency (Accessible presentation, accurate
email contact); (7) financial disclosure (Identify
funding sources); and (8) advertising policy (Clearly
[15-17]
distinguish advertising from editorial content)
. To
earn HONcode certification, a website must conform
to the eight principles of the HONcode of Conduct. An
HONcode expert then assesses the candidate website
using precise guidelines for each principle. Recently,
the HON Foundation has developed an automated
system to assist in detecting a website’s HONcode
conformity. Therefore, the automated assistance in
conducting HONcode reviews can expedite the current
time-consuming tasks of HONcode certification and
ongoing surveillance. A recent study showed that there
is concordance between automated and expert manual
[18]
compliance detection for the criteria . In this research
we have used the electronic system available at:
http://www.readabilityformulas.com/free-readabilityformula-tests.php.
The HONcode has been widely used in the literature
[19]
in assessing health-related websites . The two instruments, the DISCERN and HONcode, do not exactly
cover the same issues/topics, although there are some

Searching the internet

Using the following key words: “inflammatory bowel
disease”, “Crohn’s disease”, “ulcerative colitis”,
“inflammatory bowel disease patient information”,
“Crohn’s disease patient information”, and “ulcerative
colitis patient information”, three search engines
(Google™, Bing™ and Yahoo™) were searched.
Researchers independently from 1 to 20 December
2014 conducted the search. Information for each
website was recorded; these included: website title,
website URL, name of creator, year of publication on
the Internet, last date updated, and the objectives
of the website. This information about each website
was collected using the following online meter:
http://whois.domaintools.com/. The data collected
were evaluated on the bases of the inclusion and the
exclusion criteria.

Inclusion and exclusion criteria

The inclusion criteria included: (1) websites covering
public education about Crohn’s disease, ulcerative
colitis or IBD; and (2) websites focusing on patient
education and in the English language. The excision
criteria comprised: (1) websites addressing doctors or
health professionals; (2) lectures, and advertisement
on IBD; (3) websites in languages other than English;
and (4) presentations at conferences.

Assessing accuracy and quality of information

Two instruments were used in assessing the quality
and accuracy of information provided, namely the
DISCERN instrument and the HONcode instrument.
These two instruments have been widely used in the
literature in assessing information on the Internet particularly health related issues and patients’ education
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overlaps. Therefore, using these two instruments with
these differences in mind could provide a better evaluation of the websites.

the United States Navy, hence the name of the test .
The test is based on the word length and the sentence
length and is based on the following formula:
0.39 × [(total words)/(total sentences)] + 11.8 ×
[(total syllables)/(total words)] - 15.59
This method has been widely used in assessing the
[27]
readability of websites and educational material .

Piloting the study

The aims of piloting the study were: (1) to introduce
the two instruments to the researchers and orient
them on how to use each instrument in assessing
the websites; and (2) identify difficulties facing the
researchers on applying the two instruments and the
sources of disagreements among them. Such exercise
prior to the implementation of the two instruments
was vital for ensuring optimal use of the instruments
and maximizing the degree of agreement among
evaluators when they apply these two instruments in
the actual research. The piloting part was conducted
as follows: (1) approximately 10 websites other than
those identified for the research study were evaluated
independently by three researchers using the two
instruments; (2) the results of their evaluation were
discussed with the aim to identify sources for difficulties/disagreements; (3) the identified differences were
resolved after discussing them reaching to a solution;
and (4) the same process was repeated on another 10
websites until the agreement between the researchers
[20]
reached to an optimal level .

Coleman-Liau readability index: This test differs
from the above method in relying on characters instead
of syllables per word. It enables the users however to
grade the readability level. It has been widely used in
[27]
assessing the readability of educational material .
We used a free online calculator (www.readabilityformulas.com) to calculate the readability level using
the two readability methods. As per instructions
provided by the website, the top, middle and bottom
150-200 words of each website were placed in the
calculator and then the text readability was checked by
calculating the number of sentences, words, syllables,
and characters in the sample. A sufficient sample size
of four to five full sentences; approximately 200-500
words in total were used. The scores recorded for each
website were placed on an Excel sheet and reviewed
by two other researchers before conducting final
analysis for the means and standard deviations.

Grouping the websites under five categories

Conduction of the study

Assessment of the identified websites revealed variability in their creators. These can be grouped into
5 categories: (1) university, affiliated hospitals, and
research centres; (2) foundations and associations;
(3) commercial and pharmaceutical companies; (4)
charities and volunteer works; and (5) non-university
educational bodies such as colleges, academies, and
councils. The grouping of websites under these five categories was carried out by researchers independently
and was reviewed in a meeting for any disagreements.

Along with the same approach described under piloting
the study, the researchers evaluated the websites
identified by applying the two instruments on each
website and giving a score. The process was conducted
by each researcher independently first by applying the
DISCERN instrument then the HONcode instrument.
The results of the assessment were placed on an Excel
sheet for each researcher. The degree of agreement
[21]
was measured using Cohen kappa coefficient .

Calculating website readability

Statistical analysis

The aims of calculating readability level of websites
was to assess if they were written at the readability
level of the general public and patients; should not
th
[22,23]
exceed the 6 grade readability level
. Two methods were used to calculate readability: The Flesch[24]
Kincaid Grade Level Index , and the Coleman-Liau
[25,26]
Readability Index
. It was decided to use these
two methods rather than one method so that we can
compare the readability scores and examine if there
were an agreement between the two methods, and
hence strengthening the outcomes of our readability
assessment and our conclusions. The two methods can
be summarized as follows:

The collected data were placed on an Excel Sheet
(Microsoft Excel for Mac 2011, Microsoft Corporation,
Redmond, WA, United States). All analysis was conducted by using SPSS software (SPSS Statistics version 22 for Mac, IBM Corporation, Armonk, NY, United
States). For the data collected from measuring website
accuracy, and the readability scores, the means,
standard deviations, the median and interquartile
range (IQR) were calculated. Pearson correlation
studies and p-values for significance were calculated to
examine if there were correlations between the scores
[28]
obtained from the two readability methods . A p-value
of < 0.05 was considered significant. The agreement
between the evaluators measured by the degree of
inter-rater agreement using Cohen kappa coefficient
was also carried out using SPSS software. This has
been interpreted as “Poor”, if the results in the range:

Flesch-Kincaid grade level index: This test helps in
indicating how difficult a reading passage in the English
language to understand. The test was developed by
Rudolf Flesch and finalized by J Peter Kincaid for use by
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Identification

Websites identified
by searching Google
(n = 100)

Websites identified
by searching Bing
(n = 100)

Websites identified
by searching Yahoo
(n = 100)

Screening

Websites after duplicates removed
(n = 210)

Websites screened
(n = 210)

Websites excluded
(n = 26)

Eligibility

Websites examined
for eligibility
(n = 184)

Websites excluded
(n =100)
Addressing doctors or health professionals.
Advertisement on inflammatory bowel disease.
Websites in languages other than English.
Conference presentations.

Included

Websites included in
the study
(n = 84)

Figure 1 PRISMA flowchart showing the websites on inflammatory bowel disease searched on the Internet and those finally included in the study.

0.21-0.40; “Fair” 0.41-0.60; “Moderate” 0.61-0.80;
“Good” 0.81-1.00.

Of the 84 websites, 60 websites comprised 1-5
pages, 16 websites had 6-10 pages, 8 had more than
11 pages. The website titled Crohn’s disease by the
University of Maryland medical center had the highest
number of pages, 20 pages. The number of tables
varied from zero to 6. Out of the 84 websites only
24 websites used tables to explain their content. The
total number of tables in these websites was 55. The
number of images varied from zero to 27. Out of the
84 websites only 42 websites had images to explain
the content. The total number of images in these websites was 141. Again the number of illustrations varied
from zero to 10. Out of the 84 websites, only 28 had
illustrations to explain the content. The total number of
illustrations was 53.

RESULTS
General information about websites

The search of the three databases, Google™, Bing™
and Yahoo™, resulted in the identification of 300
websites. After the duplicates were removed we ended
with 210 websites. On applying the inclusion and
exclusion criteria, 84 websites were finally identified
and included in the study (Figure 1).
Table 1 summarizes the general information
about the 84 websites, including: website title, URL,
author/ownership, year created, last updated, number
of pages, number of tables, images and illustrations. The oldest two websites were created by the
University of North Carolina (UNC), School of Medicine,
North Carolina, United States and the Department
of Surgery, University of California, California, United
States, while the most recent was published in 2013
and created by New Health Guide, United States.
For other websites, four websites were published
in 1987-1994, 44 were published in 1995-2002, and
29 were published in the years 2003-2011. Only four
websites were difficult to identify the exact year of
their publication. Websites were updated regularly, 51
websites were updated in 2015 and 2014, while 33
websites were updated earlier, including one website
was updated in 2006.

WJG|www.wjgnet.com

DISCERN and the HONcode scores of websites

In order to calculate the accuracy of the websites, we
used two instruments, the DISCERN and the HONcode
instruments. Table 2 summarizes the scores calculated
from applying the DISCERN and the HONcode scores
expressed as mean ± SD for each website. The
DISCERN scores varied from a minimum of 18 to a
maximum of 68 (mean ± SD, 42.2 ± 10.7; median
= 41.5, IQR = 15.8). The lowest DISCERN score was
scored by the website, Crohn’s Disease Diagnosis,
New health guide, while the highest DISCERN score
was scored by the website, Crohn’s Disease, the
National Institute of Diabetes and Digestive and
Kidney Diseases. The HONcode trust worthy scores
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Table 1 Summarizes general information about websites on inflammatory bowel disease included in the study
No.

Website title,
Organisation

1

Inflammatory
Bowel Disease
(IBD), Mayo Clinic

2

Inflammatory
Bowel Disease
Health Center,
WebMd
Inflammatory
Bowel Disease
(IBD), Center for
Disease Control and
Prevention (CDC)
Inflammatory
Bowel Disease,
NHS Choices
What are Crohn's
and Colitis?
Crohn's and Colitis
Foundation
Inflammatory
Bowel Disease,
KidsHealth

3

4

5

6

7

8

9

10

11

12

13

14

15

16

URL

Authority/ownership, Year
state, country
created

http://www.mayoclinic.org/
Mayo Foundation for
diseases-conditions/inflammatory- Medical Education
bowel-disease/basics/definition/
and Research,
con-20034908
Arizona, United
States
http://www.webmd.
WebMD, Inc.,
com/ibd-crohns-disease/
Georgia, United
States.
http://www.cdc.gov/ibd/

http://www.nhs.uk/conditions/
inflammatory-bowel-disease/
pages/introduction.aspx
http://www.ccfa.
org/what-are-crohns-and-colitis/

http://kidshealth.org/parent/
medical/digestive/ibd.html

Inflammatory
Bowel
Disease (IBD).
FamilyDoctor
Inflammatory
Bowel Disease,
Healthline
Crohn's and Colitis,
Australia

http://familydoctor.org/
familydoctor/en/diseasesconditions/inflammatory-boweldisease.html
http://www.healthline.com/
health/inflammatory-boweldisease#Overview1
https://www.crohnsandcolitis.
com.au/about-crohns-colitis/
inflammatory-bowel-disease/
Crohn's and Colitis
http://www.crohnsandcolitis.
UK
org.uk/information-and-support/
information-about-ibd/what-is-IBD
Inflammatory
http://www.medicinenet.com/infla
Bowel Disease
mmatory_bowel_disease_intestinal_
(IBD) (Intestinal
problems/article.htm
Problems of IBD),
MedicineNet
Inflammatory
http://www.cedars-sinai.edu/
Bowel Disease
Patients/Programs-and-Services/
Center,
Inflammatory-Bowel-DiseaseCedars-Sinai
Center/
Inflammatory
http://www.livescience.com/39880Bowel Diseases
inflammatory-bowel-disease.html
Symptoms and
Treatment:
Livescience
Inflammatory
http://www.pennmedicine.
Bowel Diseases
org/gastroenterology/patient-care/
Program, Penn
gi-diseases/inflammatory-bowelMedicine.org
disease-ibd/
Inflammatory
http://www.ibdsupport.org/
Bowel Diseases
Support Groups,
IBDsupport.org
Inflammatory
http://www.abc.net.au/health/
Bowel Disease
library/stories/2012/02/22/343568
(IBD), ABC Health
8.htm
and wellbeing
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Last
updated

Number Number of Number Number of
of pages
tables
of images illustrations

1997

04 Feb 2014

11

0

0

0

1998

06 Sep 2013

2

0

3

0

Centers for Disease
Control and
Prevention (CDC),
Georgia, United
States.
NHS England,
Wakefield, United
Kingdom.
Crohns and Colitis
Foundation of
America, New York,
United States.
Kids Health
Organisaion,
The Nemours
Foundation, Orlando,
United States.
American Academy
of Family Physicians,
New Jersey, United
States.
Healthline,
California, United
States.
Crohn's and Colitis
Australia, Victoria,
Australia.
Crohn's and
Colitis UK, United
Kingdom.
Medicine.Net.com,
WebMed Network,
New York, United
States.

1999

04 Sep 2014

3

0

1

1

1996

29 Apr 2013

2

0

0

0

1996

14 Apr 2014

1

0

1

0

1995

27 Jan 2015

4

0

1

0

1998

22 Jan 2015

7

0

0

0

2004

29 Nov
2011

6

0

0

0

2009

24 Jul 2014

3

0

1

0

2010

13 Nov
2014

2

0

1

0

1995

6 Sep 2013

12

0

27

0

Cedars-Sinai Medical
Center, California,
United States.

1992

5 Jul 2013

2

0

0

0

Tanya Lewis,
LiveScience
Contributor, New
York, United States.

2001

10 Apr 2014

11

0

1

0

Penn Medicine,
Pennsylvania,
United Stats.

2003

6 Nov 2014

4

0

0

0

IBD support.org,
Utah, United States.

2011

30 May
2014

2

0

0

0

Australian
Broadcasting
Corporation, NSW,
Australia.

2001

3 Dec 2014

4

0

1

0

1681

March 7, 2017|Volume 23|Issue 9|

Azer SA et al. Online resources on IBD
17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Inflammatory
Bowel Disease
(IBD), GIKids

http://www.gikids.
org/content/7/en/IBD

GIKids and The
NASPGHAN
Foundation,
Pennsylvania, United
States.
Inflammatory
https://www.vitamindcouncil.org/
The Vitamin D
Bowel Disease,
health-conditions/inflammatoryCouncil, California,
Vitamin D Council
bowel-disease/
United States.
Inflammatory
http://www.seattlechildrens.
Children's Hospital
Bowel Disease
org/medical-conditions/digestive- and Regional Med.
Symptoms and
gastrointestinal-conditions/ibdCtr, Washington,
Diagnosis, Seattle
symptoms/
United States.
children's
Crohn's Disease,
http://www.patient.
Patient, Patient
Patient.co.uk
co.uk/health/crohns-disease-leaflet
information
Publications, Leeds,
United Kingdom.
Patient Information
http://www.uptodate.com/
UpToDate, Wolters
Crohn Disease
contents/crohn-disease-beyond-theKluwer Health,
(Beyond and the
basics
Illinois, United
Basics), Uptodate
States.
Crohn's Disease,
http://www.cdd.com.au/pages/
The Centre for
Centre for digestive disease_info/crohns_disease.html
Digestive Diseases,
diseases
NSW, Australia.
Crohn's Disease,
http://www.bsg.org.uk/patients/
British Society of
Patients: British
general/crohn-s-disease.html
Gastroenterology,
Society for
London, United
Gastroenterology
Kingdom.
Crohn's Disease,
http://www.bupa.co.uk/healthThe British
Bupa
information/directory/c/crohnsUnited Provident
disease
Association Ltd,
London, United
Kingdom
Crohn's Disease,
http://umm.edu/health/medical/
University of
University of
reports/articles/crohns-disease
Maryland Medical
Maryland Medical
Center, Maryland,
Center
United States
Crohn's Disease, https://www.southerncross.co.nz/
Southern Cross
Symptoms,
AboutTheGroup/HealthResources/ Healthcare Group;
Diagnosis,
MedicalLibrary/tabid/178/vw/1/
Auckland, New
Treatment,
ItemID/523/Crohns-diseaseZealand.
Southern Cross
symptoms-diagnosis-treatment.aspx
Crohn's Disease,
http://www.aafp.org/
American Academy
American family
afp/2011/1215/p1379.html
of Family Physicians,
physician
Kansas, United States
What is Crohn's
http://www.medicalnewstoday. Christian Nordquist,
Disease? What
com/articles/151620.php
MNT, Sussex, United
Causes Crohn's
Kingdom.
Disease? MNT
Crohn's Disease,
http://www.netdoctor.co.uk/
NetDoctor.co. Ltd,
Netdoctor
diseases/facts/crohnsdisease.htm
London, United
Kingdom.
Crohn's Disease,
http://www.ucsfhealth.
University of
UCSF medical
org/conditions/crohns_disease/
California San
center
Francisco Medical
Center, California,
United States.
Crohn's Disease
http://health.usnews.com/
Guido Zanni, US
Symptoms and
health-news/health-wellness/
News, New York,
Treatment, US.news
articles/2013/08/03/crohnsUnited States,
Wellness
disease-symptoms-and-treatment
What are the
http://www.bidmc.org/Centers- Beth Israel Deaconess
treatments for
and-Departments/Departments/
Medical Center,
Crohn's disease?
Digestive-Disease-Center/
Massachusetts,
Beth Israel
Inflammatory-Bowel-DiseaseUnited States.
Deaconess Medical Program/Crohns-Disease/WhatCenter
are-the-treatments-for-Crohnsdisease.aspx
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2009

11 Jun 2013

2

0

1

0

2007

17 Jun 2011

6

0

0

0

1993

23 Apr 2014

2

0

0

0

1997

05 Mar
2013

8

0

0

1

1998

29 Jul 2014

5

0

0

0

08 Jul 2013

4

0
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33

34

35

36

37

38

39
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41

42

43

44

45

46

47

48

Diagnosing Crohn's, http://www.crohnsandme.com/
UCB Multinational
2005
Crohn's and Me. crohns-information/crohns-disease- Biopharmaceutical
diagnosis.aspx
Company, Brussels,
Belgium
Understanding
http://www.crohnsandcolitisinfo. Crohn's and Colitis, 2011
Crohn's Disease,
com/Crohns/What-is-CrohnsIllinois, United States
Crohn's and Colitis.
Disease
Learning About http://www.genome.gov/25521854
National Human
Crohn's Disease,
Genome Research
National Human
Institute,
Genome Research
Massachusetts,
Institute
United States
Crohn's Disease,
http://www.upmc.com/services/
UPMC Digestive
1999
UPMC Life
digestive-disorders-center/services/ Disorders Center,
Changing Medicine
ibd/conditions/pages/crohnsUPMC Presbyterian,
disease.aspx
Pennsylvania, United
States
Crohn's Disease,
http://www.cincinnatichildrens. Cincinnati Children's 1998
Cincinnati
org/health/c/crohns/
Hospital Medical
Children's
Center, Ohio, United
States
Crohn's Disease,
http://my.clevelandclinic.org/
The Cleveland Clinic 1998
Cleveland clinic health/diseases_conditions/hic_Infl Foundation, Ohio,
ammatory_Bowel_Disease_IBD_Qan
United States
dA/hic_Crohns_Disease
Treatment
http://www.med.unc.edu/
UNC, School of
1986
of Crohn's
gi/specialties/ibd/about-ibd/
Medicine, North
Disease, UNC
treatment-of-ibd-1/treatment-ofCarolina, United
Multidisciplinary
crohns-disease
States
Center for IBD
Research and
Treatment
Crohn's Disease, http://www.emedicinehealth.com/ EMedicine.com Inc, 2003
Emedicine health
crohn_disease/article_em.htm
WebMD Network,
Georgia, United
States
Understanding
http://www.nevdgp.org.au/info/
Australian
Crohn's Disease
gastro/crohns.htm
Gastroenterology
and Ulcerative
Institute, Digestive
Colitis. Australian
Health Foundation,
Gastroenterology
New South Wales,
Institute.
Australia
Crohn's Disease,
http://www.drweil.com/drw/u/
Weil's Foundation,
1999
Health Centers
ART00339/Crohns-Disease.html
Arizona, United
States
Crohn's Diseasehttp://www.rch.org.au/kidsinfo/ The Royal Children's
An Overview, the fact_sheets/Crohns_Disease_an_ove Hospital Melbourne,
Royal Children's
rview/
Victoria, Australia
Hospital Melbourne
Fighting
http://www.iscc.ie/page.
The Irish Society for 2000
Inflammatory
php?id=18&title=What%20is%20IBD Colitis and Crohn's
Bowel Disease
Disease, Dublin,
Together, the
United Kingdom
Irish Society for
Colitis and Crohn's
Disease
Crohn's Disease
http://www.newhealthguide.org/ New Health Guide, 2013
Diagnosis, New
Crohn%27s-Disease-Diagnosis.html
United States
health guide
Crohn's Disease,
http://consumer.healthday.com/
HealthDay, New
2002
HealthDay.
encyclopedia/digestive-health-14/ York, United States
digestion-health-news-200/crohn-sdisease-644392.html
Ulcerative Colitis,
http://en.wikipedia.
Wikimedia
2001
Wikipedia
org/wiki/Ulcerative_colitis
Foundation, Inc,
California, United
States
Living with UC, Do
http://www.livingwithuc.ca/
Janssen Inc., Canada 2010,
You Know Your
Treatment Options?
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What Is Ulcerative
http://www.everydayhealth.
Everyday Health
Colitis? Everyday
com/conditions/ulcerative-colitis
Media, LLC, New
Health
York, United States
What Is Ulcerative
http://www.news-medical.net/
The AZO Network,
Colitis? News
health/What-is-Ulcerative-Colitis.
New South Wales,
Medical
aspx
Australia
Crohn's Disease and http://www.betterhealth.vic.gov.
Crohn's and
Ulcerative Colitis,
au/bhcv2/bhcarticles.nsf/pages/
Colitis, The State
Better Health
Crohn%27s_disease_and_ulcerative_
Government of
Channel
colitis
Victoria, Victoria,
Australia
Ulcerative Colitis,
http://gicare.
Jackson
Jackson Siegelbaum com/diseases/ulcerative-colitis/
Gastroenterology
Gastroenterology
Ltd, Central
Pennsylvania,
Pennsylvania, United
States
Ulcerative Colitis,
http://www.crohnsandcolitis.ca/ Crohn's and Colitis,
Crohn's and Colitis site/c.dtJRL9NUJmL4H/b.9012449/
Canada
Canada
k.C223/Ulcerative_Colitis.htm
Ulcerative Colitis,
http://www.healthgrades.
HealthGrades, Inc,
Healthgrades
com/conditions/ulcerative-colitis
Colorado, United
States
Information
http://www.ulcerativecolitis.org.
Colitis UK,
for Those with
uk/
Buckinghamshire,
Ulcerative Colitis,
United Kingdom
Colitis UK
Colitis and Chronic https://www.virginiamason.org/
Virginia Mason
Ulcerative Colitis, ColitisandChronicUlcerativeColitis
Medical Center,
Virginia Mason
Washington, United
States
Ulcerative Colitis,
http://www.gastro.net.au/
GastroNet Australia
GastroNet
diseases/ulcerativecolitis.html
Pty Ltd, Canberra,
Australia
Ulcerative Colitis, http://www.ulcerativecolitis.net/
Serovera, Florida,
Ulcerative Colitis
United States
Net.
Inflammatory
http://labtestsonline.org/
American
Bowel Disease, Lab
understanding/conditions/
Association
Tests Online
inflammatory-bowel
for Clinical
Chemistry (AACC),
Washington, DC,
United States
Inflammatory
http://www.womenshealth.gov/ Womenshealth.gov,
Bowel Disease
publications/our-publications/fact- the US Department of
Fact Sheet,
sheet/inflammatory-bowel-disease. Health and Human
Womenshealth.gov
html
Services
Inflammatory
http://www.innerbody.
InnerBody,
Bowel Disease
com/diseases-conditions/ibd
California, United
(IBD), Innerbody
States
Inflammatory
http://www.rightdiagnosis.com/i/ Rightdiagnosis. com,
Bowel
inflammatory_bowel_disease/intro.
United States
Disease (IBD),
htm
Rightdiagnosis
Inflammatory
http://www.lifescript.com/
LifeScript, California,
Bowel Disease,
health/centers/digestive/
United States
Lifescript.com
related_conditions/inflammatory_b
owel_disease.aspx
Inflammatory
http://www.ddc.musc.edu/public/ Digestive Disease
Bowel Disease
symptomsDiseases/diseases/
Center, The Medical
(IBD), MUSC
smallBowel/IBD.html
University of South
Health
Carolina, South
Carolina, United
States
Inflammatory
http://nyp.org/services/digestive/
NewYorkBowel Disease
ibd.html
Presbyterian
(IBD): Ulcerative
Hospital, New York,
Colitis, Crohn's
United States
Disease, New
York-Presbyterian
Digestive Diseases.
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77
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80

81

Inflammatory
http://www.humanillnesses.com/ Human Diseases and
Bowel Disease,
original/Her-Kid/InflammatoryConditions Forum,
Human Diseases
Bowel-Disease.html
United States
and Conditions
Forum.
Facts About Crohn's
http://www.fda.gov/
US Food and Drug
Disease, US.
ForConsumers/ConsumerUpdates/ Administration, The
Food and Drug
ucm107358.htm
US Department of
Administration
Health and Human
Services, Maryland,
United States
Crohn's Disease
http://www.symptomfind.com/ Symptom.Find.Com.
Symptoms and
diseases-conditions/crohns-diseaseUnited States
warning Signs,
symptoms-warning-signs/
SymptomFind
Crohn's Diseasehttp://www.sixpartswater.org/
SixPartsWater.Org,
At a Glance,
knowledge-centre/crohns-disease/
United Kingdom
SixPartsWater.Org
glance
Ulcerative Colitis,
http://colitis.emedtv.com/
eMedTV,
eMedTV
ulcerative-colitis/ulcerative-colitis. Washington, United
html
States
Crohn's Disease, http://colorectal.surgery.ucsf.edu/
Department of
Department of
conditions--procedures/crohnsSurgery, University
Surgery, University
disease.aspx
of California,
of California.
California, United
States
Crohn's Disease, the
http://www.niddk.nih.gov/
The National
National Institute health-information/health-topics/ Institutes of Diabetes
of Diabetes and
digestive-diseases/crohns-disease/ and Digestive and
Digestive and
Pages/facts.aspx
Kidney Diseases,
Kidney Diseases
NIDDK, Maryland,
United States
Crohn's Disease,
http://www.
Patient Education
Patient Education
patienteducationcenter.
Center, Harvard
Center
org/articles/crohns-disease/
Medical School,
Harvard Medical
Publications,
Massachusetts,
United States
Crohn's Disease
http://health.alot.com/conditions/ Alot Health.Com,
Information, alot
crohns-disease-information--163
Arkansas, United
health
States
Crohn's Disease,
http://www.diagnose-me.com/
Diagnose-me.Com,
Diagnose-me.Com symptoms-of/crohns-disease.html Hawaii, United States
Crohns Disease
http://www.colon-cleanseColon-CleanseInformation: Is
information.com/crohns-diseaseInformation.Com,
Colon Cleansing
information.html
MKR Concepts,
the Answer,
Oregon, United
Colon Cleanse
States
Information
Crohn's Disease or
http://www.medindia.net/
Medindia4u.com Pvt.
Regional Enteritis,
patients/patientinfo/CrohnsLtd, Chennai, India
MD India.
Disease.htm
Crohn's Disease
http://www.articleinsider.com/
Digestive Disorders,
Information,
health-and-fitness/digestiveUnited States
Digestive Disorders
disorders/crohns-diseaseinformation
Inflammatory
http://patients.gi.org/topics/
Patient Center,
Bowel Disease,
inflammatory-bowel-disease/
American College of
Patient Center,
Gastroenterology,
American College
Maryland, United
of Gastroenterology
States
Crohn's Disease:
http://www.disabled-world.com/
Disabled World.
Symptoms,
health/digestive/crohns-disease/
Com, New York,
Diagnosis and
United States
Treatment,
Disabled World.
Com
Crohn's Disease,
http://www.nutritionist-resource.
Nutritionist
Nutritionist
org.uk/articles/crohns-disease.html Resource, Surrey,
Resource
United Kingdom
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82

83

84

Crohn's Disease:
Symptoms,
Diagnosis and
Treatment,
verywell.com
Ulcerative Colitis,
Halyard Surgical.

http://seniorhealth.about.com/cs/
digestivetract/a/crohns_2.htm

Verywell.com part
of about.com, Inc.,
United States

1999

10 Feb 14

6

0

4

0

http://www.ulcerative-colitis.org/

2003

7 Nov 14

2

0

6

1

Ulcerative Colitis
Overview, Health
Communities.com

http://www.healthcommunities.
com/colitis/ulcerative-colitisoverview.shtml

Halyard Surgical,
New South Wales,
Australia
Healthcommunities.
com, New York,
United States

1998

10 May 13

3

2

0

0

IBD: Inflammatory bowel disease; NHS: National Health Service; UNC: University of North Carolina.

Table 2 Summarizes websites included in the study on inflammatory bowel disease included in the study: The accuracy scores
(calculated using the DISCERN score and the HONcode score) and the readability scores
No.

1

2

3

4

5

6
7

8

9

10

11

12

13

14

Website title,
Organisation

URL

Inflammatory Bowel
Disease (IBD), Mayo
Clinic

http://www.mayoclinic.
org/diseases-conditions/
inflammatory-bowel-disease/
basics/definition/con-20034908
http://www.webmd.
com/ibd-crohns-disease/

Accuracy scores
The DISCERN Score
(mean ± SD)

Inflammatory Bowel
Disease Health Center,
WebMd
Inflammatory Bowel
http://www.cdc.gov/ibd/
Disease (IBD), Center
for Disease Control and
Prevention (CDC)
Inflammatory Bowel http://www.nhs.uk/conditions/
Disease, NHS Choices
inflammatory-bowel-disease/
pages/introduction.aspx
What are Crohn's and
http://www.ccfa.
Colitis? Crohn's and org/what-are-crohns-and-colitis/
Colitis Foundation
Inflammatory Bowel
http://kidshealth.org/parent/
Disease, KidsHealth
medical/digestive/ibd.html
Inflammatory Bowel
http://familydoctor.org/
Disease (IBD).
familydoctor/en/diseasesFamilyDoctor
conditions/inflammatory-boweldisease.html
Inflammatory Bowel
http://www.healthline.com/
Disease, Healthline
health/inflammatory-boweldisease#Overview1
Crohn's and Colitis,
https://www.crohnsandcolitis.
Australia
com.au/about-crohns-colitis/
inflammatory-bowel-disease/
Crohn's and Colitis UK http://www.crohnsandcolitis.
org.uk/information-and-support/
information-about-ibd/what-isIBD
Inflammatory
http://www.medicinenet.com/
Bowel Disease (IBD) inflammatory_bowel_disease_inte
(Intestinal Problems of
stinal_problems/article.htm
IBD), MedicineNet
Inflammatory Bowel
http://www.cedars-sinai.edu/
Disease Center,
Patients/Programs-and-Services/
Cedars-Sinai
Inflammatory-Bowel-DiseaseCenter/
Inflammatory Bowel
http://www.livescience.
Diseases Symptoms and com/39880-inflammatory-bowelTreatment: Livescience
disease.html
Inflammatory Bowel
http://www.pennmedicine.
Diseases Program, Penn org/gastroenterology/patientMedicine.org
care/gi-diseases/inflammatorybowel-disease-ibd/
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Readability scores

The HONcode score The Flesch-Kincaid The Coleman-Liau
(Out of 100)*
Grade Level Index Readability Index

65.0 ± 1.0

0.86*

13.1 ± 0.0

15.0 ± 0.0

41.3 ± 1.1

0.70*

10.5 ± 3.2

13.3 ± 2.5

28.7 ± 0.6

0.90

10.9 ± 2.7

13.3 ± 0.6

53.7 ± 0.6

0.63

12.2 ± 1.6

12.3 ± 1.5

50.3 ± 0.6

0.81

16.2 ± 9.3

13.7 ± 0.6

50.7 ± 0.6

0.45

12.0 ± 0.7

11.7 ± 0.6

45.0 ± 1.0

0.63*

9.6 ± 1.4

10.7 ± 0.6

41.0 ± 1.0

0.59*

8.7 ± 0.6

11.7 ± 0.6

41.7 ± 0.6

0.34

13.6 ± 3.2

13.0 ± 1.0

60.7 ± 0.6

0.45

10.4 ± 1.6

10.3 ± 3.1

57.3 ± 1.5

0.75*

13.3 ± 1.5

14.3 ± 1.5

25.7 ± 1.1

0.27

13.1 ± 2.9

14.0 ± 3.6

39.3 ± 0.6

0.27

11.1 ± 1.4

11.3 ± 1.5

38.0 ± 0.0

0.54

15.1 ± 2.6

13.0 ± 2.0
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15

16

17
18

19

20
21

22
23

24

25

26

27

28

29
30
31

32

33

34

35

Inflammatory Bowel
Diseases Support
Groups, IBDsupport.
org
Inflammatory Bowel
Disease (IBD), ABC
Health and wellbeing
Inflammatory Bowel
Disease (IBD), GIKids
Inflammatory Bowel
Disease, Vitamin D
Council
Inflammatory Bowel
Disease Symptoms
and Diagnosis, Seattle
children's
Crohn's Disease,
Patient.co.uk
Patient Information
Crohn's Disease
(Beyond and the
Basics), Uptodate
Crohn's Disease, Centre
for digestive diseases
Crohn's Disease,
Patients: British Society
for Gastroenterology
Crohn's Disease, Bupa

http://www.ibdsupport.org/

52.0 ± 1.7

0.61*

12.8 ± 3.7

13.0 ± 3.6

http://www.abc.net.au/health/
library/stories/2012/02/22/3435
688.htm
http://www.gikids.
org/content/7/en/IBD
https://www.vitamindcouncil.
org/health-conditions/
inflammatory-bowel-disease/
http://www.seattlechildrens.org/
medical-conditions/digestivegastrointestinal-conditions/ibdsymptoms/
http://www.patient.co.uk/
health/crohns-disease-leaflet
http://www.uptodate.com/
contents/crohn-disease-beyondthe-basics

34.0 ± 0.0

0.45

11.1 ± 0.3

11.3 ± 0.6

31.0 ± 0.0

0.52

12.5 ± 0.3

12.7 ± 0.6

31.3 ± 1.1

0.43

11.0 ± 10.4

10.7 ± 1.5

37.3 ± 0.6

0.43

8.9 ± 1.0

11.0 ± 1.0

55.7 ± 1.5

0.59*

8.5 ± 2.0

10.0 ± 1.7

36.7 ± 1.1

0.70

11.2 ± 1.9

12.3 ± 0.6

http://www.cdd.com.au/pages/
disease_info/crohns_disease.html
http://www.bsg.org.uk/
patients/general/crohn-s-disease.
html
http://www.bupa.co.uk/healthinformation/directory/c/crohnsdisease
Crohn's Disease,
http://umm.edu/health/
University of Maryland medical/reports/articles/crohnsMedical Center
disease
Crohn's Disease,
https://www.southerncross.
Symptoms, Diagnosis,
co.nz/AboutTheGroup/
Treatment, Southern
HealthResources/
Cross
MedicalLibrary/tabid/178/
vw/1/ItemID/523/Crohnsdisease-symptoms-diagnosistreatment.aspx
Crohn's Disease,
http://www.aafp.org/
American family
afp/2011/1215/p1379.html
physician
What is Crohn's
http://www.medicalnewstoday.
Disease? What Causes
com/articles/151620.php
Crohn's Disease? MNT
Crohn's Disease,
http://www.netdoctor.co.uk/
Netdoctor
diseases/facts/crohnsdisease.htm
Crohn's Disease, UCSF
http://www.ucsfhealth.
medical center
org/conditions/crohns_disease/
Crohn's Disease
http://health.usnews.com/
Symptoms and
health-news/health-wellness/
Treatment, US.news
articles/2013/08/03/crohnsWellness
disease-symptoms-and-treatment
What are the treatments
http://www.bidmc.org/
for Crohn's disease?
Centers-and-Departments/
Beth Israel Deaconess Departments/Digestive-DiseaseMedical Center
Center/Inflammatory-BowelDisease-Program/CrohnsDisease/What-are-the-treatmentsfor-Crohns-disease.aspx
Diagnosing Crohn's,
http://www.crohnsandme.
Crohn's and Me.
com/crohns-information/crohnsdisease-diagnosis.aspx
Understanding Crohn's http://www.crohnsandcolitisinfo.
Disease, Crohn' and
com/Crohns/What-is-CrohnsColitis.
Disease
Learning About
http://www.genome.
Crohn's Disease,
gov/25521854
National Human Genome
Research Institute

34.7 ± 0.6

0.52

12.0 ± 0.6

14.3 ± 1.1

49.7 ± 0.6

0.56

11.3 ± 1.7

10.7 ± 1.1

52.0 ± 0.0

0.77*

8.2 ± 0.5

9.0 ± 1.7

64.7 ± 1.5

0.81

15.3 ± 4.8

15.0 ± 1.0

42.7 ± 0.6

0.40

13.8 ± 0.3

13.7 ± 0.6

42.3 ± 1.1

0.18

9.0 ± 2.9

12.3 ± 4.2

45.7 ± 1.5

0.50*

11.2 ± 2.1

10.7 ± 1.5

43.0 ± 0.0

0.59

10.0 ± 1.6

12.3 ± 1.5

41.0 ± 1.0

0.40

11.4 ± 0.5

11.3 ± 0.6

48.3 ± 0.6

0.50

6.7 ± 0.8

12.3 ± 2.5

41.7 ± 1.5

0.59

14.3 ± 2.2

14.3 ± 1.1

43.3 ± 1.1

0.27

13.6 ± 1.1

12.7 ± 2.5

41.7 ± 0.6

0.45

12.4 ± 2.0

12.0 ± 2.6

29.0 ± 0.0

0.40

10.8 ± 0.5

12.3 ± 1.5
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36

37
38

39

40

41

42
43

44

45

46

47
48

49

50

51

52

53

54
55

Crohn's Disease,
UPMC Life Changing
Medicine

http://www.upmc.com/
services/digestive-disorderscenter/services/ibd/conditions/
pages/crohns-disease.aspx
Crohn's Disease,
http://www.cincinnatichildrens.
Cincinnati Children's
org/health/c/crohns/
Crohn's Disease,
http://my.clevelandclinic.org/
Cleveland clinic
health/diseases_conditions/hic_I
nflammatory_Bowel_Disease_IBD
_QandA/hic_Crohns_Disease
Treatment of Crohn's
http://www.med.unc.edu/
Disease, UNC
gi/specialties/ibd/about-ibd/
Multidisciplinary
treatment-of-ibd-1/treatment-ofCenter for IBD Research
crohns-disease
and Treatment
Crohn's Disease,
http://www.emedicinehealth.
Emedicine health
com/crohn_disease/article_em.
htm
Understanding Crohn's
http://www.nevdgp.org.au/
Disease and Ulcerative
info/gastro/crohns.htm
Colitis. Australian
Gastroenterology
Institute.
Crohn's Disease, Health http://www.drweil.com/drw/u/
Centers
ART00339/Crohns-Disease.html
Crohn's Disease- An
http://www.rch.org.au/
Overview, the Royal kidsinfo/fact_sheets/Crohns_Dise
Children's Hospital
ase_an_overview/
Melbourne
Fighting Inflammatory http://www.iscc.ie/page.php?i
Bowel Disease
d=18&title=What%20is%20IBD
Together, the Irish
Society for Colitis and
Crohn's Disease
Crohn's Disease
http://www.newhealthguide.
Diagnosis, New health
org/Crohn%27s-Diseaseguide
Diagnosis.html
Crohn's Disease,
http://consumer.healthday.
HealthDay.
com/encyclopedia/digestivehealth-14/digestion-healthnews-200/crohn-s-disease-644392.
html
Ulcerative Colitis,
http://en.wikipedia.
Wikipedia
org/wiki/Ulcerative_colitis
Living with UC, Do
http://www.livingwithuc.ca/
You Know Your
Treatment Options?
What Is Ulcerative
http://www.everydayhealth.
Colitis? Everyday
com/conditions/ulcerative-colitis
Health
What Is Ulcerative
http://www.news-medical.
Colitis? News Medical net/health/What-is-UlcerativeColitis.aspx
Crohn's Disease and http://www.betterhealth.vic.gov.
Ulcerative Colitis,
au/bhcv2/bhcarticles.nsf/pages/
Better Health Channel Crohn%27s_disease_and_ulcerativ
e_colitis
Ulcerative Colitis,
http://gicare.
Jackson Siegelbaum
com/diseases/ulcerative-colitis/
Gastroenterology
Ulcerative Colitis,
http://www.crohnsandcolitis.
Crohn's and Colitis
ca/site/c.dtJRL9NUJmL4H/
Canada
b.9012449/k.C223/
Ulcerative_Colitis.htm
Ulcerative Colitis,
http://www.healthgrades.
Healthgrades
com/conditions/ulcerative-colitis
Information for Those http://www.ulcerativecolitis.org.
with Ulcerative Colitis,
uk/
Colitis UK
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44.3 ± 0.6

0.27

20.3 ± 9.5

15.0 ± 2.0

44.7 ± 0.6

0.40

9.3 ± 1.1

10.7 ± 0.6

26.3 ± 1.1

0.50*

12.9 ± 1.2

12.3 ± 2.3

42.3 ± 0.6

0.45

12.3 ± 0.5

13.3 ± 0.6

59.3 ± 1.2

0.86*

13.0 ± 1.2

13.0 ± 1.7

42.3 ± 1.1

0.27

10.4 ± 0.7

11.3 ± 0.6

37.0 ± 0.0

0.50

11.9 ± 1.1

12.7 ± 1.5

33.7 ± 1.1

0.50

7.7 ± 2.0

11.3 ± 1.5

37.7 ± 0.6

0.40

11.6 ± 1.4

10.7 ± 0.6

18.3 ± 0.6

0.65

13.5 ± 0.7

13.7 ± 1.1

61.0 ± 1.0

0.86*

10.9 ± 1.4

12.0 ± 0.0

54.0 ± 0.0

0.63

15.2 ± 2.1

14.0 ± 2.6

44.3 ± 1.1

0.68

12.2 ± 1.6

11.3 ± 2.3

40.0 ± 0.0

0.54*

14.1 ± 0.7

13.0 ± 1.0

46.0 ± 1.0

0.59

11.9 ± 0.2

13.0 ± 1.0

34.3 ± 1.1

0.31

9.8 ± 2.4

11.3 ± 1.5

52.3 ± 0.6

0.36

10.6 ± 1.4

11.7 ± 2.1

19.7 ± 0.6

0.31

9.2 ± 1.8

10.0 ± 1.0

52.7 ± 1.1

0.68

14.5 ± 3.5

14.0 ± 1.0

49.0 ± 1.7

0.45

14.5 ± 2.0

11.7 ± 1.1
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57
58
59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Colitis and Chronic
https://www.virginiamason.
Ulcerative Colitis,
org/ColitisandChronicUlcerative
Virginia Mason
Colitis
Ulcerative Colitis,
http://www.gastro.net.au/
GastroNet
diseases/ulcerativecolitis.html
Ulcerative Colitis,
http://www.ulcerativecolitis.
Ulcerative Colitis Net.
net/
Inflammatory Bowel
http://labtestsonline.org/
Disease, Lab Tests
understanding/conditions/
Online
inflammatory-bowel
Inflammatory Bowel http://www.womenshealth.gov/
Disease Fact Sheet,
publications/our-publications/
Womenshealth.gov
fact-sheet/inflammatory-boweldisease.html
Inflammatory Bowel
http://www.innerbody.
Disease (IBD),
com/diseases-conditions/ibd
Innerbody
Inflammatory Bowel
http://www.rightdiagnosis.com/
Disease (IBD),
i/inflammatory_bowel_disease/
Rightdiagnosis
intro.htm
Inflammatory Bowel
http://www.lifescript.com/
Disease, Lifescript.com
health/centers/digestive/
related_conditions/inflammatory
_bowel_disease.aspx
Inflammatory Bowel
http://www.ddc.musc.edu/
Disease (IBD), MUSC
public/symptomsDiseases/
Health
diseases/smallBowel/IBD.html
Inflammatory Bowel
http://nyp.org/services/
Disease (IBD):
digestive/ibd.html
Ulcerative Colitis,
Crohn's Disease, New
York-Presbyterian
Digestive Diseases
Inflammatory Bowel
http://www.humanillnesses.
Disease, Human
com/original/Her-Kid/
Diseases and
Inflammatory-Bowel-Disease.html
Conditions Forum.
Facts About Crohn's
http://www.fda.
Disease, US. Food and
gov/ForConsumers/
Drug Administration
ConsumerUpdates/ucm107358.
htm
Crohn's Disease
http://www.symptomfind.com/
Symptoms and warning
diseases-conditions/crohnsSigns, SymptomFind
disease-symptoms-warningsigns/
Crohn's Disease-At a
http://www.sixpartswater.
Glance, SixPartsWater. org/knowledge-centre/crohnsOrg
disease/glance
Ulcerative Colitis,
http://colitis.emedtv.com/
eMedTV
ulcerative-colitis/ulcerativecolitis.html
Crohn's Disease,
http://colorectal.surgery.ucsf.
Department of
edu/conditions--procedures/
Surgery, University of
ulcerative-colitis.aspx
California.
Crohn's Disease, the
http://www.niddk.nih.gov/
National Institute of health-information/health-topics/
Diabetes and Digestive
digestive-diseases/crohnsand Kidney Diseases
disease/Pages/facts.aspx
Crohn's Disease, Patient
http://www.
Education Center
patienteducationcenter.
org/articles/crohns-disease/
Crohn's Disease
http://health.alot.com/
Information, alot health
conditions/crohns-diseaseinformation--163
Crohn's Disease,
http://www.diagnose-me.com/
Diagnose-me.Com
symptoms-of/crohns-disease.
html
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40.7 ± 0.6

0.31

16.7 ± 3.9

15.0 ± 2.0

26.7 ± 0.6

0.60

13.1 ± 1.1

13.3 ± 2.3

41.3 ± 0.6

0.30

11.4 ± 3.3

12.0 ± 2.0

38.3 ± 0.6

0.32*

13.0 ± 0.7

12.0 ± 1.0

55.7 ± 1.5

0.40

8.8 ± 0.7

10.0 ± 1.0

39.0 ± 1.0

0.25

17.2 ± 5.7

16.7 ± 1.5

38.0 ± 1.0

0.33

15.9 ± 4.1

15.7 ± 2.1

32.0 ± 1.0

0.50

15.1 ± 2.8

12.7 ± 1.5

22.7 ± 1.1

0.27

14.2 ± 2.2

15.7 ± 2.9

32.3 ± 0.6

0.27

13.2 ± 0.5

12.7 ± 0.6

35.3 ± 1.5

0.14

10.7 ± 0.9

13.3 ± 2.3

34.7 ± 2.1

0.36

10.6 ± 2.6

13.7 ± 2.1

26.0 ± 1.0

0.26*

10.0 ± 1.9

13.7 ± 2.3

39.7 ± 0.6

0.15

18.3 ± 3.4

12.7 ± 0.6

55.3 ± 0.6

0.32*

12.1 ± 0.8

11.0 ± 2.0

51.0 ± 1.0

0.73

12.4 ± 0.8

12.3 ± 2.5

68.3 ± 1.2

0.95

13.6 ± 3.9

13.7 ± 5.5

38.0 ± 1.0

0.30

8.9 ± 0.8

12.3 ± 1.5

32.3 ± 0.6

0.22

10.4 ± 1.5

12.0 ± 2.6

32.0 ± 1.0

0.28

12.5 ± 1.6

14.3 ± 1.1
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77

78

79

80

81

82

83
84

Crohns Disease
http://www.colon-cleanseInformation: Is
information.com/crohns-diseaseColon Cleansing the
information.html
Answer, Colon Cleanse
Information
Crohn's Disease or
http://www.medindia.net/
Regional Enteritis, MD
patients/patientinfo/CrohnsIndia.
Disease.htm
Crohn's Disease
http://www.articleinsider.com/
Information, Digestive
health-and-fitness/digestiveDisorders
disorders/crohns-diseaseinformation
Inflammatory Bowel
http://patients.gi.org/topics/
Disease, Patient Center,
inflammatory-bowel-disease/
American College of
Gastroenterology
Crohn's Disease:
http://www.disabled-world.
Symptoms, Diagnosis
com/health/digestive/crohnsand Treatment,
disease/
Disabled World.Com
Crohn's Disease,
http://www.nutritionist-resource.
Nutritionist Resource
org.uk/articles/crohns-disease.
html
Crohn's Disease:
http://seniorhealth.about.com/
Symptoms, Diagnosis cs/digestivetract/a/crohns_2.htm
and Treatment,
verywell.com
Ulcerative Colitis,
http://www.ulcerative-colitis.
Halyard Surgical.
org/
Ulcerative Colitis
http://www.healthcommunities.
Overview, Health
com/colitis/ulcerative-colitisCommunities.com
overview.shtml

35.7 ± 2.5

0.36

13.2 ± 0.5

14.7 ± 1.5

46.3 ± 1.1

0.54

11.8 ± 1.3

14.0 ± 2.6

33.3 ± 0.6

0.60

10.2 ± 0.6

12.3 ± 0.6

58.3 ± 1.2

0.80

12.7 ± 1.3

13.0 ± 1.0

26.3 ± 2.3

0.19

8.6 ± 0.6

12.00 ± 1.73

39.3 ± 0.6

0.57

10.2 ± 2.6

11.3 ± 1.1

44.3 ± 1.5

0.37

12.6 ± 0.7

11.0 ± 1.0

51.7 ± 1.5

0.25

12.1 ± 0.6

12.7 ± 2.5

52.7 ± 1.5

0.23*

12.6 ± 1.2

12.7 ± 1.1

The websites that indicated receiving HONcode certificates. IBD: Inflammatory bowel disease; NHS: National Health Service; UNC: University of North
Carolina.

also varied from a minimum of 0.14 to a maximum of
0.95 (mean ± SD, 0.16 ± 0.19; median = 0.45, IQR
= 0.29). The lowest HONcode score was scored by the
website, Crohn’s Disease, American family physician,
while the maximum score was scored by the website,
Crohn’s Disease, the National Institute of Diabetes
and Digestive and Kidney Diseases. Along with the
HONcode trust worthy scores, HONcode certificate
was indicated for websites that have received such
certificates, Table 2.
The top ten websites on IBD as per the DISCREN
scores were in the following order: The Crohn’s Disease,
the National Institute of Diabetes and Digestive and
Kidney Diseases (scored 68), Inflammatory Bowel
Disease, MayoClinic (Scored 65), Crohn’s Disease,
University of Maryland Medical Center (scored 64),
Crohn’s Disease, HealthDay (scored 61), Crohn’s
Disease and Colitis UK (scored 60), Crohn’s Disease,
eMedicine health (scored 59), Inflammatory Bowel
Disease, Patient Center, American College of
Gastroenterology (scored 58), Inflammatory Bowel
Disease, MedicineNet (scored 57), Inflammatory Bowel
Disease, Fact Sheet, Womenshealth.gov (scored 55),
Ulcerative Colitis, eMedTV (scored 55). The top ten
websites as per the HONcode tool were in the follo
wing order: Crohn’s Disease, the National Institute of
Diabetes and Digestive and Kidney Diseases (scored
0.95), Inflammatory Bowel Disease, Center for Disease

WJG|www.wjgnet.com

Control and Prevention (scored 0.90), Inflammatory
Bowel Disease, MayoClinic (scored 0.86), Crohn’s
Disease, eMedicine health (scored 0.86), Crohn’s
Disease, HealthDay (scored 0.86), What are Crohn’s
& Colitis? Crohn’s & Colitis Foundation (scored 0.81),
Crohn’s Disease, University of Maryland Medical Center
(scored 0.81), Inflammatory Bowel Disease, Patient
Center, American College of Gastroenterology (scored
0.80), Crohn’s Disease, Bupa (scored 0.77), and
Inflammatory Bowel Disease, MedicineNet (scored
0.75). It is interesting to note that the website, Crohn’s
Disease, the National Institute of Diabetes and
Digestive and Kidney Diseases was ranked number
one as per the two instruments. Seven websites in
total were among the top ten websites as per both the
DISCERN and the HONcode scores. Nine out of the ten
websites were created in United State.

Grouping the websites under five categories

Table 3 summarizes the grouping of the 84 websites
under five categories on the basis of the website
creators. Universities and research centers created 25
(%), professional foundations and associations created
15 (%), commercial and pharmaceutical companies
created 25 (%), charities and volunteers contributed
to 9 (%), non-university educational bodies such as
colleges, academies, councils, WebMed contributed to
10 (%). Further analysis revealed that there was no
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Table 3 Grouping the websites on inflammatory bowel disease included in the study under five categories
Category

Number

DISCERN score
6

mean ± SD
Universities and Research Centers1
Foundations and Associations2
Commercial and Pharmaceutical Companies3
Charities and Volunteer work4
Non-university Educational Bodies5
Total

25
15
25
9
10
84

41.3 ± 11.3
44.5 ± 10.5
40.4 ± 10.1
40.2 ± 11.9
46.7 ± 9.7
42.1 ± 10.7

HONcode score
7

95%CI for means

mean ± SD

95%CI for means

36.6-45.9
38.6-50.2
36.3-44.6
31.0-49.4
39.7-53-6
39.8-44.5

0.46 ± 0.20
0.53 ± 0.16
0.44 ± 0.18
0.39 ± 0.17
0.63 ± 0.20
0.48 ± 0.19

0.37-0.54
0.44-0.62
0.36-0.52
0.26-0.52
0.48-0.76
0.44-0.52

This category includes university-affiliated centers, state hospitals, national or state research centers; 2This category includes gastroenterological societies,
foundations, and associations- most were on inflammatory bowel disease, Crohn’s disease or ulcerative colitis; 3This category includes industrial bodies,
commercial and pharmaceutical companies aiming at serving the community and patients with inflammatory bowel disease; 4This category includes
charities and websites created by individuals, or groups; 5This category includes all other non-university educational bodies including colleges, academies,
councils, WebMed, etc.; 6The DISCERN scores were not significantly different between the groups as per ANOVA (combined, p = 0.472) or (linear term, p =
0.475); 7The HONcode scores were significantly different between the groups as per ANOVA (combined, p = 0.041). The linear term, p = 0.228.

The Cole man-Liau Read
ability Index Score

1

18
16
14
12
10
8
6
4
2
0

Significant correlation was found between the
Flesch-Kincaid Grade Level index scores and the
Coleman-Liau Index scores (R² = 0.509, P < 0.001)
(Figure 2).

y = 0.4565x + 7.1211
2
R = 0.50929
P = 0.001

The agreement between the evaluators

Table 5 summarizes the inter-rater agreement
between evaluators for the DISCERN instrument items.
The overall Cohen kappa scores were in the range of
0.804-0.876.

0                5               10              15              20              25
Flesch-Kincaid Grade Level Index Score

Figure 2 Correlation between the scores of the two readability methods:
Coleman-Liau Readability Index and Flesch-Kincaid Grade Level Index.

DISCUSSION
Several studies pointed to continuous progress from
paper to electronic and online-based patient educa[29,30]
tion
. The aims of the study were to evaluate the
quality and accuracy of information available on IBD
websites and calculate the readability level using two
methods. To maximize the yield of the search, we
searched three search engines commonly used by the
public seeking information related to healthcare. The
study showed that the 84 websites identified were created by universities, affiliated hospitals and research
centers, professional foundations and associations,
commercial and pharmaceutical companies created,
charities and volunteers, as well as non-university
educational bodies (such as colleges, academies,
councils, and WebMed). The involvement of universities, affiliated hospitals, and research centers is
directed at health information exchange as well as
public and patient education with the aim to improve
the quality of care, engage the patient in the decisionmaking processes and the journey of treatment as well
as enhance patient’s awareness about the nature of
their illness. Such educational approaches while having
multiple impacts on the patients’ healthcare; it can
[31]
also help in reducing the costs of treatment . The
current move from paper-based to online health care
education may be related to the progressive increases
[32]
in the use of the Internet by the public and patients .
[33]
Furthermore, Morgan et al
showed that patients
with genetic and chronic diseases have great interest

significant differences in the DISCERN scores between
the groups (p = 0.472) but the HONcode scores were
different (p = 0.041). Examples of content deficiencies
or scientific content inaccuracies and suggestions for
improvement are shown on Table 4.

Readability level of websites

Table 2 summarizes the readability scores calculated
by using two methods, the Flesch-Kincaid Grade Level
Index and Coleman-Liau Readability Index. The minimum score for the Flesch-Kincaid Grade Level Index
was 6.7 for the website Crohn’s Disease Symptoms
and Treatment, United States news Wellness, while
the maximum score was 20.3 for the website Crohn’s
Disease, UPMC Life Changing Medicine. Out of the 84
websites, 28 received a mean of 6.7 to 10.9, fortysix received a mean of 11.0 to 14.5, and ten websites
received a mean of 15.7 to 20.3. The overall mean
score for the 84 websites was 11.9 ± 2.4.
For the Coleman-Liau Readability Index the minimum score was 9.0 for the website Crohn’s Disease,
Bupa, while the maximum score was 16 for the
website Inflammatory Bowel Disease, Fact Sheet,
Womenshealth. Out of the 84 websites, eleven received
a mean score of 9.0 to 10.9, thirty-nine received a
score of 11.0 to 12.7, and thirty-four received a score
of 13.0 to 16.0. The overall mean score for the 84 websites was 12.6 ± 1.5.
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Inflammatory Symptoms of inflammatory bowel disease are not
Bowel Disease clearly written. One would wonder, are “bowel
(IBD), MUSC
sores” and “intestinal bleeding” symptoms?
Health
Differential diagnosis is not mentioned. The
approach for diagnosing inflammatory bowel
disease is not mentioned and the treatment of IBD
is not explained.

Crohn's Disease
Although symptoms of Crohn's disease are
Symptoms and
mentioned briefly, they are not explained.
Warning Signs, Mild, moderate and severe inflammatory bowel
SymptomsFind disease are stated but not explained. This should
be explained in a simple language.
Complications are mentioned but there was no
mention how the disease is diagnosed, and what
investigations are needed.
Nothing is mentioned about nutritional changes,
medical and surgical treatment of inflammatory
bowel disease.

68

53

64

Areas of deficiencies

Crohn's Disease
Symptoms of Crohn's disease are briefly
Diagnosis, New mentioned. Some details are needed to explain the
health guide
common presenting symptoms. No mention of
differential diagnosis.
No mention of investigations needed to confirm
the diagnosis.
Nothing is mentioned about treatment of Crohn's
disease.
Ulcerative
Symptoms are briefly stated. No mention of
Colitis, Crohn's
differential diagnosis, investigations and no
and Colitis
discussion of medical and surgical treatment.
Canada

Title

45

Website
Number

Suggestions for improvement

WJG|www.wjgnet.com
Patients are described to have mild ulcerative colitis when they have:
-Fewer than four bowel motions (stools) per day.
-No bleeding or small amounts of bleeding in their stools.
-Normal erythrocyte sedimentation rate (ESR)
-No fever, no anaemia and no increases in their heart rate,
Patients are described to have moderate ulcerative colitis when they have:
-More than four stools per day.
-Mild elevation in ESR.
Patients are described to have severe ulcerative colitis when they have:
-More than six stools a day (loose stools).
-Fever, rapid heartbeat, and anaemia.
-Elevated ESR.
The website may also mention changes that necessitate hospital admission and medical attention.
Websites may provide key questions that patients may use when they review their treating doctors. Examples of these questions:
•I wonder what's causing these symptoms?
•What type of tests do I need? Do these tests require any special preparation?
•What treatments are available, and which do you recommend?
•Are there any medications that I should avoid?
•Do I need to follow any dietary restrictions?
•Are there any risks if I become pregnant?
The MayoClinic website has listed a number of useful questions that patients can use.

Symptoms may include abdominal pain, typically in the right lower quadrant, diarrhoea, some blood may be present in stools, fatigue. In more
severe disease fever, and weight loss may be present. Some patients may have nausea, and abdominal distention together with abdominal pain.
It is worth to mention that Crohn's disease is a lifelong illness (chronic disease). People who have Crohn's will experience periods of flare-ups,
when their symptoms are active, and other times when their symptoms go into remission.
Up to 30% of patients may have changes in the area around the anus including anal fistulas (internal tracts connecting the anal lumen with the skin
around the anus), abscess, skin tags, and anal fissures.
About 10%-20% of patients also have joint pains, lower back pain, skin rash known as erythema nodosum, and eye changes. (images showing some
of these changes will enhance this part).
A section discussing investigations should be added. In addition to detailed medical history, the treating doctor will initiate the evaluation by
testing for infectious conditions that can cause inflammation of the colon, screen for endocrine-metabolic disorders such as excessive activity of the
thyroid gland. Therefore biochemical tests and stool tests are needed.
Endoscopic evaluation (colonoscopy) should be carried out in patients who have symptoms suggestive of inflammatory bowel disease and no
evidence for an infection to explain symptoms.
Small bowel images, computed tomography (CT) enterography may also be needed.
Nutritional changes, medical and surgical treatment should be briefly discussed.
As discussed earlier.

Table 4 Examples of assessment of the content of some websites on inflammatory bowel disease

Azer SA et al. Online resources on IBD
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Nutritional changes, medical and surgical
treatment are not explained.

Complications are provided but no signs are
stated. No mention of differential diagnosis, no
mention of investigations and possible findings.

Inflammatory Under symptoms of Crohn's disease, it is written,
Bowel Disease “The most common signs are pain in the stomach
Center,
area (usually on the right side) and diarrhea”, it
cedars-Sinai. is not clear what is meant by pain in the stomach
area on the right side?

1693
1.7 (1.5-2.0)
1.4 (0.9-1.8)
3.8 (3.6-4.0)
2.5 (2.2-2.9)
2.7 (2.4-3.1)
3.7 (3.5-4.0)
2.2 (1.9-2.5)
3.2 (3.0-3.4)
3.1 (2.8-3.4)
2.4 (2.2-2.7)
2.3 (2.0-2.6)
1.5 (1.3-1.7)
2.0 (1.8-2.2)
3.6 (3.4-3.9)
2.7 (2.4-2.9)
2.9 (2.7-3.2)

Evaluator 1

1.7 (1.5-2.0)
1.5 (1.0-1.9)
3.8 (3.6-4.0)
2.5 (2.2-2.8)
2.7 (2.3-3.0)
3.8 (3.6-4.0)
2.2 (1.9-2.5)
3.1 (3.0-3.3)
3.1 (2.8-3.4)
2.4 (2.2-2.7)
2.3 (2.0-2.6)
1.5 (1.3-1.7)
2.0 (1.8-2.2)
3.6 (3.4-3.9)
2.8 (2.6-3.0)
3.0 (2.7-3.2)

Evaluator 2

1.8 (1.5-2.0)
1.5 (1.0-1.9)
3.8 (3.6-4.0)
2.5 (2.2-2.8)
2.7 (2.3-3.0)
3.7 (3.5-3.9)
2.2 (1.9-2.5)
3.2 (3.0-3.3)
3.1 (2.8-3.4)
2.5 (2.2-2.8)
2.3 (2.0-2.7)
1.5 (1.3-1.8)
2.1 (1.9-2.3)
3.6 (3.4-3.8)
2.8 (2.5-3.0)
2.9 (2.6-3.2)

Evaluator3

0.885-0.953
0.790-0.904
0.792-0.887
0.879-0.880
0.793-0.875
0.796-0.890
0.792-0.827
0.764-0.832
0.859-0.874
0.782-0.841
0.772-0.902
0.870-0.923
0.859-0.906
0.773-0.849
0.767-0.854
0.900-0.959

Reviewer variability
(κ range)

in participating in clinical studies and a desire to understand information discussed during reviewing their healthcare provider. These patients may have more questions
[33]
after they leave the doctor’s clinic and usually tend to search the Internet for answers . Compared to paper-based health education, the Internet appears to provide a
[8,34]
wider range of answers and options. However, the quality of information provided and the readability level remain as areas of concern
.

1. Are the aims clear?
2. Does it achieve its aims?
3. Is it relevant?
4. Is it clear what sources of information were used to compile the publication (other than the author or producer)?
5. Is it clear when the information used or reported in the publication was produced?
6. Is it balanced and unbiased?
7. Does it provide details of additional sources of support and information?
8. Does it refer to areas of uncertainty?
9. Does it describe how each treatment works?
10. Does it describe the benefits of each treatment?
11. Does it describe the risks of each treatment?
12. Does it describe what would happen if no treatment is used?
13. Does it describe how the treatment choices affect overall quality of life?
14. Is it clear that there may be more than one possible treatment choice?
15. Does it provide support for shared decision-making?
16. Based on the answers to all of the above questions, rate the overall quality of the publication as a source of information about
treatment choices?

DISCERN items

Mean score (95%CI of the difference)

The authors should differentiate between symptoms and signs. Scientific errors are noted in the website and common presenting symptoms should
be stated. It may be useful to explain the symptoms under two main headings: symptoms in children, and symptoms in adults.
Investigations needed to diagnose the disease should be discussed. Patients are usually interested to know more detail about these investigations.
Information provided should answer questions such as
-Name of the test
-Why the test is need?
-What is the test about?
-Nature of the investigation (invasive vs non-invasive)
-Are there special preparations needed prior to the test?
-Any possible complications related to the investigation?
-What can the results of the test tell the patient and the treating doctor?
It is also important to state that IBD is an ongoing condition (chronic disease), so some of the tests may need to be repeated from time to time, or
extra tests may be needed.
These investigations may include: (1) Blood tests including full blood count, inflammatory markers tests including erythrocyte sedimentation rate
(ESR), c-reactive protein (CRP), liver function tests, urea and electrolytes, and other biochemical tests, (2) stool tests including stool microscopy,
stool culture and sensitivity, fecal markers such as fecal calprotectin, fecal lactoferrin, (3) Endoscopy including colonoscopy, sigmoidoscopy,
proctoscopy, with biopsies for histological studies (4) radiological studies such as barium studies, CT scans, MRI scans and PET scans.

Table 5 Summarizes the inter-rater agreement between evaluators calculated using Cohen kappa coefficient scores
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As per this study, the DISCERN and the HONcode
scores varied. However, no significant differences in
the DISCERN scores were found between the groups
but when the groups were compared on the basis of
the HONcode scores, the difference was significant.
A weak correlation was found between the DISCERN
2
scores and the HONcode scores (R = 0.217). The
results are consistent with the variability of the
DISCERN scores of websites in each group and the fact
that the two instruments are not measuring the same
[25]
characteristics . Interestingly, seven out of the top 10
websites on IBD scored higher on both the DISCERN
and the HONcode scales. Looking into the readability
levels of these seven websites, the readability using
the Flesch-Kincaid Grade level was in the range 11 to
15, while for the Coleman-Liau Readability Index the
range was 12 to 15. This indicates that even the top
7 websites had a readability level not adjusted to the
public level.
Out of the 84 websites, only 17 displayed the
HONcode certificate. A recent study found that only
three websites out of 78 showed HONcode certifi[35]
cates . Although the number of websites granted a
HONcode certificate is small yet there is no correlation
between the calculated HONcode scores and having
a certificate on the website. Absence of the HONcode
certificate from a website doesn’t necessarily indicate
poor quality of the website. This is because the process
of issuing the HONcode is based on a voluntary application for the certificate. Therefore, it is possible that
the owners/authority responsible for these websites
did not apply for the HONcode certificate.
The readability scores were calculated by using two
methods, the Flesch-Kincaid Grade Level Index and
Coleman-Liau Readability Index. The moderate correlation between the Flesch-Kincaid Grade Level index
scores and the Coleman-Liau Index scores is consistent
[20]
with other work
and indicates that the results from
the two calculations are consistent. The findings show
that the majority of the studies had a readability level
equivalent to year 11 and 12. However, the national
reading grade level average has been estimated to be
th
[36]
about the 6 -grade
and the general agreement is
that the reading level for patient information materials
should not exceed this level and be no less than what
th
[37]
a 4 -grade is capable of reading . With these findings
in mind, there is a need for editing the content of most
websites identified and adjusting the reading levels to
meet the recommended reading levels for the public.
This study has a number of strengths; first, we
searched three different search engines commonly
used by the public seeking health-related information
with the aim to maximize the yield of the search.
Second, we used two instruments the DISCERN and
the HONcode to measure the accuracy of contents.
Both instruments have been widely used in assessing
online health information material. Third, three evaluators independently conducted the evaluation and
the inter-rater agreement among the assessors was
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within the accepted limits. Finally, the readability was
measured by using two different methods. However,
this study is not without limitations; the study is just a
representation of websites identified at the time of the
search. Only websites in the English language were
included, and there is the possibility that there are
other websites in other languages that match with our
inclusion criteria and were not included. A multinational
study may be needed to identify any differences if any
and resolve gaps in this area. Therefore, despite all
efforts and the plans considered, we may have missed
some websites.
The results of this study may be of value to general
practitioners, physicians, gastroenterologists, nurses,
and allied health professionals, the public and medical
students interested in online education material on
IBD. The top 10 websites with the highest DISCERN
and the HONcode scores identified from this study
provide examples of educationally useful websites that
can be recommended by treating physicians to their
patients. However, their readability level was above
the recommended level for the public and they may be
suitable for educated patients only.

Future directions

This study highlights a number of future directions
in research in the area of Internet-based patient
education particularly patients with IBD. These can
be summarized as follows: First, planning for creating
online educational material for the public and patients
with IBD necessitates more care for innovation,
content accuracy and readability level to match the
recommended needs of the public. Second, more work
is needed to enhance the use of images, illustrations,
and videos in improving the educational usefulness
of websites on IBD and engage the patients and the
public using such online resources. The use of these
educational tools should aim at explaining difficult
concepts, and enhancing understanding of the message given. As shown from this study the use of these
educational tools was deficient in most websites. Third,
future research should aim at assessing the impact
of using Internet education and health literacy in
patients with IBD and whether such resources have
made impacts on number of hospital admissions, costs
associated with poor health literacy, effective health
education techniques, and how poor health literacy
influences management outcome in these patients.
In conclusion, health literacy about IBD and the use
of Internet as a medium for education appears to be
increasing. Universities, research centers, commercial
and pharmaceutical companies, professional foundations and associations were the major contributors to
online resources written for the public and patients.
Several deficiencies in the content were observed and
most websites failed to meet the recommendations
set by the National Institute of Health and American
Medical Association that patients resources should
th
be written about the 6 -grade level. Effective use of
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diagrams, illustrations, videos, and tables to explain
difficult concepts should be encouraged. Revising the
websites and resolving the gap between the readability
of written health information and the literacy skills of
the public will improve the purpose of these websites
and make them a useful healthcare resource to patients
with IBD.
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Patients with inflammatory bowel disease (IBD), as it is the case with other
chronic diseases, seek information about the nature of their disease. The
increasing use of the Internet embraces the significance of online resources
educating patients and the public.
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With the abundance of information there is concern about the quality, accuracy
and readability level of information available on the web, thus it might be useful
to assess the quality of these resources, identify specific deficiencies and
examine whether these websites meet the recommendations of national bodies.
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Innovations and breakthrough
The goal of this paper is to use comprehensive analysis to assess the quality
of websites, accuracy of content and readability levels of websites on IBD
dedicated to patients and the public.
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Applications
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The study highlights a number of future directions in the area of Internetbased patient education particularly patients with IBD and raises the need for
improving such resources particularly in relation to specific areas identified in
the study.
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Terminology

Scientific accuracy and quality of content were evaluated using two standar
dised instruments widely used in research. The readability level was calculated
on the bases of word length, sentence length and syllables.
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This paper is an interesting evaluation of quality, accuracy, and readability of
websites dedicated to the public. It is a novelty and represents a beginning
point for judging and improving websites dedicated to IBD.
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Abstract
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AIM
To summarise the literature data on hepatitis C virus
(HCV)-infected patients concerning the prevalence of
glucose abnormalities and associated risk.
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METHODS
We conducted a PubMed search and selected all studies
found with the key words “HCV” or “hepatitis C virus”
and “diabetes” or “insulin resistance”. We included
only comparative studies written in English or in
French, published from January 2000 to April 2015. We
collected the literature data on HCV-infected patients
concerning the prevalence of glucose abnormalities
[diabetes mellitus (DM) and insulin resistance (IR)]
and associated risk [i.e. , severe liver fibrosis, response
to antivirals, and the occurrence of hepatocellular
carcinoma (HCC)].
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RESULTS
HCV infection is significantly associated with DM/IR
compared with healthy volunteers and patients with
hepatitis B virus infection. Glucose abnormalities
were associated with advanced liver fibrosis, lack of
sustained virologic response to interferon alfa-based
treatment and with a higher risk of HCC development.
As new antiviral therapies may offer a cure for HCV
infection, such data should be taken into account, from
a therapeutic and preventive point of view, for liver and
non-liver consequences of HCV disease. The efficacy
of antidiabetic treatment in improving the response to
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while others evaluated the impact of DM/IR on the
main liver-related HCV infection outcomes (i.e., liver
fibrosis, cirrhosis, HCC). However, the results appear
to be conflicting, with great heterogeneity between
studies.
In the present study, based on a literature data
review, we aimed to analyse: (1) the risk of glucose
abnormalities (GA) in HCV-infected patients; and (2)
the impact of GA on the main liver-related HCV outcomes, i.e., liver fibrosis, response to interferon alfabased treatment, and HCC.

antiviral treatment and in decreasing the risk of HCC
has been reported by some studies but not by others.
Thus, the effects of glucose abnormalities correction in
reducing liver events need further studies.
CONCLUSION
Glucose abnormalities are strongly associated with HCV
infection and show a negative impact on the main liver
related outcomes.
Key words: hepatitis C virus; diabetes mellitus; insulin
resistance; liver fibrosis; treatment
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
We conducted a PubMed search and selected all
studies found with the key words “HCV” or “hepatitis C virus” and “diabetes” or “insulin resistance”. We
included only comparative studies written in English or
in French, published from January 2000 to April 2015.
We selected surveys that had evaluated the risk of
Type 2 DM or IR in HCV-infected patients compared
with healthy controls or with patients with hepatitis B
virus (HBV) infection. The definition of DM was usually based on a fasting plasma glucose > 1.26 g/L, or
a history of diabetes mellitus, or use of oral antidiabetic agents or insulin. The definition of IR was based
on the Homeostasis Model Assessment for Insulin
Resistance (HOMA-IR) according to the formula:
HOMA-IR = fasting glucose (mmol/L) × fasting insulin
(mIU/L)/22.5. We also included studies that assessed
the association between the presence of glucose
abnormalities (DM or IR) and the main HCV infection outcomes (i.e., liver fibrosis, cirrhosis, response
to antiviral treatment, HCC). Conversely, studies that
evaluated the impact of antiviral treatment on glucose
abnormalities were included. We excluded studies with
patients infected with the HBV or human immunodeficiency virus, and those for whom the entire manuscript
was not available.

Core tip: hepatitis C virus (HCV) infection is associated
with increased rates of glucose abnormalities, including
diabetes mellitus and insulin resistance. The presence
of glucose abnormalities in HCV infected patients,
including diabetes mellitus and insulin resistance, is
associated with negative liver-related outcomes (i.e. ,
severe liver fibrosis, decreased response to antivirals,
and increased occurrence of hepatocellular carcinoma).
Desbois AC, Cacoub P. Diabetes mellitus, insulin resistance
and hepatitis C virus infection: A contemporary review. World
J Gastroenterol 2017; 23(9): 1697-1711 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1697.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1697

INTRODUCTION
Hepatitis C virus (HCV) infection is a major health
problem. The World Health Organization (WHO) estimates that at least 150-170 million people, approximately 3% of the world’s population, are chronically
infected. These patients are known to be at risk of liver
related complications, i.e., cirrhosis and hepatocellular
carcinoma (HCC), with an estimated liver-related mortality of 350000 people/year. The total risks of morbidity and mortality are underestimated, because they
do not take into account extrahepatic consequences of
HCV infection. Numerous extrahepatic manifestations
have been reported, suggesting that HCV is more a
systemic disease than just a liver disorder. In large
prospective cohort studies, up to two-thirds of patients
with HCV infection experienced extra-hepatic mani[1]
festations . The majority of available data concern
HCV-related autoimmune and/or lymphoproliferative
disorders, from benign mixed cryoglobulinemia to
frank lymphomas, which is consistent with HCV
[2]
lymphotropism . More recently, other HCV-associated
disorders have been reported including cardiovascular,
renal, central nervous system and metabolic dis[3]
eases . Among the latter, some studies assessed the
risk of diabetes mellitus (DM) or insulin resistance (IR)

WJG|www.wjgnet.com

RESULTS
Is HCV infection associated with an increased
prevalence of glucose abnormalities?

We included two types of studies: (1) those that
assessed the HCV prevalence in diabetic patients
compared with non-diabetics; and (2) studies that
assessed the prevalence of DM and/or IR in HCVinfected patients compared with controls (healthy
volunteers or HBV carriers) (Table 1).
Six studies evaluated HCV prevalence rates in
diabetic patients compared with non-diabetic healthy
volunteers. The number of participants ranged from
180 to 13000. Four out of the six studies showed
a significant increased prevalence of HCV infection
markers [HCV antibodies (n = 3), HCV RNA (n = 1)]
in DM patients, with an odds ratio (OR) between 2.87
[4-7]
and 3.03 . Of note, only one study used multivariate
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Rouabhia et al[34]

Montenegro et al[9]
Ruhl et al[55]
Vs hepatitis B virus infection
Knobler et al[17]
Ryu et al[31]
Wang et al[32]
Huang et al[6]
Moucari et al[33]
White et al[12]

2014 United States
2013
Taiwan
2003 United States
2012 United States

Pothineni et al[29]
Dai et al[30]
Mehta et al[10]
Stepanova et al[11]
HCV
HCV

HCV
HCV
HCV
HCV
616
277

1434
160
12
791
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329
40
177
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230
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478
683
62
38

HV
HV

HV2
HV2
HV2
HV
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90
157
544
1363
100
-

1856
14571

14799
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1072
38715
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10144
7927
515
172
12

HV2
HV
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Israel
Case-control
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2001 South Korea
Prospective HCV, F4
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HBV
2007
Taiwan
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926
HBV
2007
Taiwan
Cross sectional HCV
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HBV
2008
France
Retrospective
HCV
500
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2008 United States Meta-analysis
HCV 34 studies HBV/
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2010
Algeria
Prospective cross HCV1
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HBV
sectional
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Retrospective
Case-control
Nationwide
survey
2013
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2014 United States Cross sectional
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ND
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Egypt
ND
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Huang et al[25]
Mostafa et al[26]
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HCV
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1514
820
1237
3000
90
206

RNA

RNA
Ab
Ab
RNA
RNA
Ab/RNA

Ab
RNA

RNA
RNA
RNA
RNA

RNA
RNA
Ab
RNA
RNA
RNA

RNA
Ab
RNA
ND
RNA
RNA
RNA
RNA

Ab
Ab
RNA
Ab
Ab
RNA

Univariate
Univariate adjusted
Univariate
Univariate
Univariate
Multivariate

DM

DM
DM
DM
DM
HOMA-IR
DM

DM
DM

DM
DM
DM
DM and IR

Multivariate

Univariate
Univariate
Multivariate
Univariate
Univariate
Meta-analysis

Univariate adjusted
Univariate adjusted

Univariate
Multivariate
Univariate
Multivariate

IR
Univariate
IR
Univariate
IR
Univariate
DM
Univariate adjusted
IR
Univariate
DM and IR
Multivariate

DM
Univariate
DM
Multivariate
DM
Multivariate
IR
Univariate adjusted
DM
Multivariate
DM/IGT1
Univariate
IR
Univariate
IR
Univariate

HCV
HCV
HCV
HCV
HCV
HCV

Yes

Yes
Yes
Yes
Yes
Yes
Yes

No
No

Yes
Yes
No
No

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
No
No

Patients Patients Controls Controls Testing for HCV Endpoint Statistical methods Association
number
number
Ab or RNA

2000
Israel
Case-control
2000 United States Cross sectional
2007
Egypt
Cross sectional
2007 United States
ND
2007
Taiwan
Cross sectional
2008
Taiwan
ND
2008 South Korea
Prospective
2009
Egypt
Cross sectional

Study design

DM
DM
DM
DM
DM
DM

Italy
Taiwan
Taiwan
Pakistan
Nigeria
Brazil

Country

Retrospective
Cross sectional
Cross sectional
ND
case-control
Case-control

2000
2006
2007
2010
2006
2008

Year

HCV infection markers in patients with
type 2 diabetes mellitus
Sangiorgio et al[4]
Chen et al[5]
Huang et al[6]
Jadoon et al[7]
Balogun et al[53]
Costa et al[54]
Glucose abnormalities in HCV infected
patients vs different control groups
Vs healthy volunteers
Knobler et al[17]
Mehta et al[8]
Marzouk et al[18]
Shaheen et al[19]
Huang et al[6]
Huang et al[21]
Park et al[20]
Mohamed et al[22]

Ref.

Table 1 Glucose abnormalities and hepatitis C virus infection

33% vs 12%; p = 0.004
24% vs 10.4%; p = 0.001
HR = 1.7
18% vs 11.4%; p < 0.001
35% vs 5%; p < 0.001
Adjusted OR for HV 1.68 and for HBV
1.80
OR = 4.73 [1.7, 13.2]; p = 0.0029

NS
NS

33% vs 5.6%; p < 0.001
OR = 3.77 [1.8, 7.87]
HR = 3.05 [1.19, 7.81]
OR = 1.68; p = 0.02
OR = 1.53 [1.18, 1.98]; p <0.001
OR = 3.51 [2.7, 4.56]; p < 0.001
22.5% vs 5.2%; p < 0.001
HOMA-IR = 3.98 (normal ALT) and 2.69
(a normal ALT) vs 1.92; p < 0.001
62% vs 16%; p = 0.0002
p < 0.001
HOMA-IR 2.2 vs 1.6; p = 0.02
OR = 1.35 [1.06, 1.73]; p = 0.02
HOMA-IR 3.0 vs 1.3; p < 0.001
OR for DM 2.3 [1.18, 4.54]
OR for IR 2.06 [1.19, 3.57]
11.2% vs 5.1%; p < 0.01
OR = 1.208 [1.009, 2.799]; p = 0.004
NS
NS

p < 0.0001
OR = 2.87 [1.51, 5.46]; p < 0.001
6.9% vs 4.5%; p < 0.001
OR = 3.03 [2.64, 3.48]; p = 0.001
NS
NS

Statistics
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2008
2008
2008

2009

Imazeki et al[57]
Tanaka et al[58]
Mavrogiannaki et al[59]

Persico et al[60]

Italy

Japan
Japan
Greece

Italy

HCV

Retrospective
HCV
Case-control
HCV1
prospective case HCV
control
Retrospective
HCV

Retrospective

726

544
30
108

170

HBV

HBV
HBV2
HBV

HBV2

126

286
30
81

170

Ab

RNA
RNA
RNA

RNA

HOMA-IR
Univariate
and DM
DM and IR
Multivariate
IR
Multivariate
glucose Univariate adjusted
intolerance
DM
Univariate adjusted
No

No
No
No

Yes

NS

42.2% vs 25.9%, p = 0.002 and 8.8% vs
3.6%, p = 0.04
NS
NS
NS
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Twenty-six studies and three meta-analyses investigated whether GA had an impact on the response to interferon alfa-based antiviral treatment (Table 3). The studies
originated from Europe (n = 11), Asia (n = 4), Egypt (n = 4), the United States (n = 5), Australia (n = 1) and Saudi Arabia (n = 1). They included a mean of 503
patients (50 to 5944). Nineteen out of twenty-eight studies showed a significant negative effect of GA in response to interferon alfa-based therapy [i.e., lower sustained
viral response (SVR) rates], including 15 multivariate analyses and 3 meta-analyses. Of note, studies that did not find an impact of GA on SVR rates had some limitations, including small size of cohorts (60-600 patients), only G1 or G4 patients (3 out of 10 studies), and only Italian patients (4 out of 10). Two of them evaluated
patients treated with peginterferon/ribavirin and telaprevir. The three meta-analyses found a significant association between IR and the absence of SVR, regardless of
the genotype (OR for G1 = 2.2, G2 = 3, G3 = 4.45 and G4 = 6.7, respectively).

Do diabetes mellitus and insulin resistance have an impact on the virological response to HCV treatment?

Thirty studies investigated whether DM/IR was associated with liver fibrosis severity in HCV patients (Table 2). Studies were performed in Asia (Taiwan n = 3, Japan n = 3,
other n = 1), Europe (n = 13), the United States and Australia (n = 5), Saudi Arabia (n = 1), Turkey (n = 1) and Egypt (n = 3). The mean size of the cohorts was 451
patients (min-max range 10 to 3068). The authors searched for an association between liver fibrosis severity and DM (n = 9), IR (n = 19) or impaired fasting plasma
glucose (n = 2). All but two studies performed multivariate analyses. Twenty-six out of thirty studies reported a significant association of glucose abnormalities with liver
fibrosis severity (OR from 1.28 to 13.72). Three of the four “negative” studies were done on small cohorts. There were some differences related to HCV genotypes, but
no systematic relationship was found.

Are diabetes mellitus or insulin resistance associated with liver fibrosis severity in HCV infected patients?

logic regression analysis, while another adjusted the risk for age, gender, body mass index (BMI) and alanine aminotransferase (ALT) levels. One study showed an
increased HCV antibody prevalence rate in DM patients with abnormal ALT levels.
Thirty-two studies evaluated DM and/or IR prevalence rates in HCV patients compared with either healthy volunteers (n = 20) or HBV patients (n = 12). The size
of cohorts ranged from 50 to 39506 subjects. All but four studies assessed DM/IR prevalence in HCV-RNA positive patients. In 10 out of 20 studies that compared
HCV patients with healthy volunteers, multivariate or univariate analyses with adjustment for age, gender, BMI, socio-economic status and ethnicity were performed.
Thirteen studies evaluated DM prevalence (n = 11) or occurrence (n = 2), while others (n = 9) assessed IR in HCV infected patients. Overall, 16 out of 20 studies found
a significant association between the presence of glucose abnormalities (DM/IR) and HCV infection, including 7 out of 10 studies with multivariate or adjusted analyses
[8]
(OR between 1.2 and 3.77). One study reported a higher risk of DM only in patients older than 40 years . Four studies reported “negative” results. Three out these
[9]
four studies showed a higher risk of DM only in specific populations (i.e., HCV patients with increased ALT levels , HCV patients older than 55 years with a BMI > 25
2[10]
[11]
kg/m , and a cohort studied between 1988 and 1994, but not in the more recent cohort) .
[12]
When compared with HBV infected patients, 7 out of 11 studies found a significant association of HCV with DM. In one meta-analysis , a positive HCV viremia was
associated with an increased risk of DM compared with controls (adjusted OR = 1.68) and with HBV patients (adjusted OR = 1.80).

HCV infection not treated; 2Matched for confounding factors (age and/or gender and/or BMI and/or ALT…). HCV: hepatitis C virus infection; Ab: antibody; HV: healthy volunteers; G1: genotype 1; SVR: sustained virological
response; HOMA-IR: Homeostasis Model Assessment of Insulin Resistance; IR: Insulin resistance; DM: Diabetes mellitus; FPG: Fasting plasma glucose; IGT: impaired glucose tolerance [after oral glucose tolerance test (OGTT)];
CLD: Chronic liver disease; NAFLD: Non-alcoholic fatty liver disease; NS: not significant; ND: not determined.

1

2011

Petta et al[56]
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Table 2 Glucose abnormalities and severe liver fibrosis in hepatitis C virus-infected patients
Ref.

Year

Country

Number of
HCV patients

Patient
profile

Glucose
abnormality

Statistical
method

Association with
1
severe fibrosis

Konrad et al[42]
Sud et al[61]

2000
2004

Germany
Australia

10
170

Non DM
-

FPG
HOMA-IR

Multivariate
Multivariate

Yes
Yes

Muzzi et al[62]
D'souza et al[63]

2005
2005

221
59

Non DM
-

HOMA-IR
HOMA-IR

Multivariate
Multivariate

Yes
Yes

Taura et al[64]

2006

Switzerland
United
Kingdom
Japan

83

-

HOMA-IR

Multivariate

Yes

All

Leandro et al[65]

2006

Italy

3068

-

DM

Multivariate

Yes

G1

Bugianesi et al[66]

2006

Italy

132

Multivariate

Yes

G3

Kita et al[67]

2007

Japan

68

Multivariate

Yes

All

Petta et al[68]

2008

Italy

201

Multivariate

Yes

G1

Moucari et al[33]

2008

France

500

-

HOMA-IR

Multivariate

Yes

All

Cua et al[69]

2008

Australia

346

IR

Multivariate

Yes

G3

Hsu et al[70]

2009

Taiwan

528

G1, G3,
untreated
G1, G2

FPG

Multivariate

Yes

G1

Moucari et al[71]

2009

France

226

G4

HOMA-IR

Multivariate

Yes

G4

Persico et al[60]
Hung et al[14]
Patel et al[72]

2009
2011
2011

Italy
Taiwan
Asia

726
1470
263

G2, G3

DM
DM
HOMA-IR

Multivariate
Univariate
Multivariate

Yes
Yes
Yes

All
All
G2 and G3

Mohamed et al[73]

2011

Egypt

50

G4

HOMA-IR

Multivariate

Yes

G4

Miyaaki et al[74]

2011

Japan

171

-

DM

Multivariate

Yes

All

Conjeevaram et al[75] 2011 United States

341

G1

HOMA-IR

Multivariate

Yes

G1

Petta et al[56]

2011

Italy

170

G1

HOMA-IR

Multivariate

Yes

G1

Khattab et al[76]

2012

Egypt

107

G4

HOMA-IR

Multivariate

Yes

G4

Ziada et al[77]

2012

Egypt

140

Non DM

HOMA-IR

Multivariate

Yes

All

Thompson et al[13]

2012 United States

1038

Non DM

HOMA-IR

Multivariate

Yes

All

Alfaleh et al[78]

2013 Saudi Arabia

157

-

DM

Multivariate

Yes

Dokmeci et al[79]

2014

Turkey

104

-

HOMA-IR

Multivariate

Yes

All
(except G4)
All

Huang et al[80]

2015

Taiwan

1077

-

DM

Multivariate

Yes

All

Fartoux et al[81]
Elgouhari et al[82]
Petta et al[83]
Rueger et al[84]

2005
France
2008 United States
2009
Italy
2014 Switzerland

141
183
156
1461

Non DM
Non DM
-

HOMA-IR
DM
HOMA-IR
DM

Univariate
Multivariate
Multivariate
Multivariate

No
No
No
No

No
No
No
No

G3 with HOMA-IR
steatosis
Post
DM
tranfusion
hepatitis
G1
DM

Genotypes

Statistics

p = 0.01
OR = 1.47 [1.14, 1.89];
p = 0.003
All (except G3) OR = 1.57 [1.04, 2.39]
All
p = 0.001
All
All

OR = 7.32 [1.59, 33.73];
p = 0.01
OR = 4.52 [1.07, 19.1];
p = 0.011
OR = 2.98 [1.13, 7.89];
p = 0.028
OR = 8.4 [2.23, 31.54];
p = 0.002
OR = 2.69 [1.46, 4.95];
p < 0.001
OR = 1.8 [1.16, 2.81];
p = 0.009
OR = 3.15 [1.56, 6.35];
p = 0.001
OR = 13.72 [2.15, 87.7];
p < 0.05
OR = 3.86 [1.859, 8.034];
p < 0.001
p < 0.05
p < 0.001
OR = 8.42 [2.1, 34.3];
p = 0.003
OR = 3.73;
p = 0.001
OR = 8.739 [2.85, 26.85];
p = 0.0002
OR = 1.28 [1.07, 1.51];
p = 0.005
OR = 2.64 [1.11, 6.28];
p = 0.02
OR = 1.87 [1.09, 8.29];
p = 0.04
OR = 1.92 [0.97, 3.4];
p = 0.049
OR = 1.6 [1.1, 2.33];
p = 0.02
OR = 0.37 [0.148, 0.927];
p = 0.034
OR = 3.36 [1.32, 31.25];
p = 0.021
OR = 1.81 [1.14, 2.65];
p = 0.002
NS
NS
NS
NS

1

Severe liver fibrosis: F3 or F4 in Metavir scoring system. HCV: hepatitis C virus infection; G1: genotype 1; SVR: sustained virological response; HOMA-IR:
Homeostasis Model Assessment of Insulin Resistance; IR: Insulin resistance; DM: Diabetes mellitus; FPG: Fasting plasma glucose; NS: not significant.

What is the impact of interferon alfa-based treatment on
glucose abnormalities?

Improvement of GA after antiviral treatment was
analysed in fifteen surveys that included 13 to 1038
HCV treated patients. Most of these studies performed
univariate analyses. A significant decreased prevalence
of GA was noted in 12 out of 15 studies. Eleven of
these 12 studies reported a significant change of IR

Twenty studies assessed the impact of interferonbased antiviral treatment on DM/IR, either as an
improvement of GA after treatment or as the occurrence of GA after antiviral treatment (Table 4).
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Table 3 Impact of glucose abnormalities on virological response after interferon alpha based treatment
Association

Statistical
method

Impact on
virological
response

Genotypes

59

HOMA-IR

Multivariate

Yes

All

80

GMI

Univariate

Yes

Spain

159

HOMA-IR

Multivariate

Yes

China

98

HOMA-IR

Multivariate

Yes

G1, G2, G3

DM

Multivariates

Yes

G1

HOMA-IR

Multivariates

Yes

DM

Multivariate

Yes

HOMA-IR

Multivariate

Yes

FPG

Multivariate

Yes

Ref.

Year

Country

D'souza et al[63]

2005

Tarantino et al[85]

2005

United
Kingdom
Italy

Romero-Gomez et al[86] 2005
Jian Wu et al[87]

2006

Backus et al[88]

2007 United States

5944

Conjeevaram et al[89]

2007 United States

401

Elgouhari et al[82]

2008 United States

183

Poustchi et al[90]

2008

Australia

Patients
number

82

Patient
profile

G2, G3 non
DM

Romero-Gomez et al[91] 2008

Spain

1059

Moucari et al[71]

2009

France

226

G4

HOMA-IR

Multivariate

Yes

Dai et al[92]

2009

Taiwan

330

G1, G2

HOMA-IR

Multivariate

Yes

Hung et al[115]

2010

Taiwan

1470

DM

Multivariate

Yes

Khattab et al[93]

2010

Egypt

131

Non DM, G4

HOMA-IR

Multivariate

Yes

Deltenre et al[94]
Eslam et al[95]

2011
2011

France

2732
2129

G1-6
G1-6

IR
IR

Meta-analysis
Meta-analysis

Yes
Yes

Del Campo et al[96]

2012

Spain

240

Non DM

HOMA-IR

Multivariate

Yes

Ziada et al[77]

2012

Egypt

140

Non DM

HOMA-IR

Multivariate

Yes

Laurito et al[97]

2013

Brazil

2238

G1-6

IR

Meta-analysis

Yes

Abd El-Wahab et al[98]

2014

Egypt

392

Non DM

HOMA-IR

Multivariate

Yes

Grasso et al[99]
Fattovich et al[100]
Khattab et al[76]
Brandman et al[101]
Aghemo et al[102]
Fattovich et al[100]
Serfaty et al[103]
Alfaleh et al[78]
Younossi et al[104]

2009
Italy
2010
Italy
2012
Egypt
2012 United States
2012
Italy
2012
Italy
2012
France
2013 Saudi Arabia
2013 United States

No
No
No
No
No
No
No
No
No

Jung et al[105]

2014 Soutk Korea

Multivariate
Multivariate
Multivariate
Univariate
Univariate
Multivariate
Multivariate
Multivariate
Univariate
adjusted
Univariate

90 Non DM, G1 HOMA-IR
412
HOMA-IR
107
G4
HOMA-IR
23
Non DM IGT, FGP, SSGP
339
HOMA-IR
124
Non DM
HOMA-IR
1611
G4
HOMA-IR
157
DM
5781
G1
HOMA-IR
60

HOMA-IR

No

Statistics

OR of SVR: 0.44 [0.22, 0.88];
p = 0.02
All
40% vs 7.5%;
p = 0.0009
All
OR of SVR 0.55 [0.33, 0.93];
p = 0.012
All
OR of SVR: 0.17;
p = 0.015
All and G1
OR = 0.76 [0.64, 0.71];
p = 0.002
G1
OR = 0.87 [0.77, 0.99];
p = 0.028
All
OR of SVR 0.22 [0.07, 0.55];
p = 0.003
G2, G3
OR of SVR 0.16 [0.03, 0.77];
p = 0.02
All
OR of SVR 0.56 [0.34, 0.93];
p < 0.02
OR of SVR: 0.19 [0.07, 0.51];
p = 0.001
G1, G2
OR of SVR 0.872 [0.79, 097];
p = 0.01
All
OR of SVR 0.69 [0.5, 0.96];
p = 0.029
G4
OR of SVR 0.07 [0.01, 0.43];
p = 0.004
All
All
OR of SVR 0.35 [0.24, 0.51];
p = 0.0004
G1, G4
OR of SVR 0.44 [0.17, 0.97];
p = 0.04
All
OR of SVR 0.41 [0.18, 0.9];
p = 0.003
All
OR of SVR 0.41 [0.3, 0.56];
p = 0.022
All
OR of virological response:
0.19 [0.1, 0.38];
p = 0.0001
G1
NS
No
NS
G4
NS
No
NS
No
NS
No
NS
G4
NS
No
NS
G1
NS
No

NS

1

Treated with peginterferon/ribavirin telaprevir. HCV: hepatitis virus infection; G1: genotype 1; SVR: sustained virological response; HOMA-IR:
Homeostasis Model Assessment of Insulin Resistance; IR: Insulin resistance; IGT: Impaired glucose tolerance; DM: Diabetes mellitus; FPG: Fasting plasma
glucose; SSGP: steady-state plasma glucose; GMI: Glucose metabolism impairment; NS: not significant; ND: not determined.

occurrence and the absence of SVR.

only in patients who achieved a SVR. One survey found
a significant change of IR after antiviral treatment only
[13]
in genotype 1 patients .
Five studies evaluated the risk of GA occurrence
according to antiviral treatment response. They
included 202 to 2842 HCV treated patients, and all
performed multivariate analyses. Four out of five
studies showed a significant association between GA

WJG|www.wjgnet.com

Do glucose abnormalities increase the risk of HCC in
HCV infected patients?

Sixteen studies assessed the association between HCC
and DM/IR in HCV infected patients (Table 5). These
studies included from 120 to 5186 HCV patients,
both treated and non-treated. Most of them (10/16)

1702

March 7, 2017|Volume 23|Issue 9|

Desbois AC et al. Diabetes, insulin resistance and HCV
Table 4 Glucose abnormalities after interferon alpha based treatment
Ref.

Year

Country

Improvement of glucose
abnormalities after HCV
treatment
Konrad et al[42]
Romero-Gomez et al[86]
Kawaguchi et al[106]
Chehadeh et al[107]
Kim et al[108]

2000 United States
2005
Spain
2007
Japan
2009
Kuwait
2009
Korea

13
50
89
181
28

Conjeevaram et al[75]
Khattab et al[76]

2011 United States
2012
Egypt

341
107

Thompson et al[13]
Serfaty et al[103]

2012 United States
2012
France

1038
161

Ziada et al[77]

2012

Chan et al[109]
Jung et al[105]
Mello et al[110]
Kawaguchi et al[111]

2013
Australia
2014 South Korea
2006
Brazil
2009
Japan

86
60
30
72

Brandman et al[101]

2012 United States

23

Egypt

Number
of HCV
patients

140

Significant Genotypes
association or
difference

Statistics

Patient
profile

Glucose metabolism
parameter

Statistical
method

G4
G1, G2

FPG and FI
HOMA-IR
HOMA-IR
FPG
HOMA-IR

Univariate
Univariate
Univariate
Univariate
Multivariate

Yes
Yes
Yes
Yes
Yes

All
All
All
G4
G1, G2

HOMA-IR
HOMA-IR

Univariate
Univariate

Yes
Yes

G1
G4

p < 0.05 and p < 0.01
In SVR; p < 0.05
In SVR; p < 0.01
In SVR; p < 0.001
In SVR, OR of decreased
IR 50 [3.74, 668.35]; p =
0.003
In SVR; p < 0.001
In SVR ; p = 0.001

HOMA-IR
HOMA-IR

Multivariate1
Univariate

Yes
Yes

All
G1

In G1 SVR; p = 0.007
In SVR ; p < 0.05

HOMA-IR

Univariate

Yes

All

p = 0.009

HOMA-IR
HOMA-IR
HOMA-IR
HOMA-IR, SI and
ISI

Univariate
Univariate
Univariate
Univariate1

Yes
Yes
No
No

All
All
All
No

SSGP

Univariate

No

No

In SVR; p = 0.04
In SVR; p = 0.036
NS
HOMA-IR: NS
In SVR, SI p = 0.002 and
ISI p = 0.009
NS

DM or IGT

Multivariate1

Yes

All

G1
G4, non
cirrhotic
G1, non
cirrhotic
Non
DM, non
cirrhotic
Non DM
G1, G3
Non
DM, non
cirrhotic
Non
cirrhotic

Occurrence of glucose
abnormalities after HCV
treatment
Simó et al[112]
2006

Spain

234

Romero-Gomez et al[91] 2008

Spain

1059

DM or IGT

Multivariate1

Yes

All

Arase et al[113]

2009

Japan

2842

DM

Multivariate1

Yes

All

Aghemo et al[102]

2012

Italy

339

Non DM

HOMA-IR

Multivariate1

Yes

All

Giordanino et al[114]

2008

Italy

202

Non DM

DM or IGT

Multivariate1

No

No

Non DM

In SVR, OR = 0.48 [0.24,
0.48]; p = 0.04
In SVR, OR = 0.44 [0.2,
0.97]; p = 0.04
In SVR, HR = 0.36 [0.24;
0.56]
In SVR, OR = 0.36 [0.18,
0.72]; p = 0.004
NS

1

association with SVR. HCV: hepatitis C virus infection; G1: genotype 1; SVR: sustained virological response; HOMA-IR: Homeostasis Model Assessment
of Insulin Resistance; IR: Insulin resistance; DM: Diabetes mellitus; FPG: Fasting plasma glucose; FI: fasting insulin; IGT: impaired glucose tolerance; ISI:
Insulin sensitivity index; SI: Serum insulin; SSGP: steady-state plasma glucose; NS: not significant.

included Asian patients, and all but one performed
multivariate analyses.
Five studies looked for the presence of DM/IR in
HCV infected patients with HCC compared with HCV
patients without HCC. Four out of five studies found
a significant association between DM/IR and HCC (as
compared with non-HCC) (OR from 2.0 to 11.6).
Nine out of eleven other studies found a significant
association between the presence of DM/IR and the
development of HCC in the follow-up of HCV infected
patients (HR from 1.10 to 6.9). One study found a
higher risk of HCC in diabetic patients only with SVR
[14]
and without cirrhosis , while 2 others reported an
increased risk of HCC only in diabetic patients with
[15,16]
advanced fibrosis
.
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DISCUSSION
Many studies have evaluated the association between
HCV chronic infection, insulin-resistance and diabetes
mellitus. The abnormalities of carbohydrate metabolism, including hyperinsulinemia and IR, known to be
per se related to chronic hepatic diseases, were the
rationale for speculation on this relationship. Insulinresistance is an often undetected condition, commonly
coexisting with obesity and metabolic syndrome, and
possibly progressing to type 2 diabetes. HCV-related
type 2 diabetes mellitus may arise from a complex
interaction between IR, steatosis and inflammatory
processes. Epidemiologic studies supporting the associ
ation between type 2 diabetes and HCV infection were
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Table 5 Glucose abnormalities and hepatocellular carcinoma in hepatitis C virus-infected patients
Ref.

Year Country

Patient
number

Patient profile

Association

Statistical
method

Association
DM and HCC

Statistics

Diabetes mellitus/insulin
resistance in HCV-related HCC
K-Kutala et al[15]

2014

France

162

DM and HCC

Multivariate

Yes3

2010

Taiwan

188

DM and HCC

Multivariate

Yes

Hung et al[115]

2010

Taiwan

188

Yes

2012

Egypt

294

Multivariate

Yes

Mohamed et al[73]

2011

Egypt

100

HOMA-IR and
HCC
HOMA-IR and
HCC
HOMA-IR and
HCC

Multivariate

Khattab et al[116]

HCC, not treated
for HCV
59 HCC; 129
non-HCC
59 HCC; 129
non-HCC
147 HCC; 147
non-HCC
50 HCC; 50 nonHCC; 20 non HCV

Univariate

No

HR = 3.13 [1.17, 8.38];
p = 0.0223
OR = 11.6 [2.500, 53.800];
p = 0.002
OR = 2.0 [1.35, 3];
p = 0.001
OR = 2.5 [1.7, 3.69];
p = 0.001
NS

Hung et al[115]

2008

Taiwan

1095

-

DM and HCC

Multivariate

Yes

OR = 3.52 [1.29, 9.24]

Veldt et al[16]

2008

Europe

541

DM and HCC

Multivariate

Yes3

Konishi et al[118]

2009

Japan

197

Multivariate

Yes

Hung et al[14]

2010

Taiwan

1470

Non DM, treated DM1 and HCC
for HCV
Treated for HCV DM and HCC

Multivariate

Yes2

Nkontchou et al[119]

2010

France

248

Multivariate

Yes

Takahashi et al[120]

2011

Japan

203

Multivariate

Yes

Arase et al[121]

2013

Japan

4302

Multivariate

Yes

Elkrief et al[45]

2014

France

348

HOMA-IR and
HCC
Non DM, treated DM1 and HCC
for HCV
Non treated for DM and HCC
HCV
Cirrhotics
DM

Multivariate

Yes

Toyoda et al[122]

2015

Japan

522

Patients with SVR DM and HCC

Multivariate

Yes

Lai et al[123]
Chen et al[124]

2006
2013

Taiwan
Taiwan

2141
5186

Multivariate
Multivariate

No
No

OR = 3.28 [1.35, 7.97];
p = 0.0093
HR = 4.63 [1.677, 12.766];
p = 0.003
HR = 4.32 [1.23, 15.25];
p = 0.0232
HR = 1.10 [1.01, 1.21];
p = 0.026
HR = 6.9 [1.7, 28.4];
p < 0.05
HR = 1.73 [1.3, 2.3];
p < 0.001
HR = 1.938 [1.129 , 3.328];
p = 0.016
HR = 2.08 [1.0170, 4.0133];
p = 0.045
NS
NS

Diabetes mellitus/insulin
resistance and development of
HCC in HCV-infected patients
Chen et al[117]

Cirrhotics

-

DM and HCC
DM and HCC

1

Association of abnormal post-challenge hyperglycaemia and HCC; 2Only in SVR patients without cirrhosis; 3Only in advanced liver fibrosis. HCV:
hepatitis virus infection; HCC: hepatocellular carcinoma; SVR: sustained virological response; HOMA-IR: Homeostasis Model Assessment of Insulin
Resistance; IR: Insulin resistance; DM: Diabetes mellitus; NS: not significant.
[6,8,12,17-34]

first published in the early 1990s. More recently, larger
epidemiologic studies gave more in-depth analyses
of the relationship between HCV chronic infection and
glucose abnormalities and were included in the present
analysis.

as healthy volunteers or HBV carriers
. The
variability of HOMA-IR cut-offs used (between 1.8 and
2.5 generally) may explain the heterogeneous results
reported in the literature. Confounding factors might
have also led to significant bias. Indeed, some studies
comparing HCV patients with healthy volunteers
did not perform multivariate analysis or adjust for
confounding factors. However, seven out of ten multivariate analyses found a significant increased risk of
DM/IR in HCV patients (OR = 1.2-3.7), after adjusting
for confounding variables such as age, gender, BMI,
ethnicity and education level.
How are we able to explain the increased risk of
DM in HCV infected patients? Some authors have suggested that diabetic patients might have been infected
by HCV due to injections or nosocomial transmission. The association of HCV infection with IR and the
widespread use of universal precautions nowadays
in hospitals to avoid virus transmission probably dis-

HCv infection is associated with increased rates of
glucose abnormalities, including diabetes mellitus and
insulin resistance

In the present analysis, most studies found a significant association between HCV infection (whether
active HCV RNA positive, or not i.e., HCV Ab positive)
and diabetes mellitus or insulin resistance. This tight
association was confirmed in both directions by the
increased rates of HCV infection markers in DM/IR
patients and the high rates of glucose abnormalities
in HCV infected patients. The consistency of this
association was supported by the confirmation of such
results compared with different control groups, such
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Presence of glucose abnormalities in HCV infected
patients, including diabetes mellitus and insulin
resistance, is associated with negative liver-related
outcomes

qualify this hypothesis. There are a variety of other
possible mechanisms of increased risk of DM/IR in HCV
patients. As shown in this study, glucose abnormalities
in HCV patients are associated with liver fibrosis severity. Severe liver fibrosis and cirrhosis are well-known
conditions that are able to induce glucose metabolism
impairment. However, studies with other liver diseases, including cirrhosis, still showed an excess of risk
[6,12,17,31-34]
in HCV patients compared with HBV patients
.
The ability of HCV, particularly genotype 3 viruses, to
induce liver steatosis on its own, which might in turn
increase the risk of DM/IR, has also been suggested in
[35,36]
previous studies
. Other underlying mechanisms
may involve HCV per se. Experimental data suggest
the role of inflammation. Increased HOMA-IR has
been correlated with soluble Tumor Necrosis Factor
[37]
Receptor1 (sTNFR1) and sTNFR2 levels . Increased
abnormal HOMA-IR was not associated with elevated
serum levels of TNFα, IL6 and adiponectin in another
[38]
study . Other studies have also suggested an impairment of glucose uptake in HCV-infected patients.
Glucose uptake and the surface expression of Glucose
Transporters (GLUT1 and 2) were suppressed in cells
[39]
infected by HCV compared with controls . Interferon
alfa restored glucose uptake, GLUT2 surface expression, mRNA expression and GLUT2 promoter activities.
HCV has also been shown to impair glucose uptake
and to promote IR by increasing suppressor of cytokine
signalling 3 (SOC3), which inhibits insulin phosphoryla[40]
tion of AKT and phosphoinositide 3-kinase (PI3K) .
HCV may be involved in the regulation of phosphorylation of insulin receptor substrate 1 (ISR-1), implicated
[41]
in the insulin pathway . In HCV core transgenic mice,
the viral protein was able to induce increasing TNFα
levels in the liver, which in turn promoted the induction of IR. The high levels of TNFα inhibited the ISR-1,
causing IR and its possible progression to diabetes. A
decreased expression of ISR-1 and ISR-2 mediated by
ubiquitination was observed and was inversely proportional to the liver fibrosis stage.
Interferon alfa use might lead to glucose metabolism impairment and is a potential bias. However,
increased DM/IR rates have been also reported in HCV
[20,22-25,34]
patients not taking interferon alfa
. Many studies found a decreased rate of glucose abnormalities in
HCV patients who showed a SVR after interferon alfabased therapy, and even in non virological responders
[42]
in one study . This strongly suggests a direct/indirect
role of HCV on glucose metabolism impairment. As
eradication of HCV seems to be effective in decreasing
the occurrence rate of DM/IR, it will very be interesting
to analyse the impact of new direct antiviral agents
(DAAs) for preventing DM/IR and eventually cardiovascular disorders. Indeed, in a recent study, IFN-free
antiviral regimen resulted in rapid changes in serum
lipid profiles and intrahepatic expression of lipid-related
[43]
genes in G1 patients .

WJG|www.wjgnet.com

Severe liver fibrosis, the absence of SVR after interferon alfa-based treatment, and the development of HCC
are the main negative outcomes of chronic HCV infection. Interestingly, the presence of DM or IR in HCV
patients showed a pejorative impact on each of these
end points. Most studies found an independent association of glucose abnormalities with advanced liver
fibrosis, absence of SVR after antiviral treatment and
HCC occurrence. Only few studies did not confirm such
associations. This might be explained by the small size
cohort of such studies, the heterogeneity of criteria for
DM or HOMA-IR and the very high prevalence of other
metabolic risk factors (such as elevated BMI) which
may underestimates the impact of DM/IR. Our data is
consistent with recent studies that demonstrated that
DM increases cumulative incidence of decompensated
[44]
cirrhosis . In another recent survey, diabetes was
independently associated with transplantation-free
survival, development of ascites, renal dysfunction,
[45]
bacterial infections, and HCC during the follow-up .
Experimental data suggest that increased insulin
levels after hyperglycaemia leads to interferon signalling impairment. Insulin may inhibit the ability of interferon alfa to block HCV replication due to the activation
of PI3K by insulin, thus leading to inhibition of STAT-1,
[40]
which is involved in the interferon alfa pathway .
The impact of glucose abnormalities on virological
response needs to be further evaluated with new DAA,
interferon-free combinations. To date, there is very
few data on the impact of GA on virological response
to new DAA. Preliminary results suggest that the
presence of diabetes does not appear to be predictive
[46,47]
of treatment failure in G1 patients
. Further studies
are needed to confirm these data and to evaluate
the impact of DM on SVR in patients without poor
prognostic factors.

Should glucose abnormalities be corrected to increase
SVR rates?

A prospective study, including 155 HCV genotype 1
patients with IR, showed no difference in SVR rates
after peginterferon alfa and ribavirin were given,
regardless of whether or not patients had received
[48]
pioglitazone, an antidiabetic drug . Of note, most
glycemic control indexes improved significantly in the
pioglitazone group except for HbA1c. Another study
found higher SVR rates in G4 patients treated with
[49]
pioglitazone . Pioglitazone may alter NK cell functions
[48]
and thus impair clearance of infected hepatocytes .
A retrospective cohort from Taiwan (19349 diabetic
patients, 1.7% HCV positive) showed that patients
taking metformin and thiazolidinediones had the
lowest risk of HCC (HR 0.49 and 0.56, respectively)
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Applications

[50]

after adjusting for age, gender and comorbidities .
Consistently, in a prospective cohort of 100 HCV
patients with ongoing cirrhosis, metformin treatment
was independently associated with a decrease of HCC
occurrence and liver-related death or transplanta[51]
tion . In a two-year prospective follow-up of 85
patients with HCV-related HCC, HCC recurrence-free
survival was increased in diabetics taking pioglitazone
vs non-treated diabetics (44.2% vs 36.5%, respec[52]
tively, p = 0.37) . A significant decrease in HCC
recurrence was observed in the pioglitazone group for
patients with a BMI > 24.
We acknowledge some limitations of this study.
Although we tried to include all published studies, we
may have missed others in non-English literature or
data only presented at meetings. Some studies were
done with a limited number of patients. For some
studies included in the present analysis, it is possible
that there are some remaining bias and residual
confounding factors. Despite multivariate analyses,
the association between glucose abnormalities
improvement and improved outcome may have been
influenced by unmeasured confounding factors. Such
final confirmation should arise from controlled clinical
trials with long-term follow-up.
In conclusion, HCV chronic infection is associated
with an increased risk of DM or IR, by a likely direct
effect on glucose metabolism. In such patients, DM
and IR are associated with a pejorative liver-related
prognosis, as shown by increased rates of severe liver
fibrosis, HCC occurrence, and decreased SVR rates
after interferon-based therapy. This tight relationship
between DM/IR and HCV infection needs to be further
analysed with new DAAs, interferon-free combinations,
with special attention to improvement in glucose
abnormalities and long-term follow-up.

These data strongly encourage clinicians to systematically screen HCV-infected
patients for the presence of glucose abnormalities. Considering the impact
of glucose abnormalities on liver-related outcomes in HCV infected patients,
antiviral treatment should also be considered in HCV-infected patients with
metabolic syndrome.

Peer-review

This review talks about the relationship between HCV infection and glucose
abnormalities. There are already lots of articles about the topic. This review
summarizes those articles published from January 2000 to April 2015 in
PubMed and gives us a conclusion about the topic.
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METHODS
®
A review of the databases MEDLINE and Embase™
was conducted, and relevant scientific articles
published between January 1960 and June 2016 were
examined. The anatomy of the sacrum and its venous
plexus, as well as the factors that influence bleeding,
the causes of this complication, and its surgical
management were defined.

AIM
To analyze the anatomy of sacral venous plexus flow,
the causes of injuries and the methods for controlling
presacral hemorrhage during surgery for rectal cancer.
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RESULTS
This is a review of 58 published articles on presacral
venous plexus injury during the mobilization of the
rectum and on techniques used to treat presacral
venous bleeding. Due to the lack of cases published in
the literature, there is no consensus on which is the best
technique to use if there is presacral bleeding during
mobilization in surgery for rectal cancer. This review
may provide a tool to help surgeons make decisions
regarding how to resolve this serious complication.
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of the rectum and on techniques used to treat pre
sacral venous bleeding. We believe that this work is
potentially relevant to helping surgeons understand the
physiopathology of this complication and making them
aware of possible surgical strategies for its treatment.

RESULTS
Anatomical considerations

The vascular anatomy of the SVP is complex and
includes a wide and intricate network of veins primarily
formed by the anastomosis between the medial and
lateral sacral veins. The medial sacral vein usually
drains into the left common iliac vein, whereas the
lateral veins drain into the internal iliac vein. The SVP
receives contributions from the lumbar veins of the
posterior abdominal wall and the basivertebral veins
that pass through the sacral foramen. Morphological
studies of human sacral bones show that 100% of the
specimens feature foramina that communicate with
the anterior sacral face and the cancellous bone of
the vertebral bodies. Between 16% and 22% of these
foramina are 2 to 5 mm in diameter, are located on
the anterior face of S4-S5, and are penetrated by the
basivertebral veins originating in the cancellous bone,
which measures between 0.7 mm and 1.5 mm in this
[4,5]
region
(Figure 1). The small basivertebral veins,
which are very thin, allow the bidirectional passage
of blood because they lack valves; these veins flow in
long, tortuous channels through the spongy tissue of
the vertebral bodies. The lateral sacral veins, the medial sacral vein, and the basivertebral veins constitute
a wide network of anastomoses that form the venous
[4,6]
plexus on the anterior sacral surface
(Figure 2). The
medial sacral vein can be located to the left or the right
[7]
of the midline and is duplicated in 80% of cases . The
vascular anastomoses between the medial sacral vein
and the lateral veins are often less than 3 cm from
the sacral promontory; specifically, this distance is 2
cm in 90% of cases, and the anastomosis is located
rd
th
at the level of the 3 and 4 sacral foramen in 70% of
[6,7]
cases . The retrosacral fascia, also called Waldeyer’s
fascia, has been described as a sheet of connective tissue that extends from the periosteum of the sacrum to
the posterior wall of the rectum approximately 3-4 cm
above the anorectal junction. Anatomical and radiological studies have revealed that although its insertion
st
into the sacrum can occur between the 1 coccygeal
vertebra and S2, it is located at the level of S3 and S4
[8-11]
in 84%-94% of cases
, just where the foramen that
give rise to the basivertebral veins are thickest.

Casal Núñez JE, Vigorita V, Ruano Poblador A, Gay Fernández
AM, Toscano Novella MA, Cáceres Alvarado N, Pérez
Dominguez L. Presacral venous bleeding during mobilization
in rectal cancer. World J Gastroenterol 2017; 23(9): 1712-1719
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i9/1712.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1712

INTRODUCTION
Presacral venous plexus injury during the mobilization of the rectum is one of the most frequent intra[1]
operative complications during rectal cancer surgery .
[2,3]
With an incidence that ranges from 0.25% to 8.6% ,
it can cause rapid hemodynamic instability in the
[4]
patient and can even be lethal . The presacral venous
plexus cannot be visualized by the surgeon, and injury
to the presacral fascia or avulsion of the rectosacral
fascia from its insertion into the sacral periosteum can
injure the presacral and basivertebral veins, causing
bleeding that is difficult to manage with conventional
hemostatic maneuvers. Accordingly, a series of techniques that offer alternatives to traditional hemostatic
methods for the treatment of presacral venous bleeding have been described. This review aimed to analyze
the anatomy of the sacral venous plexus (SVP), the
factors influencing the incidence of presacral venous
plexus injury, and the flow of bleeding in an effort to
classify the available treatment techniques and make
surgeons aware of possible strategies for the management of this complication.

MATERIALS AND METHODS
®

®

The databases MEDLINE , PubMed , and Embase™
were searched for manuscripts published between
January 1960 and June 2016 using the following
keywords: presacral bleeding, presacral hemorrhage,
pelvic surgery, rectal surgery, presacral venous plexus,
presacral anatomy, and pelvic packing. The reference lists from the articles were reviewed to identify
additional pertinent articles. This review includes 58
articles on the anatomical vascular data of the SVP,
the essential factors that influence the flow of bleeding
after venous injury, the causes and types of injury, the
incidence of presacral bleeding, and treatments applied
to control this bleeding in rectal cancer surgery. Due to
the limited number of cases reported in most publications and the variety of procedures used to control
this complication, conventional systematic review and
meta-analysis could not be performed.

WJG|www.wjgnet.com

Hydrodynamic studies

The essential factors that influence the flow of blood
from an injured vein are the size of the vein and
the intravenous pressure at the broken point of the
vein. Hydrostatic pressure in the SVP depends on the
following: the pressure of the inferior vena cava, the
distance from S4-S5 to the coronal axis of the inferior
vena cava traced from the renal veins to the iliac
bifurcation, and the elevated pressure on the inferior
vena cava due to the lithotomy position. Experimental
studies and the application of general hydrodynamic
principles suggest that the hydrostatic pressure in the
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Table 1 Classification of techniques for the control of
presacral bleeding
Pelvic plugging
Traditional with compresses
Sengstaken-Blakemore tube
Linton balloon
Compartmental hemostatic balloon
IV Saline Bag
Breast implant
Plugging with rectus abdominis
muscle
Plugging with Bonewax®
Plugging with bone cement
Bakri balloon

Figure 1 Sacrum specimen. Multiple sacral basivertebral vein foramin,
between 2-4 mm, are seen on S4-S5.

Metal implants
Simple pins
Helical titanium pins + Surgicel®
Staples + cancellous bone + Surgicel®
Ligaclips®

sacral plexus in the lithotomy position is approximately
twice the venous pressure of the inferior vena cava in
the supine decubitus position, and injury to a vein with
diameter between 0.5 mm and 4 mm can cause blood
[4,5]
flow of 32 mL/min to 1994 mL/min .

Topical hemostatic agents
Cyanoacrylate
Cyanoacrylate + Surgicel®
Ankaferd Blood Stopper®
Floseal® + Surgicel®
Direct suture

Causes types of injury

Infrarenal aorta clamp + PVS suture
Suture-circular ligature

Although the height of the tumor in the rectum, the
infiltration of the presacral fascia by the tumor, the use
of adjuvant radiotherapy, prior rectal surgery, and poor
visualization of the surgical field have been described
as risk factors that influence the incidence of presacral
bleeding during rectal resection, the most common
cause is the anatomical relationship of the anorectal
fascia. The fascia and its surrounding tissues, including
the presacral veins, can be lacerated by the surgeon
due to inadequate dissection of the posterior wall of
the rectum in the sacral concavity. This maneuver
can be caused instrumentally and, more frequently,
by blunt dissection by the fingers of the surgeon. The
average distance between the ventral surface of the
sacrum and the mesorectum is 12 mm or 13 mm as
measured by magnetic resonance (MR) and computed
[12]
tomography (CT), respectively . Laceration of the
presacral fascia due to dissection of the sacrum very
close to the surface and lifting of this fascia with or
without the periosteum are other common causes of
[3,4,13-15]
presacral bleeding
.
[4]
Wang et al describe 3 types of venous injury and
direct implications for their handling: injury to the
presacral veins (type Ⅰ), injury to the presacral veins
and/or basivertebral veins of diameter < 2 mm (type
Ⅱ), and injury to the presacral veins and/or basivertebral veins of diameter > 2 mm (type Ⅲ).

Direct/indirect electrocoagulation
Spray electrocautery
Bipolar coagulation
Argon coagulation
Electrocoagulation on a piece of
epiploic appendix/muscle fragment

and ligation of the internal iliac vein makes venous
drainage of its tributaries difficult, increases pressure
[4,16-18]
on the sacral plexus, and exacerbates bleeding
.
[19]
Similarly, Celentano et al
we propose a classification of techniques (Table 1) and an algorithm for the
management of sacral venous bleeding (Figure 3).

Pelvic plugging

Traditional plugging with compresses has been dem[20]
onstrated to be effective , and surgeons should be
familiar with this procedure because it may be the
only successful mechanism to control potentially fatal
[21]
bleeding . After abdominoperineal resection, plugging can be performed through the abdomen following
closure of the perineum or entirely via the perineum.
In this case, explantation will require one or more
additional laparotomies, and if the perineal route is
used, re-bleeding after the explantation will complicate
hemostatic maneuvers. The risk of re-bleeding, the
increase in infection, the predisposition to dehiscence
if the plug is placed adjacent to an anastomosis, and
longer hospital admission are the main disadvantages
[2,14,20,22-24]
of this procedure
.
Alternatives to classic plugging that attempt to
avoid re-intervention have been described, such as
[25]
the use of an expandable pelvic prosthesis or the
[26]
use of the Sengstaken-Blakemore probe . Holman

Surgical management

In addition to the application of temporary direct
pressure on the bleeding area as the first maneuver,
various methods have been employed to treat this
complication. Ligature of the internal iliac artery is not
[16]
effective and can cause gluteal and vesical necrosis ,
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BVV

IVVS

PVP

LSV
RSV
MSV

Figure 2 Diagram showing the sacral venous system. RSV: Right sacral vein; LSV: Left sacral vein; MSV: Middle sacral vein; PVP: Presacral venous plexus;
IVVS: Internal vertebral venous system; BVV: Basivertebral vein.

Compression and aspiration
Patient hemodynamic stability

Yes

No

Bleeding area identified

Yes

No

Indirect
electrocoagulation;
Topical hemostatic
agents; Pins

Enlarge the field:
rectal resection

Bleeding stopped

Bleeding zone identified

Yes
Yes

No
Plugging, alternatives without
reintervention?

No

Figure 3 Presacral venous hemorrhaging: treatment algorithm.
[27]

et al developed a model hemostatic balloon using
MR images of the pelvis. After testing in cadavers, the
balloons were used to treat 9 patients with presacral
venous bleeding and produced good results in 89% of
[28]
patients. Ng et al describe an alternative to classic
plugging after abdominoperineal resection using an
empty IV bag filled with 850 mL of saline inserted
through the perineum. The advantages of this technique include its adaptability to the sacral concavity
and the ease of modifying the hemostatic pressure
by infusing or withdrawing fluid through the infusion
port. Moreover, the bag can be withdrawn through the
perineal wound without requiring additional surgery.
After failed attempts at hemostasis with classic plug[29]
ging and metal implants, some authors successfully

WJG|www.wjgnet.com

used plugging, applying traction with a breast implant
that was inflated with 520 mL of saline solution placed
in the presacral space and maintaining pressure on
the SVP using the traction of the implant, which was
connected to a 1-L bag of saline suspended at the end
[30]
of the bed. Remzi et al recommend plugging with a
free graft of the rectus abdominis muscle measuring
4 cm × 2 cm × 1 cm sutured to the presacral tissue
over the area of bleeding. The absence of necrosis and
lack of abscesses with this technique are attributed to
the hypervascularization of the presacral area and the
[31]
revascularization of the graft. Civelek et al applied
®
bone wax (Bonewax ) directly to the presacral fascia
and the periosteum and simultaneously used pelvic
plugging. After the failure of classic pelvic plugging and
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[32]

metal implants, Becker et al recommend plugging
the bleeding area directly with bone cement (polymethyl methacrylate). Moreover, the Bakri balloon,
created specifically to be introduced into the uterine
[33]
cavity to control bleeding , has been successfully
used in 2 patients for the treatment of presacral bleed[34]
ing after colorectal surgery .

to the bleeding area with absorbable hemostatic gauze
for 20-30 min. This gauze was similar to collagen and
was created from cellulose that had been chemically
treated and combined with alpha-cyanoacrylate as an
[51]
adhesive. Karaman et al achieved excellent results
®
with the use of topical Ankaferd Blood Stopper (ABS).
ABS exhibits antihemorrhagic properties and is an
extract of 5 medicinal plants that exert antithrombotic,
antiplatelet, antioxidant, antiatherosclerotic, and
[14]
antitumoral activities. Germanos et al suggest that
after several techniques have been tried and failed,
presacral bleeding should be treated with direct
hemostatic agents. Specifically, they used a gel formed
®
by combining gelatin and thrombin (Floseal ) granules
®
and an absorbable hemostatic agent, Surgicel ,
prepared by the controlled oxidation of regenerated
cellulose.

Metal implants
[4]

Wang et al first used pins in 1985 to control presacral bleeding. Since then, their implementation has
been the subject of multiple communications, most
[35-40]
of which reported good results
. However, pin
[22,37]
placement can be technically difficult
, especially
[41]
in narrow pelvises , when the contour of the sacrum
is not sufficiently smooth and regular or when osteo[29,42]
porotic disease is present in the bone
. Failure of
[14,32,41,43]
the technique
, development of a presacral
hematoma, chronic pelvic pain, release, migration,
[42]
and perianal extrusion of the implant , and the need
for equipment that is not always routinely available
[14,24]
in surgery
are complications and inconveniences
associated with the implementation of this procedure.
[44]
Its ineffectiveness for diffuse bleeding has led to the
[13,45]
development of other alternatives. Some authors
use the ProTack™ device to fix hemostatic sponges
®
(Surgicel ) to the sacrum using helical titanium tacks.
[43]
Wang et al
used saw-tooth staples of different
sizes that fit into the gap between the staple and the
sacrum, along with a spongy bone graft and a plate
®
[46]
of Surgicel . Jivapaisarnpong
reported the cessa®
tion of bleeding using vascular clips (Ligaclips ) in 3
patients in whom several other techniques, such as
electrocauterization, coagulation with argon, indirect
coagulation, and pelvic plugging, had failed.

Direct suture

Topical hemostatic agents

Topical hemostatic agents have been widely used,
especially in cases of diffuse bleeding or when other
methods have failed. For example, cyanoacrylate is a
monomer that is purified by removing toxic products
during its synthesis. Its contact with anionic substances
such as blood causes it to polymerize into long chains
[47]
that form a solid layer, resulting in hemostasis .
[48]
Losanoff et al achieved hemostasis in 3 patients
by evenly applying cyanoacrylate glue to the surface
of a gelatin sponge measuring 3 cm × 2 cm; the
sponge was then compressed for several minutes to
ensure adequate contact with the presacral fascia and
[49]
polymerization of the adhesive. Chen et al used a
combination of oxidized cellulose and cyanoacrylate.
Specifically, they placed 2 to 5 pieces of 2 cm × 2
cm oxidized cellulose in a Kelly clamp and applied
pressure to the injury for a few minutes. They then
evenly applied 1 ml of cyanoacrylate to the cellulose
surface and to the tissue surrounding the pieces of
[50]
oxidized cellulose. Zhang et al reported the control
of bleeding in 5 patients by the application of pressure

WJG|www.wjgnet.com

[14]

Some authors report that clotting and direct suture
are ineffective and should be avoided because they
can exacerbate bleeding and cause significant blood
[14]
[52]
loss . Alternatively, Papalambros et al report the
potential benefits of temporarily clamping the infrarenal
aorta, which hypothetically decreases blood flow in the
vena cava and its tributaries and should reduce the
hydrostatic pressure in the sacral plexus and bleeding.
This approach would allow the identification of the
point of bleeding and its suture. This procedure could
be effective for treatment of type Ⅰ injuries described
[4]
by Wang et al , which are easiest to treat and can be
addressed with less bloody methods. However, in the
[23]
opinion of other authors , this approach would be
difficult to apply successfully to injuries of the basivertebral veins after retraction in the sacral periosteum.
Ligature and circular suturing were described by Jiang
[53]
et al in 2013 as a method to control presacral venous
bleeding. Once the bleeding points have been identified, the venous plexus is ligated and circularly sutured
with 4/0 silk. The suture includes the presacral fascia,
the presacral veins, and the deep connective tissue.
Bleeding that continues after the first suture suggests
that the blood originates from the communicating
veins or the basivertebral veins, which necessitates
a second or even a third suture. However, if bleeding
originates from veins retracted in the bone, Jiang
[53]
et al
recommend the implementation of a combination of techniques as more efficient than the use of
a single method for the control of bleeding in this
situation.

Direct or indirect electrocoagulation
[54]

Filippakis et al controlled bleeding in 4 patients using
electrocauterization in the spraying position at the
bleeding points of the presacral fascia. Furthermore,
[55]
Li et al
proposed direct bipolar coagulation as a
simple and effective method for the management of
presacral venous bleeding after demonstrating the
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cessation of this type of bleeding in 7 patients. Kandeel
[56]
[57]
et al and Saurabh et al reported 1 and 2 patients,
respectively, in whom bleeding was controlled using
argon coagulation.
Indirect monopolar electrocoagulation has been
successfully used on a portion of an epiploic appendix
by maintaining pressure on the bleeding area with a
[2,3]
dissection clip . Moreover, indirect electrocoagulation
through a fragment of the anterior rectus abdominis
[58]
muscle was described by Xu et al
and applied
with success in 11 patients. The technique involves
resecting a fragment of the anterior rectus abdominis
muscle approximately 2 cm × 2 cm, placing it in a
long dissection clip, applying pressure to the area of
bleeding, and applying a monopolar current to induce
clotting. Muscle is a soft tissue that contains approximately 75% water and is easily moldable to the bone
surface. Water is an excellent conductor of energy due
to the solutes dissolved in it. Thus, the implementation
of electrocoagulation in muscle results in surgical
smoke when the muscle is heated, and the cellular
fluid is vaporized by the thermal action of the energy
source. The temperature of the muscle gradually
increases and reaches the boiling point after 90-120
s of application of monopolar current at maximum
power. This temperature is the optimal coagulation
point and ensures that the muscle adheres to the
[23,58]
bone surface
. This method has been validated and
[22-24]
used by other authors
with satisfactory results,
in some cases after the failure of other alternatives.
Specifically, it is a rapid, easily executed, and effective
method that is usually free of intra- or post-operative
complications and that can be used at several bleeding
points. Furthermore, if the muscle does not adhere to
the bone, the technique does not fail.
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proven effective are the use of topical hemostatic
agents and the use of pins.
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CASE REPORT

Gastrointestinal stromal tumor of the stomach with axillary
lymph node metastasis: A case report
Naoki Kubo, Nobumichi Takeuchi

Abstract

Naoki Kubo, Nobumichi Takeuchi, Department of Surgery, Ina
central Hospital, Inashi, Nagano 396-8555, Japan

Gastrointestinal stromal tumors (GISTs) are the most
common type of gastrointestinal mesenchymal tumors,
although metastasis to the perigastric lymph nodes
is relatively rare, compared with liver or peritoneal
metastasis. In this report, we describe a case of
stomach GIST with a solitary simultaneous metastasis
in the left axillary lymph node. A 68-year-old man
was diagnosed with a large upper-stomach GIST,
and computed tomography and positron emission
tomography revealed masses in the left axilla and right
mediastinum. We did not detect evidence of metastases
to the liver, or other sites including the perigastric
lymph nodes, although findings from the surgically
resected axillary lymph nodes were compatible with
GIST metastasis. Treatment using imatinib markedly
reduced the gastric and mediastinal lesions, and this
response persisted for 3 years. The patient subse
quently experienced rapid growth of the gastric lesion
without mediastinal or axilla recurrence, which required
palliative surgery. Despite continuing medical treatment
(sunitinib and regorafenib), the patient died of liver
metastases 23 mo after the surgery. Based on our
findings, it appears that the axillary lymph nodes can
be a potential metastatic site for GIST metastasis.
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Core tip: Gastrointestinal stromal tumors (GISTs) are
the most common type of gastrointestinal mesenchymal
tumors, although metastasis to the perigastric lymph
nodes is relatively rare, compared to liver or peritoneal
metastasis. In this report, we describe a case of
stomach GIST with a solitary simultaneous metastasis
in the left axillary lymph node. Based on our findings,

Received: October 31, 2016
Peer-review started: November 1, 2016
First decision: December 2, 2016
Revised: January 5, 2017
Accepted: January 17, 2017
Article in press: January 18, 2017
Published online: March 7, 2017

WJG|www.wjgnet.com

1720

March 7, 2017|Volume 23|Issue 9|

Kubo N et al. GIST with axillary lymph node metastasis

it appears the axillary lymph nodes can be a potential
metastatic site of GIST metastasis.

A

Kubo N, Takeuchi N. Gastrointestinal stromal tumor of the
stomach with axillary lymph node metastasis: A case report.
World J Gastroenterol 2017; 23(9): 1720-1724 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i9/1720.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i9.1720

INTRODUCTION

B

Gastrointestinal stromal tumors (GISTs) are the most
common type of gastrointestinal mesenchymal tumor,
although GIST only accounts for approximately 1% of
[1]
gastric malignancies . GISTs frequently metastasize
to the liver or peritoneum, although lymph node
[2]
metastasis is very rare , even to the perigastric area.
Therefore, we report the first documented case of
stomach GIST with simultaneous axillary lymph node
metastasis.

CASE REPORT
Figure 1 Gastroscopy revealed a large tumor with ulceration in the upper
body of the stomach.

A 68-year-old man was admitted to our hospital after
complaining of anorexia and obvious weight loss.
Gastroscopy revealed a large tumor with ulceration in
the upper stomach body (Figure 1), and histological
evaluation confirmed a diagnosis of a GIST (positive
for c-kit and CD34). The mitotic index was 5/50 in
high-power field and the MIB-1 labeling index was
10%. Computed tomography (CT) and positron emission tomography revealed a primary gastric tumor
(diameter: 5 cm), a right mediastinal tumor (diameter:
2 cm), and a left axilla mass (diameter: 1 cm) (Figure
2). Based on these findings, we performed a complete
gross excision of the left axilla mass. The specimen
was 1.4 cm in diameter, and there was no extranodal
extension, it exhibited monotonous spindle cells (Figure
3A-D) and was diagnosed as a metastasis of the GIST,
because it exhibited positive immunohistochemical
staining for c-kit (Figure 3E) and DOG1 (Figure 3F),
the mitotic index was 15/50 in high-power field and
the MIB-1 labeling index was 10%. Based on these
findings, we started treatment using oral imatinib (400
mg/d), and in the next year, after starting imatinib, we
followed up the patient every 3 mo by using CT and
every 6 mo by using PET. The 6-mo follow-up revealed
rapid response of the primary lesion and complete
remission in the mediastinal lymph nodes. However,
after 3 years of imatinib treatment, the primary gastric
tumor exhibited rapid growth that resulted in obstructive symptoms and continuous bleeding, although we
did not detect recurrence in the mediastinal and axillary lymph nodes. We performed total gastrectomy as
palliative surgery, and all 13 resected perigastric lymph
nodes were negative for metastasis; the mitotic index
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was 20/50 in high-power field and the MIB-1 labeling
index was 30%. The patient subsequently recovered,
and we started postoperative adjuvant treatment using
imatinib. However, liver metastases appeared after 13
mo of treatment using imatinib, which we attempted
to treat using regorafenib because gene sequence
analysis of the tumor showed a KIT exon 11 mutation.
The liver metastasis increased 2 mo later, and we
started treatment with sunitinib. However, the patient
developed renal dysfunction, and died of the liver
metastasis 23 mo after the surgery with gastretomy.

DISCUSSION
GIST is the most common type of gastrointestinal
mesenchymal tumor, and commonly exhibits muta[3]
tions in the c-kit proto-oncogene . GIST frequently
metastasizes to the liver or peritoneum, although nodal
[2]
metastasis is very rare . Among 200 reported patients
with digestive tract GIST, 94 patients exhibited metastasis, which included 61 liver metastases (65%), 20
peritoneal metastases (21%), and only 6 lymph node
[4]
metastases (6%) . To the best of our knowledge,
there is only one documented case of distant lymph
node metastasis from a stomach GIST, and that case
[5]
involved inguinal lymph node metastasis . Although
a few cases of peripheral lymph nodes metastasis
[6]
from GIST have been reported , the present case is
the first documented case of a GIST presenting with
solitary axillary lymph node metastasis.
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A

B

Figure 2 Computed tomography reveals a tumor in the left axilla (A, diameter: 1 cm) and a tumor in the right mediastinum (B, diameter: 2 cm).

A

B

C

D

E

F

Figure 3 Pathological findings of the biopsied left axilla lymph node. Analysis of the tumor revealed tunicate formation and the survival of lymphoid tissue
[hematoxylin and eosin staining(A), silver impregnation (B), and Leukocyte common antigen (C) (magnification × 40)]. The tumor exhibited monotonous spindle cells (D,
hematoxylin and eosin staining), and the cells were positive for c-kit (E) and DOG1 (F, magnification × 100).

The three major routes of metastasis to the
axillary lymph nodes are clearly documented in lung
[7,8]
cancer . The first route involves newly developed
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lymphatic channels that arise from the pleural lesions
of adhesive lung tumors. The second route involves
retrograde spread in the presence of supraclavicular

1722

March 7, 2017|Volume 23|Issue 9|

Kubo N et al. GIST with axillary lymph node metastasis
lymph node metastasis. The third route involves
systemic axial lymph node metastasis. In this context,
systemic metastases could be caused by the primary
tumor invading nearby blood vessels and the subsequent dissemination of tumor cells into the venous
[9,10]
system through the thoracic duct
. In the present
case, the tumor was likely caused by systemic metastasis, as the recurrence was only detected in the right
mediastinum, without lung or supraclavicular lymph
node metastases.
Tumor size, location, mitotic rate, and C-KIT and
PDGFRA genotype are the major determinants of the
malignant potential of the tumor, and have significant
[11]
impact on prognosis . In the TNM (tumor-nodemetastasis) system for GISTs, the presences of lymph
node metastasis is classified as stage Ⅳ, which generally portends a poor prognosis, but cases with long[5,12]
term survival have also been reported
. Valadao
reported that lymph node metastasis is not related to
poor prognosis; however, the study included a small
[13]
number of patients . Furthermore, it is unclear
whether there is a difference of prognosis according to
the site of lymph node metastasis, because reports of
distant lymph node metastasis are very rare.
The appropriate therapy for GIST with distant
metastasis remains controversial. Surgery is recommended if curative resection is possible, although imatinib therapy is occasionally selected in cases that have
complications or may require expansive surgery. In the
present case, we performed complete gross excision
of the left axilla mass, and imaging revealed that only
right mediastinum metastasis remained. However,
we selected imatinib therapy, based on the tumor’s
stage and the patient’s surgical stress. Six months of
imatinib therapy markedly reduced the gastric lesion
and the mediastinal lesion completely disappeared. In
this context, resection of residual disease after imatinib
pre-treatment is feasible in patients with metastatic
GIST, even those with advanced hepatic and peritoneal
[14]
metastasis , and surgery after achieving the best
clinical response may be associated with a survival
benefit (vs historical patients who were treated using
[15]
imatinib alone) . Therefore, we assumed that the
distant metastasis had been controlled by imatinib
and that curative resection was possible. However, the
patient refused to undergo gastrectomy and elected
to continue receiving imatinib. Unfortunately, the
primary lesion exhibited rapid regrowth after 3 years
of imatinib treatment without reappearance of the
mediastinal lesion or other distinct metastases, which
led to obstructive symptoms and continuous bleeding.
At this point, we performed palliative total gastrectomy
and provided ongoing medical treatment (sunitinib
and regorafenib), although the patient ultimately
died of liver metastases at 23 mo after the surgery.
Nevertheless, the patient did not exhibit signs of
distant lymph node metastasis.
In conclusion, the axillary lymph nodes can be a
site of GIST metastasis, and imatinib chemotherapy
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may be useful for controlling distant lymph node
metastasis from GIST. Although we performed a resection for the original lesion because the distant metastasis had been controlled by imatinib, the appropriate
therapy for GIST with distant metastasis remains
controversial. Further studies are needed to clarify the
duration of chemotherapy and an appropriate surgical
intervention that will be effective for treating distant
lymph node metastasis.
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Abstract
Multiple liver tumors represent a challenging condition
for abdominal surgeons both in the selection of technique and the rarity of diagnosis. There are no case
reports on co-existence of liver metastases from both
intestinal leiomyosarcoma and adenocarcinoma. The
patient described in this report successfully underwent
resection of both primary lesions and liver metastases
in combination with chemotherapy. As for the leiomyosarcoma, the primary cecal lesion was revealed more
than three years after the patient’s first visit. Peritoneal, lymph-node, and lung recurrences were observed
afterward, and thus surgeries on those regions were
performed. Pathologically, the peritoneal and lung
recurrences comprised leiomyosarcoma and the lymphnode recurrence was diagnosed as adenocarcinoma.
Despite newly discovered multiple lung recurrences
and regional lymph-node metastases, the patient
lived a normal life for 73 mo after the initial operation
based on multidisciplinary therapy. He ultimately died
of liver failure due to invasive lymph-node recurrence
from the rectal adenocarcinoma, in addition to multiple
lung recurrences from the leiomyosarcoma. Hepatic
recurrence did not occur in this patient’s case, which
appears to be one reason for his long-term survival.
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medical examination in October 2009. His past medical history involved only hypertension starting at the
age of 57. At the examination, he underwent a
colonoscopy examination, whereupon type 2 adenocarcinoma was discovered in the rectum. In addition,
an abdominal computed tomography (CT) scan and
gadoxetic acid enhanced magnetic resonance imaging
revealed liver tumors in Segment 3, Segment 4, and
Segment 8 (Figures 1 and 2). Anterior rectal resection
with regional lymph-node dissection was carried out in
December 2009. A pathological examination revealed
extra serosal invasion by a moderately differentiated adenocarcinoma and metastases in eight of 14
resected lymph nodes.
Because genetic analysis confirmed wild-type
KRAS, the patient received chemotherapy with modified FOLFOX6 plus bevacizumab after the rectal
resection. Following four courses of FOLFOX, the S3
liver tumor disappeared and the S8 tumor decreased
in size, but the S4 tumor was found to be enlarged.
The patient then underwent seven courses of FOLFIRI
plus bevacizumab followed by one course of irrinotecan plus cetuximab; as a result, the S4 and S8 tumors
decreased in size (Figure 3). Positron emission tomography-CT after the chemotherapy series showed no
significant uptake of fluorodeoxyglucose in the liver.
The patient subsequently underwent a central bi-segmentectomy and a partial S3 resection in September
2010 (the second operation).
A pathological examination revealed fibrosis and
calcification in the S3 and S8 tumors, with a few
degenerated residual adenocarcinoma cells, which was
compatible with rectal adenocarcinoma metastasis. In
contrast, the S4 tumor consisted of irregular fascicles
of spindle-shaped cells with eosinophilic cytoplasm and
nuclear atypia. An immunohistochemical examination
demonstrated that the S4 tumor cells were positive for
α-smooth muscle actin and desmin, while negative for
CD34, S-100, c-kit, and cytokeratin AE1/3 (Figure 4).
Based on these findings, the S4 tumor was designated
as leiomyosarcoma. The tumor grade was high accord[3]
ing to the classification by Hajdu et al .
Histologically, chemotherapy had no apparent effect
on this tumor. The patient underwent six courses of
FOLFIRI plus bevacizumab as adjuvant chemotherapy
after hepatic resection. Twenty-two months later (in
July 2012), an abdominal CT scan was performed as
part of an annual medical examination. A cecal tumor
and lymph-node swelling around the common hepatic
artery were discovered. Moreover, accumulation at
both sites was discovered in a positron emission
tomography (PET)-CT scan (Figure 5). The tumor had
not been identified in a colonoscopy. Three months
later, a type 2 tumor was discovered and a biopsy
via colonoscopy revealed leiomyosarcoma. Ileocecal
resection with lymph-node dissection and lymph-node
sampling around the common hepatic artery were
carried out in November 2012 (the third operation).

Core tip: There have been no case reports on coexistence of liver metastases from intestinal leiomyosarcoma and adenocarcinoma. This patient underwent
resection of primary lesions and liver metastases in
combination with chemotherapy. As for leiomyosarcoma, liver metastasis was discovered three years
prior to discovery of the primary lesion. Peritoneal,
lymph-node, and lung recurrences were discovered
afterward, and therefore surgeries on those regions
were performed. Despite newly discovered multiple
lung recurrences and regional lymph-node metastases, the patient lived a normal life for 73 mo after the
initial operation. He ultimately died of liver failure due
to invasive lymph-node recurrence from the rectal
adenocarcinoma.
Aoki H, Arata T, Utsumi M, Mushiake Y, Kunitomo T, Yasuhara
I, Taniguchi F, Katsuda K, Tanakaya K, Takeuchi H, Yamasaki
R. Synchronous coexistence of liver metastases from cecal
leiomyosarcoma and rectal adenocarcinoma: A case report. World
J Gastroenterol 2017; 23(9): 1725-1734 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i9/1725.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i9.1725

INTRODUCTION
Since the appearance of gastrointestinal stromal tumor
as a distinctly defined entity, the diagnosis of intestinal
leiomyosarcoma has not been common. Among the
different types of this sarcoma, cecal leiomyosarcoma
[1]
is extremely rare . Hepatic leiomyosarcoma is also
[2]
rare, particularly as a primary cancer . Abdominal
surgeons often confront multiple liver tumors, making
treatment of such cases challenging. This is particularly the case if the diagnoses of hepatic tumors differ
from each other. Until now, there had been no case
reports regarding co-existence of liver metastases
from a combination of intestinal leiomyosarcoma and
adenocarcinoma. We hereby report on a patient who
underwent successful treatment involving resection
of both primary lesions and liver metastases along
with chemotherapy. Peritoneal, lymph-node, and lung
recurrences were observed afterward, and thus surgeries on those regions were also performed. Multiple
lung recurrences and regional lymph-node metastases
were newly discovered, but the patient could live a
normal life for 73 mo after the initial surgery based on
multidisciplinary therapy, which we will discuss in detail
in this report.

CASE REPORT
A 61-year-old male visited our hospital with occult
blood in stool and multiple liver tumors at an annual
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S3

S8

Plain

Enhanced

S4

Figure 1 Computed tomography before treatment. An abdominal computed tomography scan revealed liver tumors in Segment 3, Segment 4, and Segment 8.
The tumor in Segment 8 is hypodense with peripheral enhancement. The tumor in Segment 4 is a well-defined isodense tumor with homogeneous enhancement.

A pathological examination revealed cecal leiomyosarcoma with regional lymph-node metastases
and metastasis from rectal adenocarcinoma in the
lymph node around the common hepatic artery.
Retrospectively, accumulation had been observed
in the cecum in a PET-CT scan in September 2010,
and a submucosal tumor had been suspected in a
colonoscopy in July 2011. It is likely that rectal adenocarcinoma and cecal leiomyosarcoma existed
synchronously from the beginning, and that both
tumors had metastasized to the liver synchronously.
The patient was then treated with nine courses of
XELOX plus bevacizumab.
In a follow-up CT scan in June 2013, a tumor just
below the peritoneum was discovered. Because this
accumulation was identified in a PET-CT scan and
no other accumulation was observed, extirpation of
the tumor was carried out (the fourth operation).
Pathological diagnosis was leiomyosarcoma of the
omentum, compatible with recurrence (Figure 6). The
patient was treated with XELOX plus bevacizumab
following the surgery. Three months later, in a chest
CT scan, two coin lesions were discovered in the left
lung. There was no indication of accumulation at
both lesions in a PET-CT scan, but lung metastases
were strongly suspected. In October 2013 (46 mo
after the first operation), partial resections of the left
upper lobe and left lower lobe were performed (the
fifth operation). Pathological diagnosis was metastatic
leiomyosarcoma of the lung (Figure 7).

WJG|www.wjgnet.com

The patient was subsequently treated with XELOX
plus bevacizumab again following surgery (the fifth
and final operation). The hepatic hilum lymph node
was found to be enlarged in July 2014, and multiple
lung metastases were newly discovered in November
2014. Chemotherapy was changed to treatment consisting of CPT-11 plus cetuximab, due to neuropathy
experienced by the patient. This clinical time course is
demonstrated in Figure 8.
Although lymph-node and multiple lung metastases were present, the patient survived for more
than six years after the initial operation. Since the left
hepatic duct was constricted by lymph-node metastasis, a plastic stent was inserted in October 2015.
The patient received chemotherapy with doxorubicin
afterward as an outpatient but was hospitalized
with cholangitis due to lymph-node metastatic
recurrence in January 2016. The patient died from
liver failure due to lymph-node invasion from rectal
adenocarcinoma in March 2016 (76 mo after the
initial operation). The extended treatment proved
worthwhile, given that the patient could live a normal
life for 73 mo after the initial operation with help from
the multidisciplinary therapy we employed.

DISCUSSION
Hepatic resection for liver metastases from colorectal
cancer or neuroendocrine tumor, in combination with
chemotherapy, has been established as a safe and
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A

B

Pre-enhancement

30 s

120 s

Hepatocellular phase

Figure 2 Ethoxibenzyl-magnetic resonance imaging before treatment. The tumors in Segments 3 and 8 showed gradual peripheral enhancement, while the tumor
in Segment 4 showed heterogeneous enhancement and washout characteristics. A: S3 and S8 gradual peripheral enhancement; B: S4 heterogeneous enhancement.
[4]

standard treatment. The issue in question, however,
is how to determine effective treatment for noncolorectal non-neuroendocrine liver metastases
(NCNNLM). Hepatic metastasectomy had been thought
ineffective for such cases. According to Gladdy’s report
of 353 patients with primary resectable leiomyosar-

WJG|www.wjgnet.com

coma , recurrence occurred in 51% of abdominal and
retroperitoneal leiomyosarcoma cases, including 29%
of lung, 23% of liver, and 15% of other cases (brain
and lymph nodes). Predictive factors for disease-free
survival in patients with leiomyosarcoma were size and
[5]
tumor grade. In addition, DeMatteo et al reported
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A

B

Before treatment

After four courses of mFOLFOX plus bevacizumab

After seven courses of  FOLFIRI plus bevacizumab

After one course of irrinotecan plus cetuximab

Figure 3 Changes in computed tomography images during treatment. The tumors in Segments 3 and 8 showed a gradual decrease in size, while the tumor in
Segment 4 exhibited a one-time increase and then a decrease in size. A: S8 gradually decreased in size/S3 disappeared; B: S4 once increased then decreased in
size.

that the rate of recurrence reached as high as 84%
even after complete hepatic resection for sarcoma
metastasis, although this definition of sarcoma includes
gastrointestinal stromal tumors.
[6]
Ng et al reviewed 191 cases of gastrointestinal

WJG|www.wjgnet.com

leiomyosarcomas, of which colorectal leiomyosarcoma
numbered 22 cases (12%). Without hepatectomy, the
median survival time for patients with liver metastases
from leiomyosarcoma was no more than 14 mo. Before
st
the 21 century, metastases from leiomyosarcomas
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Metastatic adenocarcinoma in S3 and S8

S3

S8

S8

Fibrosis and calcification with a few
degenerated residual adenocarcinoma
Chemotherapy effect: grade 2
Leiomyosarcoma in S4

S4

Spindle-shaped cell with eosinophilic
cytoplasm and atypia

S4

S4

CD34(-)

α-SMA positive

c-kit(-)

Figure 4 Pathological diagnoses of live lesions. The tumors in Segments 3 and 8 revealed fibrosis and calcification, with a few degenerated residual
adenocarcinomas, while the tumor in Segment 4 consisted of irregular fascicles of spindle-shaped cells and was positive for SMA and negative for CD34 and c-kit.
SMA: Smooth muscle actin.
[7]

were thought to not be sensitive to chemotherapy .
[8]
Lang et al reported on 26 cases of hepatic metastases from leiomyosarcomas. Only one of these 26
cases (3.8%) originated from the colon. The median
survival and five-year survival rate after R0 resection
were 32 months and 20%, respectively. The presence
of extrahepatic tumor growth should be regarded
as a contraindication for liver resection only if an R0
resection does not appear possible. Marudanayagam
[9]
et al also emphasized the importance of R0 resection
for hepatic metastasectomy of soft tissue sarcomas.
Among soft tissue sarcomas, leiomyosarcoma was
associated with poor prognosis.
[10]
Groeschl et al
reported on 420 patients who
underwent hepatectomy for NCNNLM. The five-year
survival rate in recent years was 32% after hepatectomy for liver metastases from sarcomas. Although
the rate of recurrence after hepatectomy is as high
as 66.5%, NCNNLM can be resected with reasonable
survival outcomes when that surgery is appropriately
selected as a treatment option. Prognostic factors for
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NCNNLM are tumor size (greater than 5 cm), lymphovascular invasion, and time-interval to liver metastasis
of less than two years. Hepatic recurrence did not
occur in the case we present here, which was one of
the reasons for the patient’s long-term survival.
We reported this patient’s case as a primary
hepatic leiomyosarcoma with liver metastasis of rectal
[2]
cancer , before our finding of cecal leiomyosarcoma.
The cecal leiomyosarcoma was discovered almost
three years after the patient’s first visit. From a
pathological perspective, it was difficult to distinguish
[11]
the site of primary lesion. Mourra et al
published a
multi-institutional study on metastatic tumors in the
colon and rectum. In that paper, only 35 of 10365
patients with colorectal malignancies (0.338%) were
identified as having true metastases to the colon and
rectum. Of those 35 metastatic colorectal tumors,
leiomyosarcoma was identified in only two cases,
with both tumors originating from soft tissue. This
indicates only a small probability of the primary
hepatic leiomyosarcoma metastasizing to the cecum.
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2010.9

2011.7

2012.7

2012.10

Leiomyosarcoma of cecum with lymph-node metastasis

α-SMA(+)
CD34(-)

Lymph-node recurrence of rectal adenocarcinoma
(surrounding common hepatic artery)

2012.7

c-kit(-)
S-100(-)

Figure 5 Cecal leiomyosarcoma and lymph-node recurrence. A cecal tumor and lymph-node swelling around the common hepatic artery were discovered in a
positron emission tomography-computed tomography (PET-CT) scan. Retrospectively, accumulation had been observed in the cecum in a PET-CT scan in September
2010, and a submucosal tumor was suspected based on a colonoscopy taken in July 2011. SMA: Smooth muscle actin.

In contrast, hepatic metastasis is reported to occur in
20%-66.5% of patients with visceral or retroperitoneal
[9,10]
sarcomas
. Moreover, all 35 patients had a history
of metastatic disease in extragastrointestinal sites,
with a mean disease-free interval of 10.6 years for sarcomas. We feel that these clinical characteristics were
not compatible with our case, and for that reason we
concluded that the cecum was the primary lesion site
in the patient case we present here. We were aware
that primary hepatic leiomyosarcoma is rare, and this
patient’s case has taught that its diagnosis should
be made carefully only after long-term observation.
However, rare are cases in which cecal leiomyosarcoma
and rectal adenocarcinoma coexisted and metasta[12]
sized to the liver. Hamai et al
reported a case of
gastric adenocarcinoma with multiple liver tumors.
After 14 mo of chemotherapy, the patient underwent
total gastrectomy with partial liver resection, upon
which the liver tumors were diagnosed pathologically
as leiomyosarcomas. During adjuvant chemotherapy
two years and five months after the first visit, a new

WJG|www.wjgnet.com

hepatic tumor appeared and a tumor in the colon was
discovered. The patient underwent partial colectomy
and partial liver resection. The colon tumor and liver
tumors were all immunohistochemically diagnosed as
leiomyosarcomas. Seven months later, a third liver
resection was carried out for the newly discovered liver
tumors. Multiple liver and lung metastases eventually
developed, and the patient died four years and 10 mo
after the first visit. When a liver tumor is diagnosed as
leiomyosarcoma, therefore, careful follow-up is needed
to identify the primary site.
Leiomyosarcoma was for some time considered
to be a relatively chemo-resistant sarcoma subtype.
Recent data have demonstrated a reasonable
response rate exhibited by some histological subtypes
exposed to specific histology-tailored treatments with
[13]
doxorubicin-containing chemotherapy . Since without
chemotherapy median survival is generally up to 12
[14]
mo , chemotherapy appears to be necessary for leiomyosarcoma treatment. However, the type of adjuvant
therapy appropriate for leiomyosarcoma is an issue
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2013.6

HE

SMA

Figure 6 Peritoneal recurrences. A tumor just below the peritoneum was discovered. As the accumulation was recognized in a positron emission tomographycomputed tomography scan and no other accumulation was observed, extirpation of the tumor was carried out. Pathological diagnosis was leiomyosarcoma of the
omentum, compatible with recurrence. SMA: Smooth muscle actin.

requiring debate. Pazopanib was recently reported to
be a feasible option for patients who had been heavily
[15]
pretreated for metastatic sarcoma . In that report,
patients with leiomyosarcomas comprised the majority
of long-term responders and survivors.
Both leiomyosarcoma and adenocarcinoma recurred
after resection of primary lesions and hepatic metastases, making determination of a chemotherapy regimen
for the patient in this report difficult. As we are familiar with adenocarcinomas and the distant lymphnode recurrence was adenocarcinoma pathologically,
we chose a regimen mainly designed for colorectal adenocarcinoma. After peritoneal and lung tumors
were diagnosed as leiomyosarcoma recurrence, we
selected the treatment doxorubicin. At the patient’s
final hospitalization, lymph-node metastases to the
hepatic hilum caused liver failure, which proved to be

WJG|www.wjgnet.com

fatal, and chest X-rays showed numerous nodules in
the lung field, which had caused a persistent cough in
the patient. The former problem derived from adenocarcinoma and the latter from leiomyosarcoma. By that
time, chemotherapy was no longer a treatment option.
The patient survived more than six years after
initial diagnosis, even though he had both stage Ⅳ
rectal cancer and cecal leiomyosarcoma with liver
[4]
metastasis. As for long-term survival, Gladdy et al
reported on late disease-specific mortality in primary
leiomyosarcoma. In that report, 6% of extremity and
9% of abdominal or retroperitoneal patients developed
distant recurrence more than five years after the
primary tumor diagnosis. The authors emphasized the
need for long-term follow up.
The prognosis for patients with leiomyosarcoma
might be prolonged in the future as chemotherapy
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Pathological diagnosis: Metastatic leiomyosarcoma of lung

HE

SMA

Figure 7 Lung recurrences. In a chest CT scan, two coin lesions were discovered in the left lung. As lung metastases were strongly suspected, partial resections of
the left upper lobe and left lower lobe were performed. Pathological diagnosis was metastatic leiomyosarcoma of the lung.

2009.12
Anterior resection

2010.9
Hepatic central
bilobectomy
Partial resection of S3

2013.10
Lt lung partial
resection
2012.11
Ileocecal
resection

2016.1
Admission due to
cholangitis

2013.7
Tumor extirpation

9 mo                                   26 mo                             8 mo                    3 mo                              29 mo
4 courses of modified FOLFOX
plus bevacizumab

6 courses of FOLFIRI
plus bevacizumab

9 courses of XELOX plus
bevacizumab

7 courses of FOLFIRI plus
bevacizumab

XELOX plus bevacizumab
Doxorubicin

1 course of irrinotecan plus
cetuximab

2016.3
Liver failure

Figure 8 Clinical courses.

continues to advance. Long-term follow-up is important and should be considered.
This patient case was extremely rare for the points
mentioned below: (1) cecal leiomyosarcoma and rectal
adenocarcinoma coexisted; (2) both metastasized to
the liver and were resected successfully; (3) primary
colon leiomyosarcoma was diagnosed two years after
resection of the hepatic metastatic lesion; and (4)
long-term survival was attained based on multidisciplinary therapy.
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COMMENTS
COMMENTS
Case characteristics

A 61-year-old male patient with occult blood in stool and multiple liver tumors
discovered at an annual medical examination.

Clinical diagnosis

Rectal adenocarcinoma with multiple liver metastases.

Differential diagnosis

The authors did not at first recognize a differential diagnosis.
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Laboratory diagnosis

5

All lab measurements were within normal ranges except for slightly elevated
serum carcino-embryonic antigen.

Imaging diagnosis

6

An abdominal computed tomography scan and gadoxetic acid enhanced
magnetic resonance imaging revealed liver tumors in Segment 3, Segment 4,
and Segment 8.

7

Pathological diagnosis

The patient had synchronous liver metastases from both cecal leiomyosarcoma
and rectal adenocarcinoma.

Treatment

The patient successfully underwent resection of both primary lesions and liver
metastases in combination with chemotherapy.

8

Related reports

There have been no case reports on co-existence of liver metastases from
both cecal leiomyosarcoma and rectal adenocarcinoma. Only one report was
published regarding a gastric adenocarcinoma with multiple liver tumors,
which were diagnosed pathologically as leiomyosarcoma after gastrectomy
and hepatectomy. Fifteen months later, a tumor in the colon was discovered,
after which a partial colectomy was carried out. The colon tumor was immuno
histochemically diagnosed as leiomyosarcoma.

9

10

Experiences and lessons

Treatment for multiple liver tumors is challenging, particularly if the diagnoses of
hepatic tumors differ from each other.
11

Peer-review

The main issue regarding diagnosis is whether the hepatic leiomyosarcoma
is a primary lesion or a metastasis from the cecum. From a pathological
perspective, it is difficult to distinguish which of the sites is a primary lesion. The
authors therefore went about trying to make a clinical determination.

12

REFERENCES
1

2

3
4

13

Miettinen M, Sarlomo-Rikala M, Sobin LH, Lasota J.
Gastrointestinal stromal tumors and leiomyosarcomas in the colon:
a clinicopathologic, immunohistochemical, and molecular genetic
study of 44 cases. Am J Surg Pathol 2000; 24: 1339-1352 [PMID:
11023095 DOI: 10.1097/00000478-200010000-00003]
Takehara K, Aoki H, Takehara Y, Yamasaki R, Tanakaya K,
Takeuchi H. Primary hepatic leiomyosarcoma with liver metastasis
of rectal cancer. World J Gastroenterol 2012; 18: 5479-5484
[PMID: 23082067 DOI: 10.3748/wjg.v18.i38.5479]
Hajdu SI, Shiu MH, Brennan MF. The role of the pathologist in
the management of soft tissue sarcomas. World J Surg 1988; 12:
326-331 [PMID: 3400243 DOI: 10.1007/bf01655665]
Gladdy RA, Qin LX, Moraco N, Agaram NP, Brennan MF, Singer
S. Predictors of survival and recurrence in primary leiomyosarcoma. Ann Surg Oncol 2013; 20: 1851-1857 [PMID: 23354568

14

15

DOI: 10.1245/s10434-013-2876-y]
DeMatteo RP, Shah A, Fong Y, Jarnagin WR, Blumgart LH,
Brennan MF. Results of hepatic resection for sarcoma metastatic to
liver. Ann Surg 2001; 234: 540-557; discussion 540-557; [PMID:
11573047 DOI: 10.1097/00000658-200110000-00013]
Ng EH, Pollock RE and Ramsdahl MM. Prognostic implications
of patterns of failure for gastrointestinal leiomyosarcomas. Cancer
1992; 69: 1334-1341 [PMID: 1540870 DOI: 10.1002/1097-0142
(19920315)69:6<1334]
Van Glabbeke M, van Oosterom AT, Oosterhuis JW, Mouridsen
H, Crowther D, Somers R, Verweij J, Santoro A, Buesa J,
Tursz T. Prognostic factors for the outcome of chemotherapy in
advanced soft tissue sarcoma: an analysis of 2,185 patients treated
with anthracycline-containing first-line regimens--a European
Organization for Research and Treatment of Cancer Soft Tissue
and Bone Sarcoma Group Study. J Clin Oncol 1999; 17: 150-157
[PMID: 10458228]
Lang H, Nussbaum KT, Kaudel P, Frühauf N, Flemming P, Raab
R. Hepatic metastases from leiomyosarcoma: A single-center
experience with 34 liver resections during a 15-year period.
Ann Surg 2000; 231: 500-505 [PMID: 10749609 DOI: 10.1097/
00000658-200004000-00007]
Marudanayagam R, Sandhu B, Perera MT, Bramhall SR, Mayer
D, Buckels JA, Mirza DF. Liver resection for metastatic soft tissue
sarcoma: an analysis of prognostic factors. Eur J Surg Oncol 2011;
37: 87-92 [PMID: 21163386 DOI: 10.1016/j.ejso.2010.11.006]
Groeschl RT, Nachmany I, Steel JL, Reddy SK, Glazer ES, de
Jong MC, Pawlik TM, Geller DA, Tsung A, Marsh JW, Clary BM,
Curley SA, Gamblin TC. Hepatectomy for noncolorectal nonneuroendocrine metastatic cancer: a multi-institutional analysis.
J Am Coll Surg 2012; 214: 769-777 [PMID: 22425166 DOI:
10.1016/j.jamcollsurg.2011.12.048]
Mourra N, Jouret-Mourin A, Lazure T, Audard V, Albiges L,
Malbois M, Bouzourene H, Duvillard P. Metastatic tumors to the
colon and rectum: a multi-institutional study. Arch Pathol Lab
Med 2012; 136: 1397-1401 [PMID: 23106585 DOI: 10.5858/arpa.
2011-0432-OA]
Hamai Y, Hihara J, Emi M, Aoki Y, Kushitani K, Tanabe K, Okada
M. Leiomyosarcoma of the sigmoid colon with multiple liver
metastases and gastric cancer: a case report. BMC Gastroenterol
2012; 12: 98 [PMID: 22849696 DOI: 10.1186/1471-230X-12-98]
Penel N, Italiano A, Isambert N, Bompas E, Bousquet G, Duffaud
F. Factors affecting the outcome of patients with metastatic
leiomyosarcoma treated with doxorubicin-containing chemotherapy. Ann Oncol 2010; 21: 1361-1365 [PMID: 19880438 DOI:
10.1093/annonc/mdp485]
Blay JY, van Glabbeke M, Verweij J, van Oosterom AT, Le
Cesne A, Oosterhuis JW, Judson I, Nielsen OS. Advanced softtissue sarcoma: a disease that is potentially curable for a subset of
patients treated with chemotherapy. Eur J Cancer 2003; 39: 64-69
[PMID: 12504660 DOI: 10.1016/S0959-8049(02)00480-X]
Yoo KH, Kim HS, Lee SJ, Park SH, Kim SJ, Kim SH, La Choi
Y, Shin KH, Cho YJ, Lee J, Rha SY. Efficacy of pazopanib monotherapy in patients who had been heavily pretreated for metastatic
soft tissue sarcoma: a retrospective case series. BMC Cancer 2015;
15: 154 [PMID: 25885855 DOI: 10.1186/s12885-015-1160-x]
P- Reviewer: Facciorusso A, Lim SC, Seicean R
S- Editor: Qi Y L- Editor: A E- Editor: Liu WX

WJG|www.wjgnet.com

1734

March 7, 2017|Volume 23|Issue 9|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
09

9   7 7 10  0 7   9 3 2 0 45
© 2016 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2017 March 14; 23(10): 1735-1924

Published by Baishideng Publishing Group Inc

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1375 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Algeria (2), Argentina (7),
Australia (31), Austria (9), Belgium (11), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia (1), Canada
(25), Chile (4), China (165), Croatia (2), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland (6), France
(20), Germany (58), Greece (31), Guatemala (1), Hungary (14), Iceland (1), India (33), Indonesia (2), Iran (10), Ireland
(9), Israel (18), Italy (194), Japan (149), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1), Mexico (11),
Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12), Portugal (8),
Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South Africa (1),
South Korea (69), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and
Tobago (1), Tunisia (2), Turkey (55), United Kingdom (49), United States (180), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
ASSOCIATE EDITORS
Yung-Jue Bang, Seoul
Vincent Di Martino, Besancon
Daniel T Farkas, Bronx
Roberto J Firpi, Gainesville
Maria Gazouli, Athens
Chung-Feng Huang, Kaohsiung
Namir Katkhouda, Los Angeles
Anna Kramvis, Johannesburg
Wolfgang Kruis, Cologne
Peter L Lakatos, Budapest
Han Chu Lee, Seoul
Christine McDonald, Cleveland
Nahum Mendez-Sanchez, Mexico City
George K Michalopoulos, Pittsburgh
Suk Woo Nam, Seoul
Shu-You Peng, Hangzhou
Daniel von Renteln, Montreal
Angelo Sangiovanni, Milan
Hildegard M Schuller, Knoxville
Dong-Wan Seo, Seoul
Adrian John Stanley, Glasgow
Jurgen Stein, Frankfurt
Bei-Cheng Sun, Nanjing
Yoshio Yamaoka, Yufu
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei

WJG|www.wjgnet.com

Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung



Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Algeria
Saadi Berkane, Algiers
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide

January 1, 2016

Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza

WJG|www.wjgnet.com

Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai

January 1, 2016

Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove

WJG|www.wjgnet.com

Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki

January 1, 2016

Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai

WJG|www.wjgnet.com

Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
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Abstract
Portal hypertension is a common clinical syndrome,
defined by a pathologic increase in the portal venous
pressure. Increased resistance to portal blood
flow, the primary factor in the pathophysiology of
portal hypertension, is in part due to morphological
changes occurring in chronic liver diseases. This
results in rerouting of blood flow away from the liver
through collateral pathways to low-pressure systemic
veins. Through a variety of computed tomographic,
sonographic, magnetic resonance imaging and
angiographic examples, this article discusses the
appearances and prevalence of both common and
less common portosystemic collateral channels in the
thorax and abdomen. A brief overview of established
interventional radiologic techniques for treatment of
portal hypertension will also be provided. Awareness
of the various imaging manifestations of portal
hypertension can be helpful for assessing overall
prognosis and planning proper management.
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Core tip: Pathologic resistance to portal venous blood
flow results in elevated portal pressure, forcing blood to
decompress through various portosystemic collaterals.
Blood may circumvent the liver via intrathoracic,
intraabdominal, abdominal wall and pelvic collateral
pathways - resulting in variceal bleeding, ascites
and encephalopathy. Our objective is to provide a
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comprehensive review of the commonly recruited
portosystemic collaterals in portal hypertension
and demonstrate its multimodality appearance on
ultrasound, computed tomography and magnetic
resonance imaging. Additionally, we will review several
image-guided therapies which either aim to decrease
portal venous pressure or mitigate the sequelae of
portal hypertension.
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Figure 1 Normal portal venous anatomy and direction of blood flow.
The main portal vein (MPV) is most commonly formed when the splenic vein
(SV) and the superior mesenteric vein (SMV) join. While variable, the inferior
mesenteric vein (IMV) most commonly drains in to the splenic vein, at the level
of the pancreatic body. Other tributaries may also join the MPV, such as the left
gastric vein (LGV) as depicted here.

INTRODUCTION
The portal venous system is a unique circulatory
system which connects two systems of capillary
beds; one in the gastrointestinal tract and splenic
parenchyma, and the second in the hepatic sinusoids.
The portal vein transports blood from abdominal
viscera and ramifies - much like an artery - at the liver,
ending into the hepatic sinusoids. The main portal
vein is typically formed by the confluence of splenic
vein and the superior mesenteric vein, posterior to
the neck of the pancreas. The inferior mesenteric
vein usually drains into the splenic vein and does not
directly connect to the main portal vein (Figure 1).
Other tributaries of the portal vein that make up the
portal venous system are the left gastric, right gastric,
paraumbilical, and cystic veins.
Normal portal venous pressure is between 5 to 10
mmHg, while the normal pressure gradient between
the portal vein and the inferior vena cava, known
as the hepatovenous pressure gradient (HVPG), is
[1]
typically 1 to 5 mmHg . Pathologic increase in portal
venous pressure is primarily caused by resistance to
portal inflow, which can occur either at the level of the
portal vein, hepatic sinusoids or hepatovenous outflow.
In addition to an increase in hepatic vascular resistance
to portal blood flow, there is progressive splanchnic
vasodilatation that aggravates the portal hypertension
[2]
syndrome by augmenting portal blood flow .
Recent updates in pathophysiologic understanding
of portal hypertension have also highlighted the
contribution of hepatic sinusoidal endothelial
[1]
dysfunction elevating portal pressure . Ongoing
portal hypertension eventually leads to formation of
collateral circulation that directly connects the portal
blood vessels to systemic circulation, bypassing the
liver and thus constituting the clinical syndrome of
[3-5]
portal hypertension
. Clinically significant portal
hypertension is defined as an increase in HVPG to ≥
10 mmHg; above this threshold, the complications of
[6]
portal hypertension may begin to appear . Formation
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of portosystemic collaterals is a complex process
involving the opening, dilatation and hypertrophy of
pre-existing vascular channels in order to decompress
[2,4,5,7,8]
the portal system
. Some have also postulated
that a component of angiogenesis is also involved in
[9]
collateral formation .
In this review, we discuss the entire spectrum of
portosystemic collateral pathways in the abdomen and
thorax, through examples of computed tomography
(CT), ultrasonography (US), magnetic resonance
imaging (MRI) and angiographic examples. A brief
overview of established interventional techniques
for treatment of portal hypertension and related
complications will also be provided.

IMAGING MODALITIES FOR
THE ASSESSMENT OF PORTAL
HYPERTENSION AND COLLATERAL
PATHWAYS
A variety of imaging modalities are available to
provide early diagnosis, prognostication and treatment
planning for patients with advanced liver cirrhosis
and portal hypertension. Catheter-based hepatic
venography allows for measurement of HVPG which
is the difference between the wedge and the free
hepatic venous pressures. Measurement of HVPG is
currently the best available method to evaluate the
presence and severity of portal hypertension, however,
this minimally invasive technique is not without risks including bleeding, infection, possible contrast reaction,
[8,10]
arrhythmias and need for intravenous sedation
.
US, CT, and MRI offer diagnostic information com
plementary to catheter-based techniques.
US is typically the initial, first-line modality
choice for the diagnosis and follow-up of portal
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[8,11]

hypertension
. Spectral and colour Doppler US
can provide accurate and specific detection of certain
portosystemic collaterals (recanalized paraumbilical
vein, splenorenal collaterals, dilated left and short
gastric veins), as well as, directionality of flow within
[8,11]
the portal vein
. US is also very accurate in the
detection of portal and hepatic venous thrombosis
and can be used for the surveillance of transjugular
intrahepatic portosystemic shunt (TIPS) patency. In
addition, US can provide cheap and readily acces
sible assessment of hepatic parenchymal nodularity,
splenomegaly, provide screening for liver tumors
including metastasis and hepatocellular carcinoma
(HCC), as well as, detect the presence of abdominal
[8]
ascites . Unfortunately, the clinical usefulness of US in
portal hypertension remains unsettled as it is plagued
by the lack of reproducibility and accuracy secondary
to intra- and interobserver variation and patient
related factors (body habitus, respiratory motion, etc.).
Transient elastography is a novel but well-validated
sonographic technique that has emerged in the
evaluation of hepatic fibrosis. The reported correlation
between liver stiffness and HWVP makes elastography
a potential helpful tool for the non-invasive evaluation
[12]
of portal hypertension .
Both CT and MRI provide excellent cross-sectional
visualization of the portal venous system with superior
spatial and contrast resolution when combined with
intravenous contrast agents (non-iodinated contrast
[8]
and gadolinium chelate agents, respectively) . CT
and MRI can outline the full extent of portal vein
thrombosis, portosystemic collateral mapping, and
treatment planning in cases of complex anatomy.
Although endoscopy is the gold standard, CT can
also be useful in the detection of esophageal/gastric
[13]
varices. In a prospective evaluation, Perri et al
demonstrated that CT had a 90% sensitivity in the
identification of esophageal varices determined to
be large on endoscopy, but only about 50% specific.
The sensitivity of CT in detecting gastric varices was
87%. CT however carries with it the burden of ionizing
radiation and there is a small risk of both allergic
reaction and nephrotoxicity with both CT and MR
[8,14]
contrast agents
.
Four-dimensional flow MRI (4-D flow MR) with
complete volumetric acquisition of the hepatic arterial
and portal venous system also offers a promising noninvasive approach for characterization and follow-up
of portal hypertension. Studies have demonstrated
the utility of 4-D flow MR for the evaluation of the
entire splanchnic system with high spatial resolution,
as well as, validated the technique for quantification of
flow velocities and volume using Doppler US data as
[15-17]
reference standards
. Future clinical applications
may include the evaluation of patients with portal
hypertension for the purpose of interventional treat
ment planning, as well as, post-procedural TIPS
[15]
assessment and follow-up .
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ANATOMIC SITES OF PORTOSYSTEMIC
CONFLUENCE
To ensure consistency in terminology, it should be noted
that varices are dilated end-organ veins that have
the propensity to bleed whereas shunts are dilated
collateral channels that simply connect the portal and
systemic vascular beds. The portosystemic collateral
channels that can develop in portal hypertension are
numerous, widespread and varied in appearance.
Intrathoracic manifestations of portosystemic collateral
vessels characteristically develop by way of the coronary
vein into esophageal or paraesophageal (22%-38%)
[10,18,19]
varices and cardiophrenic varices (18%)
. Other
common pathways of portosystemic shunting involve
gastroesophageal, paraumbilical, splenorenal, and
inferior mesenteric collateral vessels. Pleuro-pericardialperitoneal, pancreaticoduodenal, splenoazygos and
mesocaval collaterals are less common pathways for
decompression of portal vein (Figure 2).

CORONARY, ESOPHAGEAL,
PARAESOPHAGEAL AND
CARDIOPHRENIC VARICES
Coronary (or left gastric) veins within the lesser
omentum are the most frequently depicted varices,
seen in 80% of cross-sectional and 86% of angiographic
[16,20,21]
studies in patients with portal hypertension
.
With CT, the cephalic portion of the coronary vein is
clearly delineated, often as multiple channels near
the gastroesophageal junction. A coronary vein larger
than 5-6 mm in diameter on Doppler sonograms or
CT is considered abnormal and is an indicator of portal
[20,22-24]
hypertension
.
Coronary venous collaterals are usually accompanied
by esophageal or paraesophageal varices. Esophageal
varices are usually supplied by the anterior branch of
the left gastric vein, whereas the posterior branch of this
[25]
vein supplies paraesophageal varices . On CT, varices
appear as well-defined round, tubular, or serpentine
structures that are smooth, have homogeneous atte
nuation, and enhance with contrast material to the
same degree as adjacent portal and mesenteric veins
(Figure 3).
Esophageal varices, the most common and clini
cally important collateral vessels, consist of dilated
subepithelial and submucosal veins in the wall of
the lower esophagus (Figure 4). They usually drain
[20]
into the azygos or the hemiazygos system . The
reported rate of variceal hemorrhage in patients with
esophageal varices is estimated at 10%-30% per year,
with the mortality from variceal hemorrhage high at
[26]
20%-35% . CT is useful for detection and grading
of esophageal varices, with a detection rate of more
than 92% of large varices which have an elevated
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CPVar
EVar/PEVar
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LGV
GRS
PUVar
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SV
SRS

MPV

IMV
IVC

SMV

RVar

MVar

Mesenteric collaterals

Figure 2 Portosystemic collateral pathways and direction of blood flow in portal hypertension. Progressive resistance to hepatopetal flow results in slowed
and eventually reversed flow in the main portal vein (MPV). Portal venous system decompresses by recruiting several pre-exiting collateral pathways, the selection of
which is partly dictated by the location of the portal venous resistance. Paraumbilical (PUVar), abdominal wall varices (AWVar), esophageal (EVar), paraesophageal
(PEVar), gastric (GVar), cardiophrenic (CPVar), mesenteric (MVar) and rectal (RVar) varices may be created in order to allow the passage the portal venous blood into
systemic circulation. LGV: Left gastric vein; SV: Splenic vein; IMV: Inferior mesenteric vein; IVC: Inferior vena cava; SRS: Splenorenal shunt; GRS: Gastrorenal shunt.

Figure 3 Axial enhanced computed tomography of the upper abdomen in
portal venous phase demonstrates multiple large tubular and serpiginous
esophageal (white arrow) and paraesophageal (black arrow) varices at the
level of the esophageal hiatus of the diaphragm.

Figure 4 Endoscopic image of large tortuous submucosal esophageal
varices protruding into the esophageal lumen.

are located outside the walls of the esophagus and
thus cannot be seen with endoscopy. Their clinical
[27]
significance is not entirely clear, however, Lin et al
demonstrated that paraesophageal varices revealed
on chest CT suggested a poor prognosis for patients
with esophageal variceal hemorrhage who underwent
sclerotherapy.
Cardiophrenic angle varices consist of dilated
pericardiacophrenic veins, which frequently occur
in patients with cirrhosis caused by membranous
obstruction of the inferior vena cava (IVC). Their
[10]
reported prevalence is estimated at 18% . At
radiography, they may manifest as undulating masses

[18]

risk of bleeding . Typical CT appearance is nodular
thickening of the esophageal wall and enhancing
nodular intraluminal protrusions with scalloped
[18]
borders .
Paraesophageal varices are venous collaterals
surrounding the esophagus through a network of
multiple veins and connect the coronary vein with the
azygos, hemiazygos veins and the vertebral plexus.
They are seen in 22%-38% of CT scans as dilated
collateral vessels surrounding the esophagus and
[10,18,19]
the descending thoracic aorta (Figure 5)
. They
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A

Figure 7 Enhanced axial computed tomography image acquired in portal
venous phase demonstrates large upper abdominal omental varices (white
arrow). Additionally, several enlarged submucosal gastric (black arrow) and
short gastric varices (dashed black arrow).

B

Figure 5 Axial (A) and coronal (B) cross-sectional enhanced computed
tomography images show large paraesophageal varices (white arrow)
surrounding the esophagus circumferentially in a patient with liver
cirrhosis and portal hypertension. Note the nodular and shrunken liver, lowdensity abdominal ascites and splenomegaly.

*

Figure 8 Retroflexed endoscopic image of large tortuous submucosal
gastric varices (black star).

and gastric varices frequently coexist, as noted in the
widely used Sarin endoscopic grading classification
[28]
for gastric varices (Table 1) . Esophageal varices
are more likely to be supplied by the left gastric or
the coronary vein, whereas gastric varices are more
likely to be supplied by the short gastric and posterior
[29]
gastric veins . Dilated short gastric veins appear as a
tangle of vessels along the medial aspect of the spleen
near the hilum, making it often difficult to distinguish
between the gastric fundus and individual vessels
(Figure 7). Gastric varices are known to simulate
tumors or thickened rugae at endoscopy or barium
radiography (Figure 8).
Gastric varices that usually drain into the esophageal
or paraesophageal veins but can occasionally drain
into the left renal vein via a gastrorenal shunt (Figure
9). A gastrorenal shunt appears as a large leftsided retroperitoneal venous channel, associated
[30]
with dilatation of the left renal vein . These shunts
may arise from pre-existing tiny portosystemic com
munications or from the adrenal and periadrenal venous
[30]
system . In patients with gastrorenal shunts, large
gastric varices may be encountered in the absence of
esophageal varices.

Figure 6 Coronal post-gadolinium T1-weighted fat-suppressed magnetic
resonance image shows prominent cardiophrenic (white arrow) and pericardial
collateral veins (dashed white arrow) in a patient with Budd-Chiari syndrome.

along the cardiac borders, simulating a tumor (Figure 6).

GASTRIC VARICES AND GASTRORENAL
SHUNTS
Gastric varices, along with esophageal varices, are by
far the most common portosystemic pathways seen
[21]
in portal hypertension . The reported prevalence of
gastric varices ranges from 2% to 70%. Esophageal
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Table 1 Sarin endoscopic grading classification for gastric varices
Category

Description

Gastroesophageal varix type 1
Gastroesophageal varix type 2
Isolated gastric varix type 1
Isolated gastric varix type 2

Continuation from esophageal varices which extend along the lesser curve
Continuation from esophageal varices which extend along the lesser curve but are more tortuous than GOV-1
Occur in the absence of esophageal varices and are located at the gastric fundus. Varices are tortuous and complex
Occur in the absence of esophageal varices and are located at the gastric body, antrum or pylorus

and usually courses between the lateral and medial
segments of the left hepatic lobe, along the anterior
edge of the falciform ligament. The course and number
[31,32]
of the paraumbilical collaterals is variable
. On
cross-sectional imaging, paraumbilical varices appear
as tubular structures more than 2-3 mm in diameter
(Figure 11) and usually anastomose with the superior
epigastric or internal thoracic veins. From there,
drainage is typically either into the superior vena cava
or anastomose with inferior epigastric vein and then
drain into the inferior vena cava through the external
[31]
iliac vein . Occasionally, the paraumbilical vein drains
into the abdominal veins, creating a “Medusa’s head”
appearance (Figure 12). The paraumbilical system
is considered a frequent abdominal portosystemic
[20,22]
pathway, with reported prevalence of 30%-35%
.

Figure 9 Coronal enhanced computed tomography image demonstrates
a large gastrorenal shunt (black arrow) and perigastric, as well as, gastric
submucosal varices (white arrow) in a patient with liver cirrhosis and portal
hypertension.

OMENTAL AND MESENTERIC
COLLATERALS

PERISPLENIC VARICES AND
SPLENORENAL AND SPLENOCAVAL/
SPLENOAZYGOS SHUNTS

Omental collateral vessels are infrequently included
in list of common portosystemic pathways because
they are not well visualized with angiography or other
[20]
modalities. However, Cho et al
demonstrated a
20% prevalence of omental varices in their series of
60 patients with cirrhosis. Omental varices tend to be
small but are usually numerous throughout the greater
omentum and should not be mistaken for metastases
on CT imaging.
Mesenteric collateral vessels usually appear as dilated
and tortuous branches of the superior mesenteric vein
[20]
within the mesenteric fat . These collateral vessels
ultimately drain into the systemic venous system via
[32]
the retroperitoneal or pelvic veins . Mesenterorenal
shunts also exist, although rare. They manifest as
communication between superior mesenteric vein and
[33]
the right renal vein . The presence of collateral vessels
through the inferior mesenteric vein has also been
documented, with authors theorizing that such vessels
usually flow into systemic circulation via middle and
[34]
inferior rectal (or hemorrhoidal) varices . Occasionally,
blood shunts from the inferior mesenteric vein directly
into the inferior vena cava, which is called an inferior
mesenteric-caval shunt (or mesocaval shunt) (Figure
13). This may cause encephalopathy, although there is
[34]
less of a risk of hemorrhage from rectal varices .

Splenic varices usually traverse the splenocolic
ligament and are seen as dilated veins in the
[20]
anteroinferior aspect of the spleen . Perisplenic
collaterals can communicate with the gastric veins.
It should be noted that the tortuous splenic veins
frequently seen at the hilum of the enlarged spleen
should not be called perisplenic varices.
A spontaneous splenorenal shunt can also develop,
which on CT, is seen as large, tortuous veins in the
region of the splenic and left renal hilum that drain
[30]
into an enlarged left renal vein (Figure 10) . These
shunts can be so tortuous that the exact origin of the
connection along the splenic vein is sometimes difficult
to discern.
In the rare case of a splenocaval shunt, large veins
may be seen extending from the inferior aspect of the
spleen to the pelvis and draining into the inferior vena
[20]
cava via the left internal iliac vein or gonadal vein .
Splenoazygos shunts involve portal decompression via
splenic vein to hemiazygos vein or posterior abdominal
[20]
wall veins . CT is the best modality for demonstrating
[20]
these deep portosystemic collateral shunts .

PARAUMBILICAL AND ABDOMINAL
WALL COLLATERALS

OTHER COLLATERAL VESSELS

The paraumbilical vein arises from the left portal vein

Intrahepatic portal veins may form collateral pathways
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A

B

MPV
IVC
SV

Left MRV

SRS

SRS

SMV tributary

Figure 10 Axial enhanced computed tomography acquired in portal venous phase demonstrates a prominent splenorenal shunt (A, white arrow), left
anterior oblique three dimensional computed tomography reconstruction re-demonstrates spontaneous splenorenal shunt draining portal venous blood
into the left extra-hilar main renal vein (B). MPV: Main portal vein; SMV: Superior mesenteric vein; IVC: Inferior vena cava; SV: Splenic vein; SRS: Spontaneous
splenorenal shunt; MRV: Main renal vein.

A

B

Figure 11 Sagittal (A) and transverse midline (B) Doppler sonographic images demonstrate turbulent flow within a recanalized paraumbilical vein.

A

B

Figure 12 Axial enhanced computed tomography image acquired in portal venous phase (A) and coronal-oblique three-dimensional computed tomography
reconstruction (B) demonstrating large paraumbilical varices with large associated caput medusa.

with hepatic venous branches or direct communication
[32]
with the left gastric vein, usually in the left lobe .
A loose collateral plexus over the hepatic surfaces
sometimes is widely distributed over the parietal
peritoneum, with branches piercing the diaphragm
to join pericardial, pleural, and pulmonary veins
[35]
(pleuropericardial-peritoneal collaterals) . The
term vein of Sappey has been used in the past to
indicate these small diaphragmatic collaterals, but is
now regarded as synonymous for the paraumbilical
[36,37]
vein
.
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RADIOLOGIC INTERVENTIONS IN
PORTAL HYPERTENSION
Interventions involving the portal venous system were
conceived as early as 1969, when Rosch and colleagues
reported creating a portosystemic shunt within the
liver parenchyma in a series of dog experiments
[38]
using Teflon tubes as stents . Subsequent decades
have seen an expansion in the variety of therapeutic
interventions to treat portal hypertension. The primary
goal in treating portal hypertension is reduction in
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treatment of refractory ascites. Additional indications
include: hydrothorax, acute gastropathy, hepatorenal
syndrome, Budd-Chiari Syndrome and hepatorenal
[39]
syndrome .
Disadvantages of TIPS include: deterioration
of hepatic function caused by diversion of portal
venous blood flow and shunt dysfunction, requiring
routine imaging surveillance and shunt maintenance
procedures. TIPS is contraindicated in patients
with congestive heart failure, severe pulmonary
hypertension, severe tricuspid regurgitation, and
[39]
hepatic failure . Moreover, creating an unimpeded
shunt to carry un-detoxified blood to systemic cir
culation may result in worsening of existing hepatic
[46]
encephalopathy .
Direct intrahepatic portocaval shunt (DIPS) is a
variation of the TIPS procedure, where intravascular
ultrasound (IVUS) is utilized to assist in the trans
hepatic puncture, passing directly from the IVC to
[47]
the portal vein, through the caudate lobe . DIPS
may be helpful in cases of hepatic vein thrombosis,
challenging anatomy or in the presence of an ill-suited
hepatic parenchymal tract (presence of hepatocellular
[47]
carcinoma for example) .

Figure 13 Right anterior oblique three-dimensional computed tomography
reconstruction shows mesocaval collateral veins shunting blood from
the inferior mesenteric vein to the inferior vena cava via the right ovarian
vein.

the portal venous pressure itself, in order to mitigate
complications such as variceal hemorrhage, conges
tive gastroenteropathy, refractory ascites, hepatic
[39]
hydrothorax, and hepatorenal syndrome . In cases
where it is not possible to achieve this primary goal,
various procedures can be offered to palliate or control
the symptoms related to portal hypertension.

PALLIATING SYMPTOMS OF PORTAL
HYPERTENSION: BRTO AND VARIANTS

REDUCING PORTAL VENOUS PRESSURE:
TRANSJUGULAR INTRAHEPATIC
PORTOSYSTEMIC SHUNT

For the past two decades, balloon-occluded retrograde
transvenous obliteration of varices (BRTO) has become
common practice in Asia for the management of
gastric varices. Studies have shown that gastric varices
may bleed despite HVPG being less than 12 mmHg,
[48,49]
below the treatment target pressure for TIPS
. The
conventional technique involves advancing a catheter
from the femoral vein into the outlet of the gastrorenal
shunt, typically in the region of the left renal vein.
Following balloon occlusion of the shunt, a sclerosant
is injected retrograde to fill the gastric varices (Figure
15). Balloon-catheter and sclerosing agent are typically
left in place from 4-48 h before completing the
[39,48-50]
procedure
.
BRTO has been shown to be effective in controlling
[48,50]
gastric variceal bleeding with low re-bleed rates
.
The efficacy of BRTO for treating gastric varices
has been described as excellent and some authors
have insisted that the procedure could be used as a
prophylactic treatment technique before the rupture
[49]
of gastric varices . BRTO is also thought to improve
portal venous flow as it diverts the blood flow from a
collateral shunt pathway to the liver. As such, BRTO
is also an effective treatment for those patients with
[46,48-51]
refractory hepatic encephalopathy
.
BRTO is advantageous to TIPS in that it does not
require general anesthesia and can be performed
on patients with poor hepatic reserve or those with
[49]
encephalopathy . However, occlusion of the natural
shunts results in increase hepatopetal flow through

Transjugular intrahepatic portosystemic shunt (TIPS)
is an image-guided, minimally invasive procedure
in which polytetrafluoroethylene (PTFE)-covered
stents are deployed through the hepatic parenchyma,
[40]
bridging the hepatic vein and portal vein . Briefly,
frequently under general anaesthesia, the right
internal jugular vein is accessed and under fluoroscopic
guidance, a catheter-trocar set is typically advanced
from the right hepatic vein to the right portal vein.
Once appropriate position is confirmed, angioplasty
and a PTFE-covered stent is deployed - bridging the
portal venous system with the system venous system
[39]
(Figure 14) .
TIPS reduces the portosystemic pressure gradient
by functioning as a side-to-side portocaval shunt.
The strongest evidence in favor of performing a
TIPS procedure exists for the secondary prevention
[41,42]
of the onset or recurrence of variceal bleeding
.
A recent meta-analysis published in 2008 found
more than threefold decrease in the risk of recurrent
bleeding after insertion of a TIPS compared with
[43]
various forms of endoscopic therapy . TIPS is also
[44]
indicated for treatment of refractory ascites . A
recent trial also showed improved survival in the
group of patients who received a TIPS, on top of
[44,45]
reduced risk of recurrent ascites
. Despite limited
evidence, TIPS has also found a wider clinical use than
just secondary prevention of variceal bleeding and
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A

B

C

D

Figure 14 Transjugular intrahepatic portosystemic shunt procedure performed on a 54-year-old male with alcohol-induced cirrhosis and portal
hypertension who presents with intractable ascites. A: Rosch-Uchida transjugular intrahepatic portosystemic shunt (TIPS) trochar-needle set (Cook Medical,
Bloomington, United States) was advanced into an anterior branch of the right portal vein successfully after four attempts; B: Subsequently a wire and pigtail catheter
were advanced into the main portal vein and subtraction angiography was performed demonstrating large dilated left gastric varices; C: Viatorr polytetrafluoroethylene
(PTFE)-covered self-expanding stent (Gore Medical, Flagstaff, United States) was deployed over the tract; D: Completion portography demonstrates patency of the
TIPS with decreased overall flow into the gastric varices.

themselves also have a potential serious side
effects including, pulmonary edema, disseminated
intravascular coagulopathy, portal vein thrombosis,
[49,50,52]
renal dysfunction and anaphylaxis
.
Coil-assisted retrograde transvenous obliteration
(CARTO) of gastric varices is a modified version
of the original BRTO procedure. Utilizing dual
microcatheter technique, one microcatheter is
placed within the proximal shunt while the second is
advanced and placed distally closer to gastric varices.
Coil embolization is performed via the proximally
placed microcatheter, while gelfoam embolization
of the gastric varices is performed via the distal
microcatheter. After variceal embolization is complete,
[52]
the entire microcatheter system is removed . A
recent study has demonstrated similar procedural
efficacy to BRTO, while alleviating the complications
related to an indwelling balloon catheter (balloonrupture, access site complication, intensive care
admission and monitoring), as well as, avoiding
the potential systemic side-effects of the sclerosing
[52]
agent . A similar procedure, using a vascular
plug instead of a coil pack (vascular plug-assisted
transvenous obliteration of gastric varices or “PARTO”),
has also been validated demonstrating high technical
success and clinical efficacy for the treatment of gastric

GVar
LGV
GRS

SV
SRS

MPV

IMV
IVC

SMV

Catheter via
femoral vein

Legend
Sclerosant
Balloon
catheter

Figure 15 Retrograde balloon occlusion of gastro-renal shunt via femoral
venous approach coursing through the inferior vena cava and left renal
vein. After balloon occlusion, a sclerosing agent is injected into the gastric varices
(GVar). Black arrows indicate directional blood flow. MPV: Main portal vein; IMV:
Inferior mesenteric vein; IVC: Inferior vena cava; GRS: Gastrorenal shunt.

the portal vein, increasing portal venous pressure.
This may inadvertently aggravate esophageal varices
and ascites. In patients with poor hepatic reserve,
risks and benefits of BRTO should be weighted very
[39,49]
carefully
. Additionally, the sclerosing agents
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A

B

C

Figure 16 Coil-assisted retrograde transvenous obliteration of gastric varices in a 55-year-old patient who presented with recurrent gastric variceal
bleeding refractory to endoscopic therapy. A: Angled catheter was navigated into the left gastrorenal shunt after obtaining access from the right common femoral
vein and advancing 5-french sheath into the inferior vena cava; B: Digital subtraction angiography performed through the gastrorenal shunt demonstrating large
dilated shunt vessels, as well as, secondary outflow through pericardiophrenic collaterals; C: Both the proximal and distal shunts were coil-occluded and gelfoam was
utilized to embolize and thrombose the gastric varices.
[53]

varices and hepatic encephalopathy

(Figure 16).

7

CONCLUSION

8

Portal hypertension is a common clinical syndrome
characterized by pathologic increase in portal venous
pressure and the formation of portosystemic collaterals
that divert blood away from the liver. The imaging
appearance can be quite variable and knowledge of the
various collateral pathways is essential for diagnosis
and treatment planning. The role of radiology conti
nues to evolve with increased utilization of advanced
imaging techniques in detecting and diagnosing portal
hypertension and liver disease, as well as, imageguided interventions to treat complications of portal
hypertension.
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Abstract
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Rome, 00185 Rome, Italy

The estimates of global incidence and prevalence of
non-alcoholic fatty liver disease (NAFLD) are worrisome,
due to the parallel burden of obesity and its metabolic
complications. Indeed, excess adiposity and insulin
resistance represent two of the major risk factors for
NAFLD; interestingly, in the last years a growing body
of evidence tended to support a novel mechanistic
perspective, in which the liver is at the center of a
complex interplay involving organs and systems, other
than adipose tissue and glucose homeostasis. Bone and
the skeletal muscle are fat- free tissues which appeared
to be independently associated with NAFLD in several
cross-sectional studies. The deterioration of bone mineral
density and lean body mass, leading to osteoporosis and
sarcopenia, respectively, are age-related processes. The
prevalence of NAFLD also increases with age. Beyond
physiological aging, the three conditions share some
common underlying mechanisms, and their elucidations
could be of paramount importance to design more
effective treatment strategies for the management
of NAFLD. In this review, we provide an overview on
epidemiological data as well as on potential contributors
to the connections of NAFLD with bone and skeletal
muscle.
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Core tip: Novel epidemiological findings open new
avenues for a thorough understanding of the patho
genesis of non-alcoholic fatty liver disease (NAFLD).
Liver appears to participate in a fascinating cross- talk
with fat-free tissue, mainly bone and skeletal muscle.
The identification of contributors other than the classic
roles played by excess fat and insulin resistance may
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any paper dealing with viral or autoimmune hepatic
disease, inherited metabolic disorders, excessive
alcohol intake; any paper including the definition
of NAFLD based on clinical chemistry data only
(e.g., elevated aminotransferase levels); any paper
on sarcopenia associated to cancer cachexia or
neurological diseases, inflammatory or autoimmune
diseases, corticosteroids for systemic use; any paper
including bedridden subjects; any paper concerning
osteoporosis as secondary disease; any paper in which
fractures and not bone mineral density (BMD), were
the main outcome; any paper evaluating markers of
bone turnover without data on BMD; and any study
conducted in animals. Review articles and secondary
data analyses, letters in response to published articles,
editorials, commentaries and conference abstracts
were excluded.

be relevant for the design of more effective treatment
strategies for NAFLD.
Poggiogalle E, Donini LM, Lenzi A, Chiesa C, Pacifico L. Nonalcoholic fatty liver disease connections with fat-free tissues: A
focus on bone and skeletal muscle. World J Gastroenterol 2017;
23(10): 1747-1757 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1747.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1747

INTRODUCTION
In the last decades, a wealth of studies have focused
on non-alcoholic fatty liver disease (NAFLD), given
that the rising prevalence of this clinical condition
has paralleled the obesity epidemic in Western and
[1,2]
developing countries . The intrahepatic triglyceride
[3]
accumulation is the hallmark of NAFLD ; energy
imbalance and insulin resistance are considered the
most relevant determinants leading to ectopic fat
deposition in the liver, and NAFLD has been described
as the hepatic manifestation of the metabolic syn
[3,4]
drome
. Hence, evidence regarding NAFLD is
undoubtedly strictly related to excess adiposity and
[2-4]
its metabolic consequences
. However, in recent
years, NAFLD has been associated to diseases and
clinical conditions which typically have a natural
history that is independent of obesity, such as
osteoporosis and the decline of lean body mass,
[5,6]
namely sarcopenia
. Similar to osteoporosis
and sarcopenia, which are notably linked to age[7]
related processes , the prevalence of NAFLD also
tends to increase with aging in men and in both
[8,9]
premenopausal and postmenopausal women
.
Furthermore, the association between fatty liver and
poor bone mineralization has been also revealed in
[5]
the pediatric population , expanding the constellation
of mechanistic hypotheses other than the known
potential contributors characterizing the aging process
[8,10]
(e.g., changes in sex steroids)
. Therefore, NAFLD
appears to be at the center of an intriguing cross- talk
involving fat-free tissues, in a new fascinating scenario
in which obesity could be only marginally present. In
the extant studies, the relationships between NAFLD
and bone health, as well as between NAFLD and
sarcopenia, have been separately examined. The aim
of the present review is to summarize epidemiological
evidence and potential underlying mechanisms in the
complex interplay among NAFLD, bone, and skeletal
muscle. Relevant peer- reviewed journal articles
published in English were identified in the MEDLINE
database (the last search was conducted on August
31, 2016); different combinations of the following
search terms were used: “nonalcoholic fatty liver
disease”, “bone”, “skeletal muscle mass”, “lean body
mass”.
Also the following exclusion criteria were used:
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NAFLD AND BONE MINERAL DENSITY
Most studies dealing with BMD in subjects with fatty
liver were conducted in the Asian population, and liver
ultrasonography was the most used method for the
diagnosis of NAFLD. BMD was assessed by dual energy
X-ray absorptiometry (DXA) in all studies, but different
sites of the skeleton, or whole body BMD, were
[11-22]
examined (Table 1)
. The association between
NAFLD and decreased BMD has been reported in
both genders, and also confirmed in children and
adolescents, in the majority of the studies, with few
[13,16,20]
exceptions
.
[11]
Xia et al reported a negative association between
NAFLD and any site of the skeleton examined in
Chinese men and postmenopausal women aged 46-93
[12]
years. Similarly, Cui et al
described a negative
association between NAFLD and BMD (as average
of BMD at the femoral neck, hip, and lumbar spine)
in Chinese men and postmenopausal women (aged
40-70 years). However, both genders with NAFLD
showed lower BMD at the hip than controls, whereas
no difference was found at the lumbar level. In a
large Korean cohort including men aged 40 years
[13]
and older, and postmenopausal women, Lee et al
observed a negative association between NAFLD and
the femoral neck BMD in men, whereas a positive
relationship emerged between NAFLD and lumbar
[14]
spine BMD in women. Moon et al
reported that
a negative association between NAFLD and lumbar
spine BMD was present in postmenopausal, but not
premenopausal women. However, in these studies
liver ultrasound was used to diagnose NAFLD. It is well
known that sonography is highly operator-dependent,
and has limited repeatability and reproducibility
because it evaluates liver fat content on the basis of
[23]
subjective qualitative features of liver echogenicity .
In addition, just a few studies examined thoroughly
multiple sites or whole body bone mineral density.
Bhatt and coll. assessed BMD in different skeletal
segments, and surprisingly, found higher BMD values
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Table 1 Studies exploring the association between non-alcoholic fatty liver disease and bone mineral density
Ref.

Study population and sample size

Xia et al[11],
2016

Elderly men (n = 755) and
postmenopausal women (n = 904)
divided into quartiles of liver fat
content (LFC)
Men with NAFLD (n = 46) vs male
controls (n = 53); postmenopausal
women with NAFLD (n = 73) vs
female controls (n = 52)

Race/ethnicity NAFLD assessment

Bhatt et al[16],
2013

Chang et al[20],
2015

NAFLD negatively associated with righthip BMD
Lower lumbar BMD Z-score in NAFLD
children than controls. Negative
association of lumbar BMD and wholebody BMD Z-scores with NASH
Lower whole body BMD Z-score in
children with NAFLD than children
without NAFLD. Lower whole body
BMD Z-score in children with NASH than
children without NASH
Arm, leg, trunk, Age-matched BMD Z-scores were not
whole body
different between groups

Lee et al[13],
2016

Men with NAFLD (n = 1288) vs male
controls (n = 2018); postmenopausal
women with NAFLD (n = 1217) vs
female controls (n = 2112)
Moon et al[14],
Premenopausal women with
2012
NAFLD (n = 162) vs controls (n
= 54), and postmenopausal with
NAFLD (n = 102) vs controls (n =
163)
Purnak et al[15], Men (n = 52) and women (n = 50)
2012
with NAFLD vs healthy men (n =
28) and women (n = 26)

Liver quantitative
US

Chinese

Liver US

Korean

Liver US

Korean

Liver US

Caucasian

Liver US

Main findings: BMD

Lumbar spine, BMD in any skeletal segment was lower in
hip, whole body the highest LFC quartile compared to the
lowest quartile. LFC inversely correlated
with BMD (all skeletal segments)
Lumbar spine, Lower BMD at the right hip in participants
right hip, femoral with NAFLD than controls (in both
neck
genders); lower BMD at the femoral neck
in men with NAFLD vs controls. Negative
association between NAFLD and BMD
Lumbar spine and Negative association between femoral
femoral neck
neck BMD and NAFLD in men; positive
correlation between lumbar spine BMD
and NAFLD in postmenopausal women
Lumbar spine Higher BMD in the control group than
postmenopausal women NAFLD;
NAFLD negatively associated with BMD
in postmenopausal women, but not
premenopausal women
Femur (neck,
Lower lumbar spine and femoral neck
trochanter,
BMD Z-scores in women with high ALT
intertrochanteric levels
region and total
femur) and
lumbar spine
Trunk, pelvis, Higher BMD values in NAFLD subjects
spine, whole body than controls

Cui et al[12],
2013

Chinese

Skeleton:
segments

Men (n = 129) and women (n = 33)
Indian
Liver US
with NAFLD vs controls (men, n =
109; women, n = 64)
Yang et al[17],
Men with NAFLD (n = 249) vs male
Korean
Liver US
Right Hip
2016
controls (n = 610)
Pacifico et al[18], Obese children with NAFLD (boys,
Caucasian
MRI + liver biopsy Lumbar spine and
2013
n = 24, and girls, n = 20) vs obese
whole body
controls (boys, n = 24, and girls, n =
20)
Pardee et al[19], Obese children( 10-17 yr) with (n =
Mixed (89.5%
Liver biopsy
Whole body
2012
38) or without (n = 38) NAFLD
Hipanic, 10.5%
non-Hispanic,
White)
Obese children and adolescents with
NAFLD (n = 15) vs obese children
and adolescents with NASH (n = 47)
vs controls (n = 32)

Pirgon et al[21],
2011

Obese children with NAFLD (boys,
n = 19, and girls, n = 23) vs obese
children (boys, n = 18, and girls, n =
22) and lean children (boys, n = 15,
and girls, n = 15)
Campos et al[22], Obese adolescents with NAFLD (n
2012
= 18) vs obese adolescents without
NAFLD (n = 22)

Korean

Caucasian
(Turkish)

Liver US (NAFLD);
liver US +
elevated serum
aminotransferase
levels (NASH)
Liver US

Brazilian

Liver US

Lumbar spine

Lower lumbar BMD-SDS in obese
adolescents with NAFLD compared
with obese and lean adolescents without
NAFLD

Whole body

Obese adolescents with NAFLD had a
significantly lower values of BMC than
their counterparts without NAFLD. No
differences in BMD Z-scores

BMC: Bone mineral content; BMD-SDS: Bone mineral density-standard deviation score; BMD: Bone mineral density; LFC: Liver fat content; MRI: Magnetic
resonance imaging; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; US: Ultrasound; ALT: Alanine aminotransferase.

in some bone sites (namely, trunk, pelvis, spine, and
also whole body BMD) in adult subjects with NAFLD
[16]
compared to controls . In this study, participants
with NAFLD had a higher BMI and a higher body fat
than controls, and any adjustments for either BMI
or body fat were not considered in the comparison
of BMD between groups: this may account for the
[16]
discrepant results obtained . Currently it is unclear
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if the presence of NAFLD is associated to a higher
susceptibility to bone mass deterioration in any specific
segment of the skeleton, and this research question,
together with a more in-depth investigation of gender
differences, needs to be addressed in future studies.
However, evidence from pediatric studies, in which
NAFLD was biopsy-proven, suggests that the effects
of the interrelationship between fatty liver and bone is
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already present in the first decades of life, and whole
[18,19]
body bone mass seems to be affected
. Pacifico
[18]
et al
evaluated lumbar spine BMD and whole body
BMD in obese children with fatty infiltration of the liver,
as assessed through MRI (two-point Dixon method)
and liver biopsy. Compared to controls, children with
NAFLD had lower whole body BMD and lumbar spine
BMD; similarly, whole body BMD Z-score and lumbar
segmental BMD Z-score were significantly lower
according to histological staging. The association
between NAFLD and BMD was maintained even after
adjustment for fat mass or high-sensitivity C-reactive
[20]
protein levels. Conversely, Chang et al
described
no difference in age-matched BMD Z-scores in Korean
children with simple steatosis or NASH, compared to
controls; in that study, the diagnosis of NAFLD was
based on liver ultrasonography, and NASH was defined
as the presence of elevated transaminase levels in
children with NAFLD. These observations need to be
consolidated by further research in larger cohorts,
using gold-standard methods for the evaluation of
fatty liver.

the higher quartiles. Interestingly, this association
was maintained even after adjustment for potential
confounders such as age, sex, physical activity level,
homeostasis model assessment of insulin resistance
(HOMA-IR), C-reactive protein, and vitamin D levels.
In a different cohort of Korean subjects with a biopsy[25]
proven diagnosis of NAFLD, Koo et al found that the
prevalence of sarcopenia [defined by the appendicular
skeletal muscle mass divided by body weight or
normalized to body mass index (BMI)], increased
according to NAFLD histological grades (steatosis
and ballooning) and fibrosis stage. In addition,
the odds ratio of having NASH was increased in
sarcopenic subjects compared to their nonsarcopenic
counterparts, independent of obesity and HOMA-IR.
In the remaining studies, the assessment of NAFLD or
liver fibrosis was based on the calculation of surrogate
indices (Table 2). In a large population- based study,
[26]
namely the KHANES 2008-2011, Lee et al observed
an approximately two-fold higher risk of liver fibrosis
in sarcopenic subjects with NAFLD, independent of
obesity and insulin resistance. Analogous observations
were provided by other studies carried out in Korean,
[27-31]
Japanese and Italian cohorts
, showing that
the relationship linking NAFLD and sarcopenia was
independent of the classic risk factors such as obesity,
insulin resistance or other metabolic covariates.
Notably, the aforementioned studies included mainly
middle-aged and elderly participants. As such, the
reciprocal influence of NAFLD and skeletal muscle in
the first decades of life remains to be clarified.

NAFLD AND SKELETAL MUSCLE
Growing interest has been directed to the involvement
of skeletal muscle mass in chronic liver disease,
especially in cirrhosis. The decline in lean body mass,
namely sarcopenia, has been recognized as one
of the comorbidities accompanying liver cirrhosis,
likely related to malnutrition occurring in cirrhotic
[24]
patients . Beyond chronic liver disease of viral or
auto-immune origin, several studies have described
the phenotype of sarcopenia in subjects with NAFLD
[25-31]
(Table 2)
. Evidence concerning the deterioration
of skeletal muscle in NAFLD is scarce, and data from
pediatric studies are lacking, due to several reasons.
First, sarcopenia is an age-related process, with
[7]
prevalence increasing in late life . However, the
coexistence of risk factors such as obesity and physical
inactivity may be responsible for a more precocious
onset of this clinical condition. Second, contrary
to osteoporosis and reduction of the BMD in the
pregeriatric population, universally accepted criteria
for the diagnosis of sarcopenia are lacking and are still
[32]
under debate . In the extant studies investigating
the relationship between sarcopenia and NAFLD,
the skeletal muscle mass was assessed by DXA or
bioimpedance analysis (BIA), and different indices of
sarcopenia were used. The majority of studies relied
on the use of surrogate indices to identify NAFLD and
fibrosis in NAFLD. Moreover, the Asian population has
been mainly investigated, whereas evidence from
other ethnic groups is scarce to date. In the Korean
[6]
Sarcopenic Obesity Study, Hong et al demonstrated
that participants in the lowest skeletal muscle index
quartile exhibited a higher odds ratio of having
NAFLD (defined by the liver attenuation index from
abdominal computed tomography) than subjects in
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POTENTIAL MECHANISMS UNDERLYING
THE INTERPLAY BETWEEN NAFLD,
BONE, AND SKELETAL MUSCLE
Growth hormone/insulin-like growth factor 1 axis

The growth hormone/insulin-like growth factor 1
(GH/IGF1) axis is involved in protein metabolism
in the skeletal muscle as well as bone growth and
[33,34]
remodeling
. The age-related decline of the
somatotropic axis activity, namely the somato
pause, represents an important determinant of the
[34]
development of osteoporosis and sarcopenia .
Recent evidence highlights the crucial role of IGF1
signaling in the cross-talk linking striated muscle and
[35]
bone . Furthermore, NAFLD is a frequent comorbidity
observed in patients with GH deficiency, with a more
[36]
rapid progression to NASH . Several studies have also
reported decreased levels of IGF1, that is the major
[37]
mediator of GH action, in subjects with NAFLD . GH
and IGF1 influence carbohydrate and lipid metabolism,
with opposite actions: IGF1 stimulates glucose
uptake, favoring insulin signaling, whereas GH induces
lipolysis, determining insulin resistance mediated
[38,39]
by elevated free fatty acid levels
. However, the
association between NAFLD and IGF1 appears to be
[40]
[41]
independent of insulin resistance . Sumida et al

1750

March 14, 2017|Volume 23|Issue 10|

Poggiogalle E et al . NAFLD and fat-free tissues
Table 2 Studies exploring the association between non-alcoholic fatty liver disease and skeletal muscle mass
Ref.

Study population and sample size

Hong et al[6],
2014

Men (n = 32) and women (n = 96) with
sarcopenia vs men (n = 135) and women (n =
189) without sarcopenia
Adults with NAFLD (n = 117) vs adults with
NASH (n = 123) vs controls (n = 69)

Koo et al[25],
2016

Lee et al[26],
2015

Men (n = 5617) and women (n = 9515)
divided into four groups: sarcopenic obese
(n = 2455) vs non-sarcopenic obese subjects
(n = 2198); sarcopenic non-obese (n = 2004) vs
non-sarcopenic non-obese subjects (n = 8475)
Hashimoto et Diabetic men with NAFLD (n = 58) vs
al[27], 2016
controls (n = 21), and diabetic women with
NAFLD (n = 39) vs controls (n = 27)

Race/
ethnicity

NAFLD
assessment

Skeletal muscle
mass assessment

Korean

LAI

Korean

Liver biopsy,
Fibroscan

Korean

For NAFLD:
HSI, CNS
For fibrosis:
BARD, FIB-4

DXA:
-SMI = SMM/
weight (%)
BIA:
-ASM (kg)
-ASM/weight (%)
-ASM/BMI
DXA:

Japanese

CAP
FIB-4

Moon et al[28],
2013

Low FLI group (men = 1641, and women, n
= 1180) vs intermediate FLI group (men, n =
2600, and women, n = 2296) vs high FLI group
(men, n = 1052, and women, n = 796)

Korean

FLI

Kim et al[29],
2016

FLI ≥ 60 group (men, n = 208, and women, n
= 181) vs FLI < 60 group (men, n = 976, and
women, n = 2374)

Korean

FLI

Lee et al[30],
2016

Men (n = 1241) and women (n = 1520) with
NFLS-based NAFLD divided into two
groups: sarcopenic subjects (n = 337) v. nonsarcopenic subjects (n = 2424)

Korean

For NAFLD:
NLFS,
CNS,HSI;
For fibrosis:
NFS, FIB-4,
Forns index
FLI

Poggiogalle et Obese men (n = 81) and women (n = 346)
al[31], 2016
divided into 2 groups: FLI 20 ≤ FLI < 60 (n
= 61) and FLI ≥ 60 (n = 359) (FLI ≤ 20 in 7
subjects only, excluded from the analysis)

Caucasian
(Italian)

-ASMI = ASM/
weight (%)
BIA:
-SMM (kg)
-SMI = SMM/
weight (%)
BIA:
-SMI = SMM/
weight (%)
-SVR = SMM/VFA

DXA:
-ASM (kg)
-SMI = ASM/
weight (%)
DXA:

-SI = ASM/BMI

Main findings:
skeletal muscle
Increased ORs of NAFLD in individuals
with SMI value in the lower quartiles
Lower ASM (%) and ASM/BMI in
NAFLD and NASH than controls; higher
prevalence of sarcopenia in NAFLD and
NASH groups than control group
Inverse correlation between all indices
of NAFLD and SMI
Increased ORs of NAFLD and advanced
fibrosis in subjects with sarcopenia
Negative association between CAP and
SMI in men; no significant association in
women
Lower SMI in the high FLI group and
the intermediate FLI group than the low
FLI group. Negative correlation between
FLI and SMI, and between FLI and SVR.
The highest SVR quartile had a lower
OR for FLI ≥ 60
Lower SMI in the high FLI group than
the low FLI group in both genders.
Increased ORs for FLI-defined NAFLD
in men and women with low SMI
Higher NFS, FIB-4, and Forns index
in the sarcopenic group that the nonsarcopenic group; negative association
of SI with NFS, FIB-4, and Forns index

DXA:
Positive association between FLI and
-TrFM/ASM ratio TrFM/ASM ratio (indicating high
visceral adiposity and low appendicular
muscularity)

ASM: Appendicular skeletal mass; ASMI: Appendicular skeletal mass index; BMI: Body mass index; CAP: Controlled attenuation parameter; CNS:
Comprehensive NAFLD score; CT: Computed tomography; FLI: Fatty liver index; HIS: Hepatic steatosis index; LAI: Liver attenuation index; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; NFS: NAFLD fibrosis score; SI: Sarcopenia index; NLFS: NAFLD liver fat score; SMI:
Skeletal muscle index; SMM: Skeletal muscle mass; SVR: Skeletal muscle to visceral fat ratio; TrFM: Truncal fat mass; VFA: Visceral fat area.
[45]
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[46]

both genders . Cianfarani et al
found that IGF1
levels were associated with NAFLD activity score and
histological patterns in obese children with biopsyproven NAFLD. A recent study by Cabrera and coll.
shed light on the underlying mechanisms linking IGF1,
[47]
NAFLD and sarcopenia . In mice NAFLD was induced
by an American Lifestyle-Induced Obesity Syndrome
(ALIOS) diet model, based on a Western dietary
pattern combined to fructose excess. Muscle fiber size
and muscle strength, as well as IGF1 levels decreased
in animals with diet-induced NAFLD. Interestingly,
the phenotypic aspects of sarcopenia were observed
prior to the development of liver fibrosis, indicating
that they could occur in early stages of NAFLD natural
[47]
history .

found that IGF1 levels and IGF1-standard deviation
score (SDS) values were lower in Japanese subjects
with NAFLD at the histological examination when
compared to controls; moreover, IGF1-SDS values
were associated with the histological severity of
NAFLD, independent of insulin resistance. Similarly,
[42]
in a large population- based study, Völzke et al
described an association between low IGF1 and IGF1/
IGFBP3 ratio and liver hyperechogenicity, independent
of BMI and diabetes. Though the prevalence of hepatic
steatosis, and the deterioration of lean body mass
[7,8]
and BMD tend to increase with age , paralleling the
somatopause, the GH/IGF1 axis affects the liver, the
skeletal muscle and bone health even in earlier stages
of life. In fact, IGF1 is known to stimulate longitudinal
[43]
bone growth , and recently an analogous action has
[44]
been attributed also to GH, independent of IGF1 . A
robust correlation between IGF1 levels and bone mass
has been shown to occur in early pubertal stages in

Vitamin D deficiency

Vitamin D deficiency has been postulated to play a role
in the pathogenesis of NAFLD. Two recent quantitative
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meta-analysis (including twenty-three and nine
studies, respectively) concluded that 25(OH)D levels
were lower in subjects with NAFLD or NASH than in
[48,49]
individuals without fatty liver
. If cross-sectional
studies support the potential influence of vitamin D
[50]
status on NAFLD , limited evidence exists proving
the effectiveness of vitamin D supplementation in
[51,52]
NAFLD patients
. However, findings from animal
models revealed that vitamin D interferes with the
activation of hepatic stellate cell, which are responsible
for collagen deposition and extracellular matrix
[53]
remodeling, leading to fibrosis . Vitamin D seems
[53]
to inhibit hepatic stellate cell proliferation , and
clinical trials are needed to demonstrate that vitamin
D supplementation could slow down the progression
from NAFLD to NASH. Vitamin D is well known to exert
pleiotropic effects. Vitamin D plays a relevant role in
bone homeostasis: vitamin D deficiency determines
secondary hyperparathyroidism and accelerated bone
[54]
turnover . Inadequate vitamin D levels have been
reported in subjects with osteoporosis, even if only
modest beneficial effects of vitamin D supplementation
[55]
have been shown in fracture prevention . In the
last years mounting interest has been addressed to
vitamin D action in skeletal muscle. Reduced vitamin D
levels have been associated with sarcopenia, disability,
[56,57]
and falls in the elderly
. In adults with vitamin
D deficiency, histological alterations in muscle fiber
[58]
composition and diameter have been described . In
disagreement with the above mentioned data, among
the studies included in the present review, Hong et
[6]
al found no significant association between 25(OH)D
levels and skeletal muscle index or liver attenuation
index in Korean men and women. Methodological
issues exist in the studies which explored vitamin D
status, especially related to seasonality, variability in
sun exposure, coexistence of obesity and physical
inactivity. The presence of these potential confounders
limits the interpretation of the available data.

liver disease; low serum osteocalcin levels have been
related to NAFLD. In a case-control study, Yilmaz
and coworkers found that osteocalcin was inversely
[63]
associated with histological features of NAFLD .
Moreover, this inverse association linking osteocalcin
and NAFLD has been also reported in male and female
[64-66]
participants with normal bone mineral density
. In
an experimental model of diet- induced NAFLD, the
administration of osteocalcin was demonstrated to be
effective in reversing metabolic changes and reducing
markedly hepatic triglyceride content, suggesting a
[67]
protective role of osteocalcin in NAFLD development .
Interestingly, osteocalcin has been shown to play a
crucial role also in the inter-organ cross-talk between
the skeleton and skeletal muscle. Osteocalcin signaling
in myofibers seems to be an important mediator
[68]
of metabolic adaptive mechanisms to exercise .
In addition, recently Mera and coll. showed that in
mice exogenous osteocalcin administration promoted
protein synthesis in myotubes, preventing the age[69]
related muscle loss . Further evidence is required
to establish if osteocalcin may represent a suitable
candidate for counteracting muscle wasting and liver
fat infiltration.

Insulin resistance

NAFLD is known to be the hepatic manifestation of the
metabolic syndrome, due to the remarkable effects
of insulin resistance in the pathogenesis of hepatic
[70]
steatosis . Intrahepatic lipid accumulation has been
related to the deterioration of insulin sensitivity at the
[71]
level of liver, skeletal muscle, and adipose tissue .
Furthermore, the presence of NAFLD predicts the
risk of developing type 2 diabetes, independent of
[72]
age and obesity . Furthermore, insulin resistance
is a key factor also in anabolic processes taking
place in the skeletal muscle and bone. The skeletal
[73]
muscle is the major target tissue of insulin action .
On one hand, insulin resistance interferes with the
effectiveness of protein synthesis, leading to the age[74]
related reduction of lean body mass . In nondiabetic
[75]
elderly subjects, Guillet et al
reported that insulin
ability to counteract whole body protein break down
was decreased. On the other hand, the presence of
reduced lean mass can further favor the development
[74]
of insulin resistance . In vitro and in vivo studies
demonstrated that insulin plays an important role
in bone homeostasis. Insulin promotes osteoblast
proliferation and differentiation, the generation of
anabolic signals and collagen synthesis, influencing
microarchitecture and mechanical properties of
[76]
bone . A complex connection exists between bone
metabolism and insulin resistance, with the frequent
overlap of insulin resistance and excess adiposity
being the major confounding factor. Due to the
increased mechanical load on the skeleton, obesity
appeared to confer protection against bone mass
deterioration. In addition, bone turnover seemed to

Osteocalcin

Osteocalcin is a bone-derived hormone, mainly pro
duced by the osteoblasts, and is a non-collagenous
matrix protein. Osteocalcin is considered as a serum
biomarker of bone formation. In a number of studies
a negative association has been described between
serum osteocalcin levels and decreased bone mineral
[59,60]
density in postmenopausal women
. Emerging
evidence from animal and human studies unveiled
that osteocalcin is involved in many homeostatic
mechanisms other than those specific for bone
[61,62]
health
. Notably, osteocalcin is able to interfere with
energy and glucose metabolism, modulating pancreatic
beta-cell activity. Undercarboxylated osteocalcin is the
active isoform of the hormone, responsible for inducing
insulin secretion and favoring insulin sensitivity in
[61,62]
skeletal muscle and adipose tissue
. Accumulating
evidence suggests that osteocalcin is also involved in
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be lower in subjects with the metabolic syndrome and
[77]
type 2 diabetes . Even if evidence is not conclusive,
[78]
especially for the prevention of fragility fractures ,
this assumption has been weakened by a number of
studies in which the relationship between metabolic
syndrome and bone outcomes, such as bone strength
or areal BMD, became negative in models adjusted
[79]
for BMI . In fact, several studies reported a negative
association between insulin resistance and bone
mineral density as well as bone strength indices and
[80-82]
markers of bone formation
. Novel findings from
animal studies unveiled that bone represents a site
of insulin resistance, and osteoblasts are primarily
involved in insulin signaling in bone. In more detail,
in mice fed a high-fat diet, insulin resistance in
osteoblasts was responsible for the reduced production
of osteocalcin, which in turn affected detrimentally
[83,84]
whole body insulin sensitivity
. Furthermore, in
a model of high-fat diet induced obesity in rats, the
development of insulin resistance led to reduced
osteoblast proliferation and differentiation, and
increased osteoblast apoptosis, resulting in decreased
[85]
jaw bone density .

loss. Interestingly, mounting evidence supports an
exercise effect and a physical fitness role per se in the
[96]
pathophysiology of NAFLD . In fact, based on pooled
data from six studies, a recent meta-analysis revealed
that exercise alone (vs non-exercise control, without
any dietary intervention) was sufficient to determine
a significant decrease of the intrahepatic lipid content,
even in the absence of weight change, or minimal
[97]
weight loss .
Physical inactivity represents also a well- established
risk factor for both sarcopenia and osteoporosis. The
lack of physical activity favors the decline of lean
body mass, triggering a vicious cycle leading to both
[98]
progressive inactivity and sarcopenia . Similarly,
physical activity is recognized as a relevant factor
[99,100]
in promoting bone health across the lifespan
.
According to the mechanostat theory, bone and skeletal
muscle are connected by mechanical interactions. In
the last years, skeletal muscle and bone have been
demonstrated to act as endocrine organs, producing
several factors responsible for this intriguing inter-organ
[101]
cross-talk .
Among a number of factors involved in the above
mentioned interplay, irisin is a recently described
hormone- like myokine. Plasma irisin levels increase
in response to exercise; moreover, irisin is able to
increase energy expenditure. Irisin autocrinally
modulates some metabolic functions in the skeletal
muscle, and it also exerts endocrine effects on
adipocytes and osteoblasts. In fact irisin can induce
browning of white adipose tissue, and can regulate
the expression of osteogenic genes as well as it is able
[102]
to induce differentiation of osteoblasts
. Zhang et
[103]
al
reported that circulating irisin was negatively
associated with intrahepatic triglyceride content in
Chinese obese adults with NAFLD, independent of
other metabolic factors. Due to the pleiotropic effects
on energy metabolism, glucose homeostasis, insulin
resistance, and obesity, irisin may represent a pivotal
mediator in the complex communication among the
[104,105]
liver, skeletal muscle and bone
.

Chronic inflammation

A proinflammatory milieu represents another
common soil favoring the development of the three
conditions examined in the present review. Systemic
inflammation is one of the major actors in the
[86]
progression from NAFLD to NASH . Liver resident
cells, like hepatic stellate cells, Kupffer cells, and
dendritic cells, generate pro-inflammatory signals
[86]
involved in the cascade leading to cell death . In
addition, tumor necrosis factor-alpha (TNF-a) is
another relevant mediator and inducer of hepatocyte
[87]
death . Also in aged skeletal muscle, TNF-alpha
signaling is involved in the activation of apoptosis,
[88]
leading to muscle fiber loss and sarcopenia . Though
the role of proinflammatory cytokines, IL-6, in protein
[89,90]
breakdown in skeletal muscle is controversial
,
epidemiological evidence underpins the relationship
between chronic low-grade inflammation and age[91]
related sarcopenia . The interplay between TNFalpha and the RANKL/RANK/osteoprotegerin system
is crucial for the modulation of osteoclast activity and
[92]
bone resorption and remodeling . Recently, reduced
osteoprotegerin levels have been described in NAFLD,
[93,94]
independent of potential confounders
. Taken
together, these observation emphasize the connections
linking immune response, inflammation, and bone
physiology to NAFLD.

CONCLUSION
Emerging evidence supports the crucial role played
by new contributors in the pathogenesis of NAFLD
in a complex inter-organ communication, widening
the classic paradigm centered on insulin resistance
and excess fat. In this emerging perspective, fatfree tissues like bone and skeletal muscle appear to
be relevant actors. Though the novel findings are
fascinating, the roles of fat-free tissues, independent
of obesity and classic risk factors for NAFLD, need to
be further investigated. More rigorous methods for the
diagnosis of NAFLD and sarcopenia should be used.
The extant evidence needs to be confirmed in different
races and ethnicities, and further research should be
prompted in order to narrow the gap in the literature,
especially with regard to the connection between

Physical inactivity

Sedentariness is a well- known risk factor for weight
gain and the consequences related to excess fat,
[95]
including the onset of fatty liver . Indeed, lifestyle
interventions, combining dietary interventions and
physical activity, have been demonstrated to be
beneficial in terms of liver fat reduction, due to weight
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NAFLD and skeletal muscle in the early stages of the
aging process.
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Abstract

Chang-zhen Zhu, Dong Liu, Wei-ming Kang, Jian-chun
Yu, Zhi-qiang Ma, Xin Ye, Kang Li, Department of General
Surgery, Peking Union Medical College Hospital, Chinese
Academy of Medical Science and Peking Union Medical College,
Beijing 100730, China

Ghrelin, as a kind of multifunctional protein polypeptide,
is mainly produced in the fundus of the stomach and can
promote occurrence and development of many tumors,
including gastrointestinal tumors, which has been
proved by the relevant researches. Most gastrointestinal
stromal tumors (GISTs, about 80%), as the most
common mesenchymal tumor, also develop in the
fundus. Scientific research has confirmed that ghrelin,
its receptors and mRNA respectively can be found in
GISTs, which demonstrated the existence of a ghrelin
autocrine/paracrine loop in GIST tissues. However, no
reports to date have specified the mechanism whether
ghrelin can promote the occurrence and development
of GISTs. Studies of pulmonary artery endothelial cells
in a low-oxygen environment and cardiac muscle cells
in an ischemic environment have shown that ghrelin
can activate the phosphatidylinositol 3-kinase/AKT/
mammalian target of rapamycin (PI3K/AKT/mTOR)
signaling pathway. Moreover, some studies of GISTs
have confirmed that activation of the PI3K/AKT/
mTOR pathway can indeed promote the growth and
progression of GISTs. Whether ghrelin is involved in the
development or progression of GISTs through certain
pathways remains unknown. Can we find a new target
for the treatment of GISTs? This review explores and
summaries the relationship among ghrelin, the PI3K/
AKT/mTOR pathway and the development of GISTs.
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Core tip: Ghrelin has been proven to promote the
occurrence and development of gastrointestinal
tumors. Some gastrointestinal stromal tumors (GISTs)
express ghrelin and its receptors. However, no previous
reports have specified whether ghrelin is involved in
the occurrence and development of GISTs. Through
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[9-11]

cancer, and are able to promote tumor growth
.
The Cajal cells from which GISTs arise both produce
[12]
ghrelin and express the ghrelin receptor . Whether
ghrelin is involved in the development or progression
of GISTs through certain pathways remains unknown.
Can we find a new target for the treatment of GISTs?
We herein review the relevant literature on this topic.

a review of the literature, this paper is the first to
summarize and discuss the correlation between ghrelin
and GISTs.
Zhu CZ, Liu D, Kang WM, Yu JC, Ma ZQ, Ye X, Li K. Ghrelin
and gastrointestinal stromal tumors. World J Gastroenterol 2017;
23(10): 1758-1763 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1758.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1758

GHRELIN
Ghrelin is a 28-amino-acid peptide that also exists
[13-15]
as des-Gln(14)-ghrelin
. Ghrelin is currently
considered to be the main endogenous ligand of
[16]
growth receptors . The ghrelin coding gene is located
[17]
on chromosome 3 (3p25-26) .
Approximately 80% of ghrelin in serum is pro
duced by cells at the base of the stomach (“A-Xlike” cells), most of which are distributed in acid[18]
secreting glands . These “A-X-like” cells constitute
[19]
approximately 20% of gastric endocrine cells .
Ghrelin is also secreted by the hypothalamus, pi
[20]
[21]
tuitary gland, kidneys , placenta , intestinal tract,
[22]
[13]
[23]
thyroid , heart , Leydig cells , neutrophils,
[24,25]
[26,27]
lungs
, and ovarian tissues
.
Some of the many functions of ghrelin include
regulation of growth hormone secretion, energy ba
lance, gastrointestinal motility, gastric acid secretion,
cardiovascular activity, pancreatic hormone secretion,
glucose metabolism, prolactin and adrenocorticotropic
[15,23]
hormone secretion, sleep
, and gonadal hor
[9-11]
mone secretion. Several studies
have shown that
ghrelin can promote the development of malignant
tumors through a variety of signaling pathways that
increase cell proliferation and metastasis, including the
phosphatidylinositol 3-kinase/AKT/mammalian target
of rapamycin (PI3K/AKT/mTOR), Ras/RAF/extracellular
signal-regulated kinases (ERK1/2), Janus kinase/signal
transducers and activators of transcription (JAK/STAT),
and Src kinase pathways.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) originate
from pacemaker cells (interstitial cells of Cajal, or
Cajal cells). They are the most common mesenchymal
tumors in the gastrointestinal tract, with an annual
incidence of approximately 10-20 per million. Although
GISTs can occur in any part of the digestive tract,
about 70% are found in the stomach, 10%-25% in
[1]
the small intestine , and a small percentage in the
rectum. However, GISTs rarely affect the esophagus or
[2]
colon .
GISTs result from acquired functional changes
caused by mutations in the KIT and PDGFRA genes
located on chromosome 4q12. These mutations result
in expression of activated forms of the protein products
[c-KIT, which is a receptor tyrosine kinase (RTK), and
platelet-derived growth factor receptor-α (PDGFRA)],
leading to inhibition of apoptosis, activation of cell
[3,4]
proliferation, and promotion of tumorigenesis .
At present, treatment strategies for GISTs mainly
focused on the KIT and PDGFRA genes and their
RTK products. Although introduction of the c-KIT and
®
PDGFRA inhibitor imatinib (Gleevec ) has greatly
improved treatment efficacy, the median progressionfree survival time of patients with GISTs is only about
2 years. The incidence of secondary (acquired) drug
resistance within the first 2 years of imatinib treatment
[5]
is approximately 40%-50% . Patients who display
primary resistance to first-line therapy with imatinib
can be treated with the multiple-kinase inhibitor
[6]
sunitinib malate . However, one trial revealed that the
objective response rate to sunitinib malate was only
65% (7% partial response and 58% stable disease
[7]
without progression) . Moreover, the clinical effect is
short and drug resistance soon appears. Therefore,
although there are many advantages in the current
targeted therapies for GISTs, there are also drawbacks,
highlighting the urgent need for new ways to treat
GISTs.
Clinical observations indicate that most GISTs
originate at the base of the stomach, which is also
the main secretion site of gastric ghrelin. As described
in the following sections, ghrelin is a protein with a
[8]
variety of functions . Ghrelin receptors are expressed
in several types of tumors, including gastric and colon

WJG|www.wjgnet.com

GISTs EXPRESS GHRELIN AND GHRELIN
RECEPTORS
To the best of our knowledge, the only study that has
examined the expression of ghrelin and its receptors
[28]
in GIST tissues is a Japanese study in which ghrelin,
ghrelin receptors, and their respective mRNA were
detected in all 17 GIST tissues examined, although
the extent of ghrelin and ghrelin receptor expression
differed in each GIST tissue. The study demonstrated
the existence of a ghrelin autocrine/paracrine loop in
GIST tissues, suggesting that ghrelin may play a role
in the occurrence and development of GISTs.
[28]
In contrast, the same study found no statistically
significant differences between positive ghrelin
expression and tumor location (P = 0.426), tumor
size (P = 0.590), KIT genotype (P = 0.935), a mitotic
number of > 5 (P = 0.210), a Ki67 index of < 5 (P
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Figure 1 PI3K/AKT/mTOR pathway and inhibitors in clinical development[29]. Solid lines represent activating actions, and dotted lines represent inhibitory actions.
4EBP1: 4E-binding protein 1; PKB: Protein kinase B; ERK: Extracellular signal-related kinase; IRS1: Insulin receptor substrate 1; MEK: Mitogen-activated protein/ERK
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enriched in brain; rpS6: Ribosomal protein S6; RTK: Receptor tyrosine kinase; S6K: Ribosomal S6 kinase; TSC1/2: Tuberous sclerosis protein.

= 0.659), or risk of stromal tumor recurrence (P =
0.420). Additionally, ghrelin receptor expression was
not correlated with the tumor grade (P = 0.208), Ki67
index (P = 0.717), mitotic count (P = 0.264), tumor
location (P = 0.392), tumor size (P = 1), or tumor
morphological type (P = 0.223). However, because the
study sample was small (17 cases), the significance of
these results remains unclear.

(figure 1). Phosphorylation of the RTK recruits PI3K
to the inner surface of the cell membrane, where it
catalyzes the phosphorylation of phosphatidylinositol
(4,5)-bisphosphate (PIP2) to phosphatidylinositol
(3,4,5)-trisphosphate (PIP3). This reaction is reversed
by phosphatase and tensin homolog (PTEN), which
[32]
dephosphorylates PIP3 to PIP2 . Generation of PIP3
promotes translocation of the serine/threonine protein
kinase AKT to the plasma membrane, and activated
AKT indirectly leads to the accumulation of the Ras
[33]
homology protein Rheb and activation of mTORC1 .
mTORC1 then activates the downstream kinases S6
kinase 1 (S6K1) and S6K2, which stimulate protein
[34-36]
synthesis, cell survival, and growth signal release
.
This pathway is essential for the continued growth of
tumors and it is therefore being intensely investigated
as a source of new therapeutic strategies for GISTs.
The PI3K/AKT/mTOR signaling pathway is blocked
by a number of inhibitors. Rapamycin derivatives
such as temsirolimus, the first clinically applied
inhibitor, mainly inhibit mTORC1. Dual inhibitors such
as GDC-0980, BEZ235, and SF1126 inhibit PI3K
[37]
and mTORC1/2 , whereas BKM120 and GDC-0941
[38]
specifically inhibit PI3K but not mTOR . In addition,
Alkyl phosphoric acid choline compound can effectively
[39,40]
inhibit AKT
.
Studies have indicated that loss of the PTEN
gene and dysregulation of the PI3K/ATK/mTOR sig
naling pathway may play an important role in the
progression and drug resistance of GISTs. In cells

ROLE OF PI3K/AKT/mTOR PATHWAY IN
GISTs
RTKs such as c-KIT and PDGFRA can activate a
variety of intracellular signaling pathways, such as
PI3K/AKT/mTOR, Ras/RAF/ERK, JAK/STAT, and Src
kinases, which can in turn activate signaling axes
downstream of c-KIT. These RTKs are therefore key
factors in the treatment of GISTs, especially refractory
[29]
GISTs . PI3K/AKT/mTOR pathway activation is
associated with the development and invasion of a
[9-11]
number of tumors
. Indeed, c-KIT activation via
autophosphorylation leads to excessive activation of
PI3K/AKT/mTOR, which promotes the development
[29,30]
and progression of GISTs
. Thus, blocking excessive
activation of this signaling pathway may provide a new
therapeutic strategy for GISTs.
The PI3K/AKT/mTOR signaling pathway regulates
cell growth, proliferation, and differentiation. The
[31]
initiating signal molecule, PI3K , can be activated by
RTKs, G protein-coupled receptors, and oncogenic Ras
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Figure 2 Specific mechanism of ghrelin involved in the protection of pulmonary artery endothelial cells and activation of the PI3K/AKT/mTOR pathway
in human pulmonary artery endothelial cells[44-47]. Solid lines represent activating actions, and dotted lines represent inhibitory actions. PIP2: Phosphatidylinositol
4,5-bisphosphate; PIP3: Phosphatidylinositol 3,4,5-trisphosphate.

with absent or low-level expression of PTEN, tumor
[41]
progression is more rapid . PTEN gene silencing also
leads to abnormal activation of the PI3K/AKT/mTOR
[42]
pathway .
The expression of mTOR and phosphorylated mTOR
is much higher in GISTs measuring > 5 cm in diameter
with a medium to high risk of recurrence than in GISTs
measuring < 5 cm in diameter with a low or very low
[43]
recurrence risk . However, few reports have focused
on the role of mTOR in the pathogenesis of GISTs.
Collectively, these studies indicate that RTKtargeted therapy can benefit about 85% patients with
GISTs, but drug resistance is a major hindrance to its
application. The PI3K/ATK/mTOR pathway is believed
to be an important pathway for the development
and progression of GISTs, suggesting that signaling
molecules in this pathway may be useful targets for
the development of novel therapies.

survival rate of adipose-derived mesenchymal stem
cells and pulmonary artery endothelial cells exposed
to hypoxia. Western blot analysis showed that ghrelin
reduced expression of the pro-apoptotic protein
Bax, increased the level of the anti-apoptotic protein
Bcl-2, and significantly increased phosphorylation
[44,45]
of AKT and mTOR
. The PI3K inhibitor LY294002
suppressed phosphorylation events, indicating that
ghrelin activates the PI3K/AKT/mTOR pathway
through phosphorylation. Two other studies, one
examined the modulatory effect of ghrelin on gastric
mucosal prostaglandin and nitric oxide and another
examined gastric mucosal inflammatory responses to
Helicobacter pylori, also showed that ghrelin activates
[46,47]
the PI3K/AKT/mTOR pathway in different ways
(figure 2). Whether ghrelin promotes the develop
ment and progression of GISTs through this or other
mechanisms remains unclear.

CONCLUSION

GHRELIN ACTIVATES PI3K/ATK/mTOR
PATHWAY

GISTs express ghrelin and ghrelin receptors. Ghrelin
can activate the PI3K/ATK/mTOR signaling pathway in
cardiac muscle cells and pulmonary artery endothelial
cells, which plays an important role in the occurrence
and development of GISTs. It is possible that ghrelin
may promote GISTs by activating this pathway.
However, this remains to be fully elucidated.

Ghrelin activates the PI3K/AKT/mTOR pathway
through phosphorylation of AKT and mTOR. Two
studies respectively investigated the protective effects
of ghrelin on pulmonary artery endothelial cells in a
low-oxygen environment and on cardiac muscle cells
[44,45]
in an ischemic environment
and found that ghrelin
could promote myocardial cell proliferation, inhibited
apoptosis, reduced myocardial fibrosis, improved
cardiac function, and significantly increased the

WJG|www.wjgnet.com

REFERENCES
1

1761

Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J, Longley

March 14, 2017|Volume 23|Issue 10|

Zhu CZ et al . Ghrelin/GIST/PI3K/AKT/mTOR pathway

2

3

4

5

6

7

8
9

10
11
12

13
14
15

16

BJ, Miettinen M, O’Leary TJ, Remotti H, Rubin BP, Shmookler B,
Sobin LH, Weiss SW. Diagnosis of gastrointestinal stromal tumors:
A consensus approach. Hum Pathol 2002; 33: 459-465 [PMID:
12094370 DOI: 10.1053/hupa.2002.123545]
Dematteo RP, Ballman KV, Antonescu CR, Maki RG, Pisters
PW, Demetri GD, Blackstein ME, Blanke CD, von Mehren M,
Brennan MF, Patel S, McCarter MD, Polikoff JA, Tan BR, Owzar
K; American College of Surgeons Oncology Group (ACOSOG)
Intergroup Adjuvant GIST Study Team. Adjuvant imatinib
mesylate after resection of localised, primary gastrointestinal
stromal tumour: a randomised, double-blind, placebo-controlled
trial. Lancet 2009; 373: 1097-1104 [PMID: 19303137 DOI:
10.1016/S0140-6736(09)60500-6]
Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida
T, Ishiguro S, Kawano K, Hanada M, Kurata A, Takeda M,
Muhammad Tunio G, Matsuzawa Y, Kanakura Y, Shinomura
Y, Kitamura Y. Gain-of-function mutations of c-kit in human
gastrointestinal stromal tumors. Science 1998; 279: 577-580
[PMID: 9438854]
Hirota S, Ohashi A, Nishida T, Isozaki K, Kinoshita K, Shinomura
Y, Kitamura Y. Gain-of-function mutations of platelet-derived
growth factor receptor alpha gene in gastrointestinal stromal
tumors. Gastroenterology 2003; 125: 660-667 [PMID: 12949711
DOI: 10.1016/S0016-5085(03)01046-1]
Gramza AW, Corless CL, Heinrich MC. Resistance to Tyrosine
Kinase Inhibitors in Gastrointestinal Stromal Tumors. Clin
Cancer Res 2009; 15: 7510-7518 [PMID: 20008851 DOI:
10.1158/1078-0432.CCR-09-0190]
Goodman VL, Rock EP, Dagher R, Ramchandani RP, Abraham
S, Gobburu JV, Booth BP, Verbois SL, Morse DE, Liang CY,
Chidambaram N, Jiang JX, Tang S, Mahjoob K, Justice R, Pazdur
R. Approval summary: sunitinib for the treatment of imatinib
refractory or intolerant gastrointestinal stromal tumors and advanced
renal cell carcinoma. Clin Cancer Res 2007; 13: 1367-1373 [PMID:
17332278 DOI: 10.1158/1078-0432.CCR-06-2328]
Demetri GD, van Oosterom AT, Garrett CR, Blackstein ME, Shah
MH, Verweij J, McArthur G, Judson IR, Heinrich MC, Morgan
JA, Desai J, Fletcher CD, George S, Bello CL, Huang X, Baum
CM, Casali PG. Efficacy and safety of sunitinib in patients with
advanced gastrointestinal stromal tumour after failure of imatinib:
a randomised controlled trial. Lancet 2006; 368: 1329-1338 [PMID:
17046465 DOI: 10.1016/S0140-6736(06)69446-4]
De Ambrogi M, Volpe S, Tamanini C. Ghrelin: central and
peripheral effects of a novel peptydil hormone. Med Sci Monit
2003; 9: RA217-RA224 [PMID: 12960936]
Chopin L, Walpole C, Seim I, Cunningham P, Murray R,
Whiteside E, Josh P, Herington A. Ghrelin and cancer. Mol Cell
Endocrinol 2011; 340: 65-69 [PMID: 21616120 DOI: 10.1016/
j.mce.2011.04.013]
Nikolopoulos D, Theocharis S, Kouraklis G. Ghrelin: a potential
therapeutic target for cancer. Regul Pept 2010; 163: 7-17 [PMID:
20382189 DOI: 10.1016/j.regpep.2010.03.011]
Nikolopoulos D, Theocharis S, Kouraklis G. Ghrelin’s role on
gastrointestinal tract cancer. Surg Oncol 2010; 19: e2-e10 [PMID:
19328680 DOI: 10.1016/j.suronc.2009.02.011]
Yang CG, Liao ZF, Qiu WC, Yan J, Wang ZG. Function of ghrelin
and ghrelin receptors in the network regulation of gastric motility.
Mol Med Rep 2014; 10: 2453-2458 [PMID: 25230765 DOI:
10.3892/mmr.2014.2571]
Casanueva FF, Dieguez C. Ghrelin: the link connecting growth
with metabolism and energy homeostasis. Rev Endocr Metab
Disord 2002; 3: 325-338 [PMID: 12424434]
Tschöp M, Smiley DL, Heiman ML. Ghrelin induces adiposity
in rodents. Nature 2000; 407: 908-913 [PMID: 11057670 DOI:
10.1038/35038090]
Muccioli G, Tschöp M, Papotti M, Deghenghi R, Heiman M,
Ghigo E. Neuroendocrine and peripheral activities of ghrelin:
implications in metabolism and obesity. Eur J Pharmacol 2002;
440: 235-254 [PMID: 12007539]
Beaumont NJ, Skinner VO, Tan TM, Ramesh BS, Byrne DJ,

WJG|www.wjgnet.com

17

18

19

20

21

22

23

24

25
26

27

28

29
30

1762

MacColl GS, Keen JN, Bouloux PM, Mikhailidis DP, Bruckdorfer
KR, Vanderpump MP, Srai KS. Ghrelin can bind to a species
of high density lipoprotein associated with paraoxonase. J Biol
Chem 2003; 278: 8877-8880 [PMID: 12531885 DOI: 10.1074/jbc.
C200575200]
Hosoda H, Kojima M, Matsuo H, Kangawa K. Ghrelin and
des-acyl ghrelin: two major forms of rat ghrelin peptide in
gastrointestinal tissue. Biochem Biophys Res Commun 2000; 279:
909-913 [PMID: 11162448 DOI: 10.1006/bbrc.2000.4039]
Date Y, Kojima M, Hosoda H, Sawaguchi A, Mondal MS,
Suganuma T, Matsukura S, Kangawa K, Nakazato M. Ghrelin, a
novel growth hormone-releasing acylated peptide, is synthesized
in a distinct endocrine cell type in the gastrointestinal tracts of
rats and humans. Endocrinology 2000; 141: 4255-4261 [PMID:
11089560 DOI: 10.1210/endo.141.11.7757]
Rindi G, Necchi V, Savio A, Torsello A, Zoli M, Locatelli V,
Raimondo F, Cocchi D, Solcia E. Characterisation of gastric
ghrelin cells in man and other mammals: studies in adult and fetal
tissues. Histochem Cell Biol 2002; 117: 511-519 [PMID: 12107501
DOI: 10.1007/s00418-002-0415-1]
Mori K, Yoshimoto A, Takaya K, Hosoda K, Ariyasu H, Yahata K,
Mukoyama M, Sugawara A, Hosoda H, Kojima M, Kangawa K,
Nakao K. Kidney produces a novel acylated peptide, ghrelin. FEBS
Lett 2000; 486: 213-216 [PMID: 11119706]
Horvath TL, Diano S, Sotonyi P, Heiman M, Tschöp M.
Minireview: ghrelin and the regulation of energy balance--a
hypothalamic perspective. Endocrinology 2001; 142: 4163-4169
[PMID: 11564668 DOI: 10.1210/endo.142.10.8490]
Kanamoto N, Akamizu T, Hosoda H, Hataya Y, Ariyasu H,
Takaya K, Hosoda K, Saijo M, Moriyama K, Shimatsu A, Kojima
M, Kangawa K, Nakao K. Substantial production of ghrelin by a
human medullary thyroid carcinoma cell line. J Clin Endocrinol
Metab 2001; 86: 4984-4990 [PMID: 11600575 DOI: 10.1210/
jcem.86.10.7891]
Barreiro ML, Gaytán F, Caminos JE, Pinilla L, Casanueva FF,
Aguilar E, Diéguez C, Tena-Sempere M. Cellular location and
hormonal regulation of ghrelin expression in rat testis. Biol Reprod
2002; 67: 1768-1776 [PMID: 12444052]
Volante M, Allìa E, Gugliotta P, Funaro A, Broglio F, Deghenghi
R, Muccioli G, Ghigo E, Papotti M. Expression of ghrelin and of
the GH secretagogue receptor by pancreatic islet cells and related
endocrine tumors. J Clin Endocrinol Metab 2002; 87: 1300-1308
[PMID: 11889202 DOI: 10.1210/jcem.87.3.8279]
Volante M, Fulcheri E, Allìa E, Cerrato M, Pucci A, Papotti
M. Ghrelin expression in fetal, infant, and adult human lung. J
Histochem Cytochem 2002; 50: 1013-1021 [PMID: 12133904]
Gaytan F, Barreiro ML, Chopin LK, Herington AC, Morales C,
Pinilla L, Casanueva FF, Aguilar E, Diéguez C, Tena-Sempere
M. Immunolocalization of ghrelin and its functional receptor,
the type 1a growth hormone secretagogue receptor, in the cyclic
human ovary. J Clin Endocrinol Metab 2003; 88: 879-887 [PMID:
12574228 DOI: 10.1210/jc.2002-021196]
Korbonits M, Bustin SA, Kojima M, Jordan S, Adams EF, Lowe
DG, Kangawa K, Grossman AB. The expression of the growth
hormone secretagogue receptor ligand ghrelin in normal and
abnormal human pituitary and other neuroendocrine tumors. J
Clin Endocrinol Metab 2001; 86: 881-887 [PMID: 11158061 DOI:
10.1210/jcem.86.2.7190]
Ekeblad S, Nilsson B, Lejonklou MH, Johansson T, Stålberg P,
Nilsson O, Ahlman H, Skogseid B. Gastrointestinal stromal tumors
express the orexigen ghrelin. Endocr Relat Cancer 2006; 13:
963-970 [PMID: 16954444 DOI: 10.1677/erc.1.01201]
Patel S. Exploring novel therapeutic targets in GIST: focus on the
PI3K/Akt/mTOR pathway. Curr Oncol Rep 2013; 15: 386-395
[PMID: 23605780 DOI: 10.1007/s11912-013-0316-6]
Bauer S, Duensing A, Demetri GD, Fletcher JA. KIT oncogenic
signaling mechanisms in imatinib-resistant gastrointestinal
stromal tumor: PI3-kinase/AKT is a crucial survival pathway.
Oncogene 2007; 26: 7560-7568 [PMID: 17546049 DOI: 10.1038/
sj.onc.1210558]

March 14, 2017|Volume 23|Issue 10|

Zhu CZ et al . Ghrelin/GIST/PI3K/AKT/mTOR pathway
31

32

33
34
35

36

37
38
39

40

Hollander MC, Blumenthal GM, Dennis PA. PTEN loss in the
continuum of common cancers, rare syndromes and mouse models.
Nat Rev Cancer 2011; 11: 289-301 [PMID: 21430697 DOI:
10.1038/nrc3037]
Maehama T, Dixon JE. The tumor suppressor, PTEN/MMAC1,
dephosphorylates the lipid second messenger, phosphatidylinositol
3,4,5-trisphosphate. J Biol Chem 1998; 273: 13375-13378 [PMID:
9593664 DOI: 10.1074/jbc.273.22.13375]
Liu P, Cheng H, Roberts TM, Zhao JJ. Targeting the
phosphoinositide 3-kinase pathway in cancer. Nat Rev Drug Discov
2009; 8: 627-644 [PMID: 19644473 DOI: 10.1038/nrd2926]
Sridharan S, Basu A. S6 kinase 2 promotes breast cancer cell
survival via Akt. Cancer Res 2011; 71: 2590-2599 [PMID:
21427355 DOI: 10.1158/0008-5472.CAN-10-3253]
Pastor MD, García-Yébenes I, Fradejas N, Pérez-Ortiz JM, MoraLee S, Tranque P, Moro MA, Pende M, Calvo S. mTOR/S6 kinase
pathway contributes to astrocyte survival during ischemia. J Biol
Chem 2009; 284: 22067-22078 [PMID: 19535330 DOI: 10.1074/
jbc.M109.033100]
Glantschnig H, Fisher JE, Wesolowski G, Rodan GA, Reszka AA.
M-CSF, TNFalpha and RANK ligand promote osteoclast survival
by signaling through mTOR/S6 kinase. Cell Death Differ 2003; 10:
1165-1177 [PMID: 14502240 DOI: 10.1038/sj.cdd.4401285]
Courtney KD, Corcoran RB, Engelman JA. The PI3K pathway
as drug target in human cancer. J Clin Oncol 2010; 28: 1075-1083
[PMID: 20085938 DOI: 10.1200/JCO.2009.25.3641]
Markman B, Dienstmann R, Tabernero J. Targeting the PI3K/Akt/
mTOR pathway--beyond rapalogs. Oncotarget 2010; 1: 530-543
[PMID: 21317449 DOI: 10.18632/oncotarget.101012]
Conley AP, Araujo D, Ludwig J, Ravi V, Samuels BL, Choi H,
Thall PF, Patel S, Benjamin R, Trent J. A randomized phase II study
of perifosine (P) plus imatinib for patients with imatinib-resistant
gastrointestinal stromal tumor (GIST). J Clin Oncol 2009; 27:
10563 [PMID: 27963814 DOI: 10.1200/jco.2009.27.15s.10563]
Kondapaka SB, Singh SS, Dasmahapatra GP, Sausville EA,

41

42

43
44

45

46

47

Roy KK. Perifosine, a novel alkylphospholipid, inhibits protein
kinase B activation. Mol Cancer Ther 2003; 2: 1093-1103 [PMID:
14617782]
Ricci R, Maggiano N, Castri F, Rinelli A, Murazio M, Pacelli
F, Potenza AE, Vecchio FM, Larocca LM. Role of PTEN in
gastrointestinal stromal tumor progression. Arch Pathol Lab Med
2004; 128: 421-425 [PMID: 15043466 DOI: 10.1043/1543-2165(2
004)128<421:ROPIGS>2.0.CO;2]
Yang J, Ikezoe T, Nishioka C, Takezaki Y, Hanazaki K, Taguchi
T, Yokoyama A. Long-term exposure of gastrointestinal stromal
tumor cells to sunitinib induces epigenetic silencing of the PTEN
gene. Int J Cancer 2012; 130: 959-966 [PMID: 21445973 DOI:
10.1002/ijc.26095]
Li JC, Zhu HY, Chen TX, Zou LY, Wang XY, Zhao HC, Xu J.
Roles of mTOR and p-mTOR in gastrointestinal stromal tumors.
Asian Pac J Cancer Prev 2013; 14: 5925-5928 [PMID: 24289602]
Yang D, Liu Z, Zhang H, Luo Q. Ghrelin protects human
pulmonary artery endothelial cells against hypoxia-induced injury
via PI3-kinase/Akt. Peptides 2013; 42: 112-117 [PMID: 23391508
DOI: 10.1016/j.peptides.2013.01.012]
Han D, Huang W, Ma S, Chen J, Gao L, Liu T, Zhang R, Li X, Li
C, Fan M, Chen Y, Cao F. Ghrelin improves functional survival
of engrafted adipose-derived mesenchymal stem cells in ischemic
heart through PI3K/Akt signaling pathway. Biomed Res Int 2015;
2015: 858349 [PMID: 25879037 DOI: 10.1155/2015/858349]
Slomiany BL, Slomiany A. Induction in gastric mucosal
prostaglandin and nitric oxide by Helicobacter pylori is dependent
on MAPK/ERK-mediated activation of IKK-β and cPLA2:
modulatory effect of ghrelin. Inflammopharmacology 2013; 21:
241-251 [PMID: 23563696 DOI: 10.1007/s10787-013-0169-5]
Slomiany BL, Slomiany A. Modulation of gastric mucosal
inflammatory responses to Helicobacter pylori via ghrelin-induced
protein kinase Cδ tyrosine phosphorylation. Inflammopharmacology
2014; 22: 251-262 [PMID: 24840386 DOI: 10.1007/s10787-0140206-z]
P- Reviewer: Hegardt FG, Navarrete A, Slomiany BL, Unger M
S- Editor: Gong ZM L- Editor: Ma JY E- Editor: Wang CH

WJG|www.wjgnet.com

1763

March 14, 2017|Volume 23|Issue 10|

World J Gastroenterol 2017 March 14; 23(10): 1764-1770

Submit a Manuscript: http://www.wjgnet.com/esps/
DOI: 10.3748/wjg.v23.i10.1764

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Hyperplasia vs hypertrophy in tissue regeneration after
extensive liver resection
Fabio Marongiu, Michela Marongiu, Antonella Contini, Monica Serra, Erika Cadoni, Riccardo Murgia, Ezio Laconi
Medicine Unit, Department of Biomedical Sciences, University
of Cagliari, Via Porcell 4, IV floor, 09124 Cagliari,
Italy. fabiomarongiu@unica.it
Telephone: +39-70-6758683
Fax: +39-70-662574

Fabio Marongiu, Michela Marongiu, Antonella Contini,
Monica Serra, Erika Cadoni, Riccardo Murgia, Ezio Laconi,
Experimental Medicine Unit, Department of Biomedical
Sciences, University of Cagliari, 09124 Cagliari, Italy
Author contributions: Marongiu F, Marongiu M and Laconi
E substantially contributed to the conception and design of the
study, critical analysis and interpretation of data; all authors
designed and performed the experiments, and contributed to the
acquisition and analysis of data, made critical revisions related to
the intellectual content of the manuscript, and approved the final
version of the article to be published.

Received: November 10, 2016
Peer-review started: November 13, 2016
First decision: December 19, 2016
Revised: December 27, 2016
Accepted: January 11, 2017
Article in press: January 11, 2017
Published online: March 14, 2017

Supported by Italian Association for Cancer Research, No. IG
14640.
Institutional review board statement: The study was reviewed
and approved by the University of Cagliari Institutional Review
Board.

Abstract
AIM
To address to what extent hypertrophy and hyperplasia
contribute to liver mass restoration after major tissue
loss.

Institutional animal care and use committee statement: All
animal studies described in this manuscript were reviewed and
approved by the Institutional Animal Care and Use Committee of
the University of Cagliari.

METHODS
The ability of the liver to regenerate is remarkable on
both clinical and biological grounds. Basic mechanisms
underlying this process have been intensively inves
tigated. However, it is still debated to what extent
hypertrophy and hyperplasia contribute to liver mass
restoration after major tissue loss. We addressed this
issue using a genetically tagged system. We were able
to follow the fate of single transplanted hepatocytes
during the regenerative response elicited by 2/3 par
tial surgical hepatectomy (PH) in rats. Clusters of
transplanted cells were 3D reconstructed and their size
distribution was evaluated over time after PH.
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RESULTS
Liver size and liver DNA content were largely recovered
10 d post-PH, as expected (e.g. , total DNA/liver/100 g
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the most widely used experimental procedure to study
liver regeneration. This model offers two important
advantages: (1) it allows a relatively “clean” removal
of hepatic parenchyma, due to the multilobular
structure of the rodent liver, with no major interference
of tissue necrosis and/or inflammation; and (2) The
procedure is rapid (it can be performed in a few
minutes) and the kinetics of the response is amenable
[4]
to precise timing . A large body of data is therefore
available regarding the response of the liver following
PH. The general consensus has been that, in order to
restore the original mass, the majority of hepatocytes
in the remaining lobes undergo one or two cell
division cycles, resuming quiescence at the end of the
[2]
process . This conclusion is primarily based on reports
[5-7]
describing the cumulative labelling of S phase cells ,
while direct data regarding the actual proportion of
cells completing mitosis after S phase have been more
[6]
difficult to obtain . New insights into this issue were
provided in an elegant study published a few years
[8]
ago by Miyaoka et al , who followed the fate of single
genetically tagged hepatocytes in the liver of mice
during their response to PH. They reported that a
significant fraction of hepatocytes (up to 40%) do not
divide in the course of the regenerative response, while
an increase in the size of single cells (hypertrophy)
accounts for at least one third of the overall restoration
[8]
of liver mass occurring after PH . In spite of their
challenging nature to current assumptions referred to
above, to our knowledge these results have not been
addressed so far. Taking advantage of an orthotopic
system for rat hepatocyte transplantation that is
[9]
utilized routinely by our research group , we probed
[8]
into the hypothesis proposed by Miyaoka et al . Our
results support the conclusion that up to 1/3 of the
remnant hepatocytes do not enter S-phase and/or
divide in response to PH; however, hyperplasia is
the main biological mechanism sustaining liver mass
restoration in rats, while hypertrophy does not appear
to contribute significantly to the process.

b.w. was 6.37 ± 0.21 before PH and returned to 6.10
± 0.36 10 d after PH). Data indicated that about 2/3
of the original residual hepatocytes entered S-phase in
response to PH. Analysis of cluster size distribution at
24, 48, 96 h and 10 d after PH revealed that about half
of the remnant hepatocytes completed at least 2 cell
cycles. Average size of hepatocytes increased at 24 h
2
2
(248.50 µm ± 7.82 µm , P = 0.0015), but returned to
control values throughout the regenerative process (up
2
2
to 10 d post-PH, 197.9 µm ± 6.44 µm , P = 0.11). A
sizeable fraction of the remnant hepatocyte population
does not participate actively in tissue mass restoration.
CONCLUSION
Hyperplasia stands as the major mechanism contributing
to liver mass restoration after PH, with hypertrophy
playing a transient role in the process.
Key words: Liver regeneration; Hypertrophy; Hyperplasia
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The ability of the liver to regenerate is
remarkable on both clinical and biological grounds.
It is still debated to what extent hypertrophy and
hyperplasia contribute to liver mass restoration after
major tissue loss. We addressed this issue using a
genetically tagged system during the regenerative
response elicited by 2/3 partial hepatectomy (PH) in
rats. Analysis of cluster size distribution revealed that
about half of the remnant hepatocytes completed at
least 2 cell cycles. Average size of hepatocytes returned
to control values throughout the regenerative process.
Thus, hyperplasia stands as the major mechanism
contributing to liver mass restoration after PH.
Marongiu F, Marongiu M, Contini A, Serra M, Cadoni E, Murgia
R, Laconi E. Hyperplasia vs hypertrophy in tissue regeneration
after extensive liver resection. World J Gastroenterol 2017;
23(10): 1764-1770 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1764.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1764

MATERIALS AND METHODS
Animals

The syngeneic Fischer 344 rat strain was used
for transplantation experiments. All animals were
maintained on daily cycles of alternating 12 h
light-darkness with food and water available ad
libitum. They were fed Purina Rodent Lab Chow diet
throughout the experiment and received humane
care according to the criteria outlined in the National
Institutes of Health Publication 86-23, revised 1985.
Animal studies were reviewed and approved by the
Institutional Animal Care and Use Committee of the
University of Cagliari.

INTRODUCTION
The ability of the liver to regenerate is remarkable
on both clinical and biological grounds. It allows this
organ to maintain functional proficiency in spite of the
multitude of food-born toxic insults it can be exposed
[1]
to throughout life, given its anatomical position . In
addition, it represents one of the best systems for the
mechanistic analysis of regulatory pathways controlling
cell proliferation in vivo. Unsurprisingly, a vast scientific
literature is dedicated to the detailed description of the
process of liver regeneration, providing fundamental
[2,3]
insights into its biological and molecular bases .
Partial (two/thirds) surgical hepatectomy (PH) is
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Hepatocyte isolation and transplantation

Hepatocytes were isolated using a two-step collagenase
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Statistical analysis

[10,11]

perfusion procedure as previously described
. To
follow the fate of transplanted cells in the host liver,
syngeneic donors expressing the green fluorescent
+
protein (GFP ) were used. Heterozygous rats ex
pressing GFP under ubiquitin C promoter (line 307 F455
Chr5) were obtained from Rat Resource and Research
Center (University of Missouri, Columbia, MO) and
they were bred to homozygosity before being utilized.
Isolated cells were transplanted (Tx) into the liver of
6
recipient animals (2 × 10 cells per animal in 0.2 ml)
[9]
via a mesenteric vein .
Transplanted hepatocytes were then allowed
to engraft and integrate in the recipient liver and
one month later 2/3 partial hepatectomy (PH) was
performed; groups of 5 animals each were killed at
various time points thereafter, including 24, 48, 72,
96 h and 10 d post-operation. One group of intact
animals was kept as control. Each animal received
multiple doses of 5’-bromo-deoxyUridine (BrdU, 50
mg/kg, i.p.), every 6 h, starting at 24 h before killing;
the last injection was given 1 h prior to euthanasia.
Livers were excised and tissue samples were either
immediately frozen or fixed for further analysis. Liver
DNA content was measured according to published
[12]
techniques .

Data were analyzed and plotted using GraphPad Prism
(GraphPad Software, La Jolla, CA, United States).
Results are presented as mean ± SE. Two-tailed
Student t test was used to evaluate results, with a
lowest level of significance of p < 0.05. Statistical
review of the study was performed by Prof. Giacomo
Diaz from the University of Cagliari.

RESULTS
recovery of liver mass and liver DNA content following
PH

Relative liver weight increased gradually from day 1
to day 10 post-PH, returning to near-normal values
at the latter time point (Figure 1A). A similar pattern
was seen for the absolute and relative (i.e., expressed
as percent body weight) liver DNA content: both
parameters had largely recovered between 72 and 96 h
after PH and attained levels comparable to normal by
10 d post-surgery (Figure 1B and C).
Panels D, E and F report data on the cumulative
S-phase entry of hepatocytes during the first 96 h
after PH. Both the figure in panel E and the plot in panel
F clearly indicate that about one third of the hepatocytes
have not entered S-phase as late as 96 h post-PH.
Furthermore, this proportion is possibly still higher if
referred to the remnant liver prior to the initiation of
the proliferative response, in that at least a fraction
of S-phase cells have divided and are therefore overrepresented at 96 h post-PH.

Immunofluorescence and Immunohistochemistry

For immunofluorescence analysis, liver tissues were
fixed in 4% paraformaldehyde (PFA), cryoprotected
in 30% sucrose solution for 24 h at 4 ℃, and then
frozen. Five µm-thick sections were blocked for 30’
with goat serum and incubated 1h at RT with Alexa
®
Fluor 555 -conjugated Phalloidin (Thermo Fisher
Scientific, Waltham, MA, United States). Nuclei were
counterstained with DAPI (Abcam, Cambridge, MA,
United States).
Immunohistochemical staining for GFP and BrdU,
was performed on 5 µm-thick paraffin embedded
sections, following de-wax and antigen retrieval with
0.01 mol/L pH 6 sodium citrate buffer. Slides were
blocked for 30’, incubated with the primary antibody
(GFP, Thermo Fisher Scientific; BrdU, Santa Cruz, CA,
United States) overnight at 4 ℃. Detection of specific
signal was accomplished using an HRP/AEC detection
IHC Kit (Abcam).

Cell imaging analysis

size distribution of hepatocyte clusters originating from
isolated transplanted cells in response to PH

As detailed the Experimental Procedures, hepatocytes
isolated from a syngeneic Fischer 344 rat donor
expressing the GFP were transplanted into the liver of
GFP-negative recipients, via a mesenteric vein. Four
+
weeks later, PH was performed and the fate of GFP
hepatocytes clusters was followed over time during
the regenerative response of the liver. Each cluster
was reconstructed in 3D through the analysis of 10
consecutive serial sections from each sample (see
Experimental Procedures). Results are presented in
+
Figure 2. At the time of PH, only single GFP cells and
doublets (about 60% and 40%, respectively) were
seen (Figure 3A). This proportion remained virtually
unchanged at 24 h post-PH, while it had significantly
+
shifted at 48 h, with a relative decrease of single GFP
cells, an increase in doublets, a consistent appearance
of triplets (about 20% of the total) and the first
detection of four-cell sized clusters. Such progressive
+
shift of GFP clusters towards higher size categories
continued at 96 h and was still more prominent at 10
+
d post-PH (Figure 3A and B). Clusters of 5 GFP cells
and larger were detected at 96 h (about 20% of the
total, Figure 3C) and their proportion increased to
approximately 35% at 10 d post-PH, when over 10%

+

Three dimensional analysis of GFP clusters was
performed on 10 consecutive serial sections by
scanning slides with a Pathscan Enabler IV scanner
(Meyer Instruments, Houston, TX, United States).
Acquired images were overlayed and analyzed using
Image-Pro Premier Software (Media Cybernetics,
Rockville, MD, United States). Cell and nuclear size
was measured on fluorescence images acquired with
an Axio Imager Fluorescence Microscope (Zeiss,
Oberkochen, Germany) using Image-Pro Premier
Software.
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Figure 1 Kinetics of liver mass restoration following partial surgical hepatectomy. A: Showing the gradual increase in relative liver weight, which has almost
returned to control values at 10 d post-surgery, albeit a small significant difference is still present; B and C: Reporting data on liver DNA content: both total liver DNA
and the relative amount (expressed as % body weight) had largely recovered at 96 h post-PH and were back to normal values by 10 d after operation; D-F: Cumulative
S-phase entry of hepatocytes in response to PH. Immunohistochemical staining for BrdU is shown in panels D (control rat liver) and E (cumulative labelling from 16
to 96 h post-PH). The histogram in panel F reports percent of hepatocytes that had incorporated BrdU in their nuclei between 16 and 96 h post PH (see Methods for
details). Data are mean ± SE of 5 animals per group. aP < 0.05, bP < 0.01 vs control group. PH: Partial surgical hepatectomy.
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Figure 2 Hepatocyte size during the regenerative response to partial surgical hepatectomy. A: Reporting mean area of hepatocytes in control rat liver and at
various time points after PH. At least five hundred hepatocytes per animal in each group were scored. Data are mean ± SE of 5 animals per group. Immunofluorescent
staining for Phalloidin is shown in panels B (control rat liver), C (24 h post-PH) and D (10 d post-PH). Nuclei were counterstained with DAPI. PH: Partial surgical
hepatectomy.
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Figure 3 Size distribution of GFP + hepatocyte clusters at various
time points after partial surgical hepatectomy. A: Each cluster was 3D
reconstructed (see Methods for details) and number of hepatocytes was
counted. Bars of the histogram report the frequency of each class size
expressed as percent of the total number of clusters. At least one hundred
clusters per group were computed; B: An expansion of panel A. It shows the
class size distribution of largest clusters present at 96 h and 10 d after PH;
C: An image of immunohistochemical staining for GFP. PH: Partial surgical
hepatectomy; GFP+: Green fluorescent protein.

Figure 4 Size distribution of hepatocyte nuclei, the only evident change
being detected after 24 h. A: Showing nuclear size distribution over time
following PH. The most prominent change is observed at 24 h post-PH (green
line), with the appearance of a larger nuclear class size (arrow), which is only
marginally present at later time points; B: Reporting percent of binucleated
hepatocytes detected on 2D sections in control rat liver and at 10 d postPH. A relative decrease is observed after PH; C (control rat liver) and D (10
d post-PH) show immunofluorescent staining for Phalloidin with nuclei were
counterstained with DAPI. Binucleated hepatocytes are easily discerned. Data
are mean ± SE of 5 animals per group. bP < 0.01, vs control group. PH: Partial
surgical hepatectomy.

+

of GFP clusters comprised 8 or more hepatocytes,
indicating that they resulted from multiple cell cycles.

time points after PH.
Finally, we estimated the percent of binucleated
hepatocytes on 2D liver sections obtained prior to PH
and at 10 d post-surgery (figure 4, panels B through
D). Although this is clearly an underestimate of the
absolute numbers, results did indicate a significant
drop (about 50%) in the proportion of binuclear
hepatocytes following PH, in agreement with previous
[8,13]
studies
. Such decrease has been generally
attributed to cell division occurring in response to
[13]
PH .

size of hepatocytes during the regenerative response to
PH

In figure 4 (panels A through D) the average size of
hepatocytes at various time points after PH, measured
on 2D slides, is reported. The only evident change was
observed at 24 h post-surgery, i.e., prior to the first
wave of mitosis, when hepatocytes were significantly
enlarged compared to any other time point considered.
Importantly, no differences in size were recorded
between hepatocytes in resting liver and those present
at the end of the regenerative phase.
Size distribution of hepatocyte nuclei during the
regenerative response was also similar at various time
points post-PH, the only evident change being detected
after 24 h (Figure 4A). In fact, at 24 h hepatocyte
nuclei appeared to distribute in three different size
categories, including a larger one, which is absent or
minimally present in either control rat liver or at later
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DISCUSSION
The remarkable ability of the liver to regenerate
has intrigued humankind ever since the dawn of
[14]
civilization, as exemplified by Greek mythology .
[15]
However, it was the work of Higgins and Anderson ,
describing the surgical procedure to perform PH, that
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+

set the stage for a detailed analysis of the process.
[7]
Classical studies by Grisham , by Bucher’s research
[5,16]
[6]
group
and by Fabrikant established fundamental
parameters of hepatic regeneration, including the
kinetics of DNA synthesis in parenchymal and littoral
cells and its critical dependence on the extent of
tissue removal. The general agreement that emerged
from these observations was that, in order for the
liver to recover its original mass after PH, the large
majority of hepatocytes had to undergo one round of
DNA synthesis and cell division, followed by a smaller
percentage of cells entering a second replication
[3]
cycle . In retrospect, it is worth noting that irrefutable
evidence in support of this paradigm was not present
in the available literature. In fact, the seminal papers
referred to above report levels of about 60% resident
hepatocytes entering S phase within 36-40 h postPH, and an additional 22% doing so between 36 and
[5,7]
72 h post-surgery , with the possibility that the
latter population could represent, at least in part, a
[17]
fraction of the former. Furthermore, Rabes et al
reported that up to 80% of hepatocytes initiated
S-phase during the first 40 h after PH; however, those
studies were performed under continuous infusion
of hydroxyurea, an S-phase blocker that might
have recruited additional cells into cycle. Thus, the
postulation that all residual hepatocytes enter the cell
cycle at least once after PH has been rather inferential
in nature.
A direct challenge to this widely accepted concept
[8]
came from work by Miyaoka et al reported a few
years ago. The authors followed the fate of tagged
single hepatocytes during their response to PH in
mouse. They were able to observe that a significant
fraction of hepatocytes (about 40%) do not divide
in the course of the regenerative response, while
an increase in the size of single cells (hypertrophy)
accounts for at least one third of the overall restoration
[8]
of liver mass occurring after PH .
Given the relevance of these findings, in the
present investigation we probed into this issue using
an experimental system of hepatocyte transplantation
in the rat that is conceptually similar to the one of
[8]
Miyaoka et al . Single hepatocytes expressing GFP
were injected into the liver of syngeneic Fischer 344
rats and their fate was traced over time following PH.
Our findings indicate that hyperplasia stands as the
main biological mechanism sustaining restoration of
liver mass following PH in the rat, while hypertrophy
does not appear to contribute to the process to any
measurable extent.
These conclusions stem from the following ob
servations. First, restoration of liver weight and liver
DNA content is already prominent at day 4 and is
[18]
virtually complete at day 10 post PH, as expected .
+
Secondly, the size distribution of GFP hepatocyte
clusters at various time points post PH indicates that
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about 1 in 3 GFP clusters detected at day 10 comprise
more than 4 cells. Given that at time zero all clusters
were only 1 or 2 cells in size, the only possibility is
that clones containing 5 cells and higher resulted from
at least two cell division cycles of the original residual
hepatocytes.
On the other hand, we confirmed that a sizeable
proportion of the original hepatocytes do not enter S
phase and/or do not appear to divide (figure 1, panel
F) for up to 10 d post-PH, when hepatic mass is largely
[5-8]
recovered, in agreement with previous results . In
+
fact, about 1/3 of GFP clusters were still 1 to 2 cells in
size at the end of the regenerative phase, indicating that
they had not responded to the proliferative stimulus.
Conversely, as already mentioned, a sub-population
of the original hepatocytes divided at least twice,
contributing substantially to the final liver mass. This is
[19]
in line with data reported by Wu et al , documenting
that at least 11% of residual hepatocytes divide
[19,20]
thrice or more after PH
. Although S-phase and
mitotic division are not necessarily coupled, neither
[21]
in the liver or in other tissues , classical studies
by Fabrikant indicated that at least the first wave of
mitosis following PH in rat liver is preceded by DNA
[6]
synthesis in virtually all dividing cells . This implies
that unconventional cell division, i.e., mitosis without
[15]
prior S-phase , is not of prominent occurrence, if
any, under these conditions.
Furthermore, mean hepatocyte size, measured in
2D, increased at 24 h after PH (figure 3); however,
no significant changes were observed at later time
points and till the end of the regenerative process,
[22]
in agreement with previously published results ,
implying that cell hypertrophy is not a major
contributor to liver mass reconstitution after PH.
The reason(s) for the discrepancies between our
[8]
present data and those of Miyaoka et al are not
apparent at this point. One likely possibility is that
there might exist species-specificities in the overall
strategies set in motion to respond to liver tissue
loss in mice as compared to rats. It is well known
that the kinetics of response to PH are substantially
[3]
different between the two species , and such
peculiarities appear to be cell autonomous, as if
they are part of the overall genetic program of each
[23]
species . By analogy, a similar concept might also
extend to the threshold level of tissue loss involved in
activation of hypertrophy as opposed to hyperplasia
as compensatory mechanisms for functional tissue
mass restoration. More investigations are required to
address this fundamental issue in rats and mice and,
possibly, in humans.
In conclusion, we present evidence to indicate that
restoration of rat liver mass following PH is attained
largely via a hyperplastic response of the residual
tissue. However, such response does not involve the
totality of the residual hepatocyte population.
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Abstract
AIM
To establish a severe acute cholangitis (SAC) model in
mice.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Zhejiang
University.

METHODS
Cholecystic catheterization was performed under the
condition of bile duct ligation (BDL). Trans-cholecystic
injection of lipopolysaccharide (LPS) was defined
as the SAC animal model. Sham operation group,
intraperitoneal injection of LPS without BDL group,
intraperitoneal injection of LPS with BDL group and
trans-cholecystic injection of normal saline with BDL
group were defined as control groups. The survival
rates and tissue injuries in liver, lungs and kidney were
evaluated.

Conflict-of-interest statement: The authors declare that there
are no other conflicts of interest.
Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
sygd_lbc@126.com. No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
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RESULTS
Mice in the SAC group showed a time-dependent
mortality and much more severe tissue injuries in
liver, lungs and kidney, compared with other groups.
However, relieving biliary obstruction could effectively
reduce mortality and attenuate liver injury in the SAC
mouse model.

To study the pathological process of SAC more
accurately, a typical, stable, repeatable animal model
is required. A few animal models of acute cholangitis
have been established in species such as rats and
[3,7,8]
rabbits
. However, mice are the most common
experimental animal, and there is still no valid study
on establishing an acute cholangitis model in mice. In
the current study, we established a repeatable model
of SAC in mice, based on common bile duct ligation
and an indwelling catheter through cholecystostomy,
with the aim to better understand the process of SAC.

CONCLUSION
Trans-cholecystic injection of LPS under the condition
of biliary obstruction could establish a repeatable and
reversible mouse model of SAC.
Key words: Severe acute cholangitis; Mouse model;
Cholecystic catheterization; Lipopolysaccharide; Bile
duct ligation

MATERIALS AND METHODS
Animal

Male C57Bl/6 mice weighing 20 to 25 g were
purchased from the Zhejiang Province Experimental
Animal Center. All procedures were approved by
the Ethics Committee of Zhejiang University and
conformed to the Care and Use of Laboratory Animals
Guide published by the US National Institutes of Health
(NIH Publication No. 85-23, revised 1996). All surgery
was performed under ether anesthesia, and all efforts
were made to minimize suffering.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Severe acute cholangitis (SAC) is a severe
biliary tract infection. Although mice are the most
common experimental animal and have a similar
anatomical construction of bile ducts to humans, there
is still no valid study on establishing a SAC model
in mice. To study SAC more easily and exactly, we
established a repeatable and reversible mouse model
of SAC through cholecystic catheterization under the
condition of bile duct ligation.

Surgery procedures

Mice were randomly assigned to the following five
groups: sham (sham), lipopolysaccharide (LPS),
bile duct ligation plus LPS (BDL + LPS), bile duct
ligation plus cholecystic catheterization (BDL + CC),
and severe acute cholangitis (SAC). Surgeries were
performed under ether anesthesia. In the BDL + CC
and SAC groups, common bile ducts were dissociated
and ligated with 6-0 silk. Three days later, the
gallbladders were greatly enlarged and mice received
cholecystostomy in the BDL + CC and SAC groups
(Figure 1B). Epidural catheters (format F3, diameter =
0.9 mm) were used as gallbladder drainage tubes and
were outstretched from the skin. 6-0 silk was used to
suture the incision of gallbladders and fix the epidural
catheters. The distal ends of epidural catheters
traveled through subcutaneous tissue and were finally
fixed at the back of mice. The abdominal cavity was
closed and the epidural catheters remained closed
after cholecystostomy. Five days after cholecystic
catheterization, 0.5 μg of LPS (from E. coli O111:
B4, Sigma, St Louis, MO, United States) dissolved
in 0.1 mL of normal saline (NS) was injected to the
gallbladder through the epidural catheter in the SAC
groups. An equivalent amount of NS was injected to
the gallbladder through the epidural catheter in the
BDL + CC groups. Before the catheter was sealed
with a sealing cap, 0.1 mL air was injected and then
the abdominal cavity was closed with silk sutures.
In the BDL + LPS group, common bile ducts were
ligated with 6-0 silk. At 72 h after bile duct ligation,
another laparotomy, but no further operation, was per
formed. Eight days after the first operation, mice were

Yu JH, Tang HJ, Zhang WG, Zhu ZY, Ruan XX, Lu BC.
Catheterization of the gallbladder: A novel mouse model
of severe acute cholangitis. World J Gastroenterol 2017;
23(10): 1771-1779 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1771.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1771

INTRODUCTION
Severe acute cholangitis (SAC) is a severe biliary tract
infection with rapid progressing and a high mortality
rate. Septicemia, septic shock and multiple-organ
failure are always induced by this severe disease and
result in a poor prognosis. For SAC, complete biliary
obstruction is the initiation factor, and secondary
infection from Gram-negative pathogen is the ag
[1]
gravating destroyer . Pro-inflammatory cytokines,
such as interleukin 1 beta (IL-1β), interleukin-6 (IL-6)
and tumor necrosis factor-α (TNF-α), have been
reported to have a close relationship with the process
[2-4]
of the severe infectious diseases
. According to
Tokyo guidelines 2013, associating with one or more
other organs dysfunction is regarded as the diagnostic
criteria to distinguish SAC from mild or moderate acute
[5,6]
cholangitis . Explosive inflammatory and subsequent
multiple organ dysfunction syndrome (MODS) are
important causes of poor prognosis.
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Figure 1 Cholecystostomy. A: Schematic description of experimental groups; B: Cholecystic catheterization under the condition of bile duct ligation; C: The survival
rates of mice in five groups after intraperitoneal injection or trans-cholecystic injection (n = 10). BDL: Bile duct ligation; CC: Cholecystic catheterization; NS: Normal
saline.

administrated with 0.5 μg of LPS intraperitoneally. In
the LPS and sham groups, two sham laparotomies
were performed at the same time points as described
above. Eight days after the first operation, mice in
the LPS and sham groups were intraperitoneally
administrated with 0.5 μg of LPS or 0.1 mL of NS,
respectively.
Ten mice in each group were used to observe
the mortality rate after the last operation. The other
animals were sacrificed at the 24 h and 48 h after
the last injection. Blood collected from the inferior
vena cava and the serum was stored at -80 ℃ before
analysis. Bile samples in the BDL + CC and SAC
groups were obtained through catheterization of the
gallbladder. The tissue samples were snap-frozen in
liquid nitrogen and then stored at -80 ℃.

alanine aminotransferase (ALT), total bilirubin (TBIL),
blood urea nitrogen (BUN), and serum creatinine
(SC) were quantitated by an Automated Chemical
Analyzer (Abbott, Chicago, IL, United States). Alkaline
phosphatase (ALP) and γ-gltamyltranspeptidase (γ-GGT)
using kits (Jiancheng Bioengineering Institute, Nanjing,
China) following the manufacturer’s instruction.

RNA extraction and quantitative real-time polymerase
chain reaction

The mice in the SAC group were used for these
experiments. At 6 h or 12 h after LPS injection
through cholecystic catheterization, the sealing caps
of catheters were removed and bile was allowed
to outflow from catheters. The mortality rate was
analyzed at 24 h and 48 h after LPS injection. Mice
that survived were sacrificed at 48 h after LPS injection
and serum samples were used to evaluate liver injury.

Total RNA was isolated from tissues using TRIzol
(Invitrogen Life Technologies, Carlsbad, CA, United
States) and reverse transcribed into complementary
DNA using the High-Capacity complementary DNA
Reverse Transcription Kit (Applied Biosystems, Foster
City, CA, United States), according to themanufacturer’s
instructions. Quantitative real-time polymerase chain
reaction (PCR) was performed using SYBR Green
PCRMasterMix and the ABI 7500 Real-time PCR system
(Applied Biosystems). Speciﬁc primers were designed,
respectively, for IL-1β, IL-6 and TNF-α (Table 1). Mouse
β-actin was used as an endogenous control. PCR was
performed according to the manufacturer’s instructions.
All assays were performed three times. Relative
-ΔΔCt
expression levels were then determined using the 2
[9]
method .

Laboratory data examination

Caspase 3 activity detection

Relief of biliary obstruction experiments

Serum levels of aspartate aminotransferase (AST),
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Table 1 Primer sequences
Name

Symbol

Forward (5'-3')

Reverse (5'-3')

b -actin

ACTB
IL6
TNF
IL-1b

CCACCATGTACCCAGGCATT
TACCACTTCACAAGTCGGAGGC
GGTGCCTATGTCTCAGCCTCTT
TGGACCTTCCAGGATGAGGACA

AGGGTGTAAAACGCAGCTCA
CTGCAAGTGCATCATCGTTGTTC
GCCATAGAACTGATGAGAGGGAG
GTTCATCTCGGAGCCTGTAGTG

IL-6
TNF-α
IL-1b

the Caspase 3 Activity Assay Kit (Beyotime, Nanjing,
China), according to the manufacturer’s protocol. The
absorbance was measured at 405 nm, and the relative
activity of Caspase 3 was determined.

CA, United States) according to the manufacturer’s
instructions. Each sample was tested in triplicate.

Immunohistochemistry staining

PCNA expression was detected immunohistochemistry
(IHC) staining using paraffin-embedded specimens
from different groups. After deparaffinization and
rehydration of the sections, endogenous peroxidase
activity was blocked using 0.3% hydrogen peroxide.
The sections were incubated with primary anti-PCNA
antibody (Santa Cruz) overnight at 4 ℃, followed by
incubation with appropriate horseradish peroxidaseconjugated secondary antibody for 1.5 h. After a
thorough washing, the sections were developed
in 3,3’-diaminobenzidine and counterstained with
hematoxylin. Each stained sample was observed under
high power magnification (× 200).

Western blot analysis

Primary antibodies, for B-cell CLL/lymphoma 2 (Bcl2),
BCL2-associated X protein (Bax) and β-actin, were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, United States). On a 10% SDS-PAGE (sodium
dodecyl sulfate-poly-acrylamide gel) gel, 20 mg of
total protein was electrophoresed, transferred onto
to a polyvinylidene ﬂuoride membranes, blocked,
and incubated with primary antibody and then with
horseradish peroxidase-conjugated secondary antibody.
Immunoreactive bands were visualized using a
chemiluminescence solution. β-actin was used as an
endogenous control.

Statistical analysis

Tissue staining

Data were presented as means standard deviation.
Statistical significance between two groups was
determined using the Student t-test. One-way analysis
of variance followed by the TukeyeKramer adjustment
was used to examine differences among multiple
groups. P < 0.05 was considered to be significant. All
statistical analyses were conducted using SPSS 11.0.

The formalin-fixed specimens were obtained from
the mice which were sacrificed at the 48 h after the
last injection. For histological evaluation, formalinfixed specimens were stained with HE. Liver, lung and
kidney tissues were examined for histopathological
evidence of pathological damage.

Clinical samples

RESULTS

Serum and bile samples were obtained from 18
male patients at the Shaoxing People’s Hospital from
January 2014 to January 2016. Informed consent
was obtained from patients and the tissue acquisition
protocol was approved by the Shaoxing People’
s Hospital Institutional Review Board. Among the
patients, 6 patients in gallstone group suffered from
gallstone and received cholecystectomy. Six patients
in SAC group were diagnosed as SAC definitely,
[6]
according to Tokyo guidelines 2013 , with a condition
characterized by fever, abdominal pain and jaundice
[10]
(Charcot triad) . Six patients in biliary obstruction
group suffered from biliary obstructive disease (such
as pancreaticobiliary tumour), with imaging findings
of biliary dilation and elevated bilirubin, while without
infection (such as fever or increase in leucocytes).
Blood samples were obtained before surgery and bile
samples were obtained during surgery.

Trans-cholecystic injection of LPS under the condition
of biliary obstruction induces time-dependent mortality

The mortality rate of the mice in the SAC group was
80% (8/10 animals) at the point of 48 h and all mice
died within 72 h after LPS injection (Figure 1C). Mice
in the BDL + CC and BDL + LPS groups showed 90%
and 70% survival, respectively, at 5 d after the last
operation (Figure 1C). However, none of mice in the
sham group or LPS group died during the same period
(Figure 1C).

Trans-cholecystic injection of LPS under the condition
of biliary obstruction induces progressive liver injury

Serum ALT, AST and TBIL levels were assessed to
evaluate liver injury. Intraperitoneal injection with LPS
induced a moderate rise in ALT and AST levels, but did
not affect TBIL levels, compared with the sham group
(Table 2). ALT, AST and TBIL levels in the BDL + LPS,
BDL + CC and SAC groups were significantly higher
because of bile duct ligation, compared with the sham
group (Table 2). Interestingly, ALT, AST and TBIL levels

Enzyme-linked immunosorbent assay

IL-1β, IL-6 and TNF-α in serum and bile samples were
measured by ELISA kit (eBioscience&Bender, San Diego,
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Table 2 Data of laboratory examination at 24 h after the last operation (n = 6)
Sham
TBIL (mg/dL)
ALT (IU/L)
AST (IU/L)
γ-GGT (U/L)
ALP (U/L)
Creatinine (mg/dL)
BUN (mg/dL)

0.81 ± 0.15
18.63 ± 1.46
126.12 ± 34.39
11.17 ± 2.27
114.33 ± 19.68
0.27 ± 0.04
20.18 ± 5.43

LPS

BDL+LPS
14.21 ± 2.10a,c
206.62 ± 25.92a,c
1693.17 ± 313.73a,c
69.33 ± 9.74a,c
2765.33 ± 250.51a,c
0.32 ± 0.08
26.82 ± 7.80

1.26 ± 0.72
106.4 ± 20.24a
558.97 ± 111.35a
24.67 ± 4.96a
229.67 ± 27.51a
0.35 ± 0.07
25.77 ± 4.52

BDL+CC
13.35 ± 1.71a,c
197.48 ± 30.85a,c
1462.85 ± 397.75a,c
70.00 ± 7.24a,c
2544.17 ± 350.24a,c
0.31 ± 0.08
25.17 ± 5.04

SAC
17.68 ± 2.66a,c,e,f
403.07 ± 74.92a,c,e,f
2332.32 ± 531.64a,c,e,f
83.17 ± 9.08a,c,e,f
3470.83 ± 522.35a,c,e,f
0.45 ± 0.09a,e,f
42.78 ± 9.76a,c,e,f

Values are expressed as mean ± SD. aP < 0.05 vs sham group, cP < 0.05 vs LPS group, eP < 0.05 vs BDL + LPS group, fP < 0.05 vs BDL + CC group.

in the SAC group were much higher compared with
those in the BDL + LPS and BDL + CC groups (Table
2). However, although the data of BDL + LPS group
were slightly higher than those of BDL + CC group,
the differences were not significant. ALP and γ-GGT
levels are regarded as important liver tests during
[10]
acute cholangitis . Our results also showed that ALP
and γ-GGT levels in the SAC groups were significantly
higher than those in the other groups (Table 2).
IL-1β, IL-6 and TNF-α are important proinflammatory cytokines in the process of liver injury
[4,11-14]
and inflammation
. To evaluate the levels of
inflammation and liver injury, the pro-inflammatory
mediators’ level in serum and liver tissues were
examined. The results showed that biliary obstruction
was an important inducement to increase the mRNA
expression of IL-6 and TNF-α (Figure 2A). However,
SAC group showed a further increasing and much
higher IL-6 and TNF-α mRNA expression after exposed
to LPS, compared with that of BDL + LPS and BDL +
CC groups (Figure 2A). IL-1β mRNA expression in SAC
group also showed a significant increase, compared
with that of LPS and BDL + CC groups (Figure 2A).
The serum levels of IL-1β, IL-6 and TNF-α were also
significantly increased in the SAC group, compared
with those of other groups (Figure 2B). And not only
that, SAC group also showed a higher level of proinflammatory cytokines in bile, compared with BDL +
CC groups (Figure 2C). These results indicated that the
inflammatory response was further activated because
of LPS injection into the biliary system.
Caspase 3, Bcl2 and Bax are common molecular
[15,16]
hallmarks of apoptosis
. The activity of caspase
3 and the ratio of Bax to Bcl2 are often used to
evaluate tissue apoptosis. Detection of caspase 3
activity and the ratio of Bax to Bcl2 showed that both
intraperitoneal injection of LPS and biliary obstruction
induced moderate apoptosis of hepatocytes (Figure 2D
and H). Caspase 3 activity and the ratio of Bax to Bcl2
in the SAC group were prominently higher than those
in the other groups (Figure 2D and H). This finding
indicated that injection of LPS through cholecystic
catheterization induced more serious apoptosis in the
liver.
Morphology was examined to further evaluate the
degree of injury in mouse liver tissues. Pathological
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examination showed that intraperitoneal injection
of LPS induced considerable vacuolar degenerative
changes (Figure 2F). In the BDL + CC group, biliary
obstruction caused an obvious dilatation of bile
capillaries and local necrosis (Figure 2F). In the BDL
+ LPS group, dilatation of bile capillaries, vacuolar
degenerative changes and inflammatory cell infiltration
could be found (Figure 2F). Notably, the liver in the
SAC group showed obvious vacuolar changes, more
inflammatory cell infiltration, and more broad areas of
necrosis, compared with the BDL + LPS and BDL + CC
groups (Figure 2F).
Proliferating cell nuclear antigen (PCNA) is common
[17]
molecular biological hallmarks of regeneration .
We detected the expression of PCNA in specimens
from different groups using immunohistochemistry.
Compared with SAC groups, there were more PCNApositive cells in BDL + LPS and BDL + CC groups
(Figure 2F). It indicated that injection of LPS through
cholecystic catheterization significantly suppressed
the reparative live regeneration induced by biliary
obstruction.

Trans-cholecystic injection of LPS under the condition
of biliary obstruction induces obvious renal injury and
acute lung injury

We also examined BUN and serum creatinine to
evaluate renal injury. BUN and creatinine levels
were significantly elevated in the SAC group after
injection of LPS through catheters, compared with the
other four groups (Table 2). Conversely, in the other
treatment groups, including the LPS, BDL + LPS, and
BDL + CC groups, BUN and creatinine levels tended
to be evaluated after exposure to LPS or ligation of
the bile duct, but the differences were not significant
(Table 2). On HE-stained sections, the kidney in the
SAC group showed glomerular and tubular injury with
obvious tubular vacuolization (Figure 2F). However,
none of the other groups showed these pathological
changes.
We also investigated pathological changes in
the lungs in the different groups. As shown in
Figure 2F, lung tissue in the SAC group displayed
obvious inflammatory cells exudation and fibroblasts
proliferation in the pulmonary interstitium and alveolar
spaces (Figure 2F). Although LPS was administrated at
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Relieving biliary obstruction could reduce mortality and
attenuate liver injury in the SAC mouse model

the same dose in the LPS and BDL + LPS groups, the
pathological changes in the lungs in these groups were
not as obvious as those in the SAC group.
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As shown in Figure 3A, relief of biliary obstruction at 6
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Figure 3 Relieving biliary obstruction reduces mortality and attenuates liver injury in the severe acute cholangitis mouse model. A: The survival rates
of SAC mice with or without biliary drainage were determined at 48 h after model establishment (n = 10); B: ALT, AST, and TBIL of SAC mice with or without biliary
drainage were examined at 48 h after model establishment (n = 6). aP < 0.05 vs SAC group; cP < 0.05, difference between the two groups; C: Histological analysis of
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without SAC (n = 6). aP < 0.05 vs gallstone group; cP < 0.05 vs biliary obstruction group; F: The survival rates of mice which were intraperitoneally injected with highdose of LPS under the condition of biliary obstruction. BD: Biliary drainage.

or 12 h after LPS injection resulted in a higher survival
at 48 h after LPS injection compared with the nondecompressing SAC group. Examination of injury to
the liver showed that ALT, AST, and TBIL levels were
significantly decreased because of relieving biliary
obstruction (Figure 3B). At the same time, histological
analysis also indicated that biliary drainage could
mitigate SAC-induced liver injury (Figure 3C).

biliary obstruction and leads to serious systemic signs
of infection. To study this disease, the animal model
of SAC has been established in rodents, such as
[8,18,19]
rats
. As the most commonly used experimental
[20]
animal , the anatomical construction of bile ducts
in mice is more similar to that in humans because
rats do not have a gallbladder. The gallbladder slows
down the tremendous increase in biliary pressure at
the beginning of biliary obstruction. However, a hightension and exceedingly full gallbladder will aggravate
biliary pressure at the middle and later periods of
[21]
biliary obstruction . Therefore, mice are a more

DISCUSSION
SAC is a bacterial infection in the setting of complete
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appropriate species to establish an animal model of
SAC compared with rats. Nevertheless, the common
bile duct of mice is too slim to complete successful
injection. We performed cholecystic catheterization
3 d after ligation of the bile duct. At that time,
the gallbladder was engorged and flexible enough
to catheterize (Figure 1B). It’s worth noting that
subsequent infection always arises after a period of
[1,5]
cholestasis in the SAC patients . Our model also
simulated this process exactly. Catheterization of
the gallbladder is the other core operation for our
model. Benefited from it, in the SAC and BDL + CC
groups, bile sample could be got through catheters
conveniently. More importantly, biliary drainage is the
[1,10,22]
main therapeutic method for SAC
. Catheterization
of the gallbladder provided a convenient method to
relieve biliary obstruction. Our study also showed that
timely relief of biliary obstruction reduced mortality
and alleviated liver injury effectively. The mouse model
shows a clear advantage to simulate the rehabilitation
process of SAC.
To validate the reliability of model, more exami
nations were performed. Exploding ALT, AST, TBIL,
ALP, γ-GGT and death detection indicated serious liver
injury arose. Increasing pro-inflammatory cytokines
indicated obvious inflammatory response arose. In
clinical practice, SAC patients always have a higher
level of pro-inflammatory cytokines in serum and
bile, compared with the patients those suffered from
chronic biliary obstruction or gallstone (Figure 3D
and E). Our mouse model showed a similar change
as SAC patients. According to the obvious pathologic
change of histological examination and repressed liver
regeneration, the liver injury of our animal model was
consistent with the characteristics of SAC-induced liver
[1,10]
injury
.
In clinical practice, systemic inflammatory response
syndrome (SIRS) and MODS would arise if patients
[1,22,23]
with SAC did not obtain timely medical treatment
.
In our study, time-dependent mortality and obvious
injury of the liver, lungs and kidney were observed in
the SAC group. These finding also indicated that our
animal model displays a similar disease progression to
SAC patients.
The barrier between blood and bile always is
dysfunction because of biliary high-pressure. It is
noteworthy that mice in the LPS, BDL + LPS and
BDL + CC groups did not show severe tissue injuries
in liver, lungs and kidney, compared with the SAC
group. Injection of LPS into a high-pressure biliary
system accelerated further breakdown of the bileblood barrier and induced severe endotoxemia
should be an adequate explanation. Compared
with LPS and BDL groups, BDL + LPS group also
had the two requirements of SAC (injection of LPS
and biliary obstruction) in the same time. However,
intraperitoneal injection with LPS (0.5 μg) under the
condition of biliary obstruction did not induce organs
injury as serious as trans-cholecystic injection with LPS
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(BDL + LPS group vs SAC group). We also found that
if the dose of LPS was increased to 10 μg/mouse, the
mortality rate in the BDL + LPS group (10 μg/mouse)
reached a similar level to that in the SAC group
(Figure 3F). The main reason for this finding may be
that intraperitoneal endotoxin enters the bloodstream
depending on absorption through the peritoneum.
This manner is different from the special manner
of endotoxin entering the bloodstream during SAC,
and the absorbing ability of the peritoneum would be
influenced by other factors, such as abnormal liver
function. We also injected LPS (10 μg/mouse i.p.) to
mice without any other operation. However, no mouse
died within 72 h after LPS injection. It indicated that
biliary obstruction for long enough is also an essential
condition for SAC model and always leads to poor
prognosis.
In summary, we established a repeatable and
reversible mouse model of SAC through cholecystic
catheterization. This animal model can be used to
study disease progression and treatment of SAC.
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AIM
To compare the expression levels of interleukin (IL)-6
in colorectal cancer (CRC) tissues and adjacent noncancerous tissues, and analyse the correlation of IL-6
expression with the clinicopathological parameters of CRC.

Institutional review board statement: All colorectal cancer
specimens from the patients were acquired after informed consent
and ethical permission was obtained for participation in the study.

METHODS
Fifty CRC tissue specimens and 50 matched adjacent
mucosa specimens were collected. The expression
of IL-6 in these clinical samples was examined by
immunohistochemical staining. The correlation between
IL-6 expression and clinicopathological parameters was
assessed by statistical analysis.
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RESULTS
IL-6 expression was significantly elevated in CRC
tissues compared with noncancerous tissues (P <
0.001). IL-6 expression was positively correlated
with tumour TNM stage (P < 0.001), but a negative
correlation was detected between IL-6 expression and
tumor histological differentiation in CRC (P < 0.05).
Furthermore, IL-6 expression was associated with
invasion depth and lymph node metastasis in CRC.
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CONCLUSION
IL-6 might be a useful marker for predicting a poor
prognosis in patients with CRC and might be used as a
potential therapeutic target in CRC.
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inflammatory cells, other mesenchymal cells and
tumour cells could facilitate tumour initiation and
[8-10]
enhance tumour cell proliferation and invasion
.
Among the numerous inflammatory cytokines, inter
leukin (IL)-6 has continually attracted extensive
attention.
IL-6 is a pleiotropic cytokine that is involved in
tumour growth, invasion, and metastasis in human
[11,12]
malignancies
. There is abundant mechanistic
evidence suggesting a significant role of IL-6 in the
tumour initiation and progression of a variety of
[13]
cancers. For instance, Nguyen et al
demonstrated
that IL-6 is a pivotal modulator in the initiation of
prostate tumourigenesis, tumour growth, metastasis,
[14]
and resistance to chemotherapy. Zhang et al
reported that IL-6 is necessary for pancreatic intra
epithelial neoplasia (PanIN) maintenance and
[15]
progression. Taniguchi et al summarized that serum
IL-6 levels correlate with poor prognosis, tumour
burden, survival and advanced stages of disease in
cancers of the lung, esophagus, mammary gland,
ovary, and kidney, among others. In addition, several
recent studies have suggested a potential role for
IL-6 in colon cancer initiation and progression. It has
been shown that serum levels of IL-6 are elevated in
[16]
CRC patients . Furthermore, IL-6 has been shown to
promote the growth of colorectal cancer epithelial cells
in vitro. However, there is relatively little understanding
of the correlation between IL-6 expression and
clinicopathological features in CRC.
The present study was designed to examine the
difference in IL-6 expression between CRC tissues
and matched adjacent normal mucosa tissues, and
the association between IL-6 expression and clinico
pathological features in CRC.

depth; Lymph node metastases
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) is the fourth leading
cause of cancer-related death worldwide. Previous
studies have demonstrated that interleukin (IL)-6 is a
critical tumor promoter during early CRC tumorigenesis.
However, there have been few studies regarding the
expression of IL-6 and its prognostic role in CRC.
Therefore, we explored the correlation between the
expression of IL-6 and the clinicopathological features
in CRC. To the best of our knowledge, this is the first
analysis of the expression of IL-6 in resected CRC
samples using immunohistochemistry combined with
biostatistics. The results showed that the expression
of IL-6 was correlated with tumour TNM stage and
histological differentiation. Furthermore, IL-6 in tumour
cells showed stronger immunoreactivity as tumour cells
invaded deeply. These data indicated that IL-6 might
be used as a potential therapeutic target in patients
with CRC.
Zeng J, Tang ZH, Liu S, Guo SS. Clinicopathological significance
of overexpression of interleukin-6 in colorectal cancer. World J
Gastroenterol 2017; 23(10): 1780-1786 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i10/1780.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i10.1780

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies and the fourth leading cause of cancer[1-3]
related death worldwide
. Over one million new
cases of CRC are diagnosed each year, and its
[4,5]
incidence is second only to lung cancer . CRC has
been observed to be quite prevalent in Western
industrialized countries in the past. In recent de
cades, a growing number of developing countries
have exhibited an acute increase in the incidence of
CRC. With the improvement in living conditions, the
incidence rate of CRC in China has leapt, and CRC
has become the fifth most common cancer. Despite
radiotherapeutic and chemotherapeutic regimens
and significantly improved surgical outcomes, appro
ximately half of CRC patients will suffer from CRC
again within five years of treatment and inevitably
[6]
surrender to the disease . The prognosis evaluation
and treatment of CRC currently depend mostly on
the pathologic stage of disease when diagnosed and
primary surgical therapy. Unfortunately, no specific
biomarker that allows for the accurate prediction of
outcomes for individual patients currently exists.
Many previous studies have shown that neo
[7]
plasms arise at sites of chronic inflammation . The
upregulation of inflammatory cytokines secreted by

WJG|www.wjgnet.com

MATERIALS AND METHODS
Surgical specimens

Fifty primary CRC tissues and 50 matched adjacent
normal mucosa tissues were collected from the
patients who underwent surgical resection at the
Sichuan Provincial People’s Hospital (Chengdu, China).
The original tumours were staged on the basis of
the tumour-node-metastasis (TNM) classification
[17]
system of the International Union Against Cancer .
Tumour differentiation was scored according to Ed
mondson Steiner scoring by senior pathologists.
Detailed clinicopathological information was excerpted
from the clinical data and a summary of the specific
CRC demographics is displayed in Table 1. Informed
prior to analysis, all patients consented to the tissue
procurement, and the study was approved by the
Institutional Ethics Committee of Sichuan Provincial
People’s Hospital.

Immunohistochemical staining

Human cancer tissue sections were subjected to
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was calculated by multiplying intensity and density,
and the tumours were finally determined as negative
expression: score = 0; low expression: score ≤ 3; or
high expression: score > 3. If the two assessments did
not agree for a sample, the sample was re-evaluated
and classified based on the evaluations given most
frequently by the experts.

Table 1 Clinicopathological data of colorectal cancer patients
in this study
Characteristic
Total number of patients
Age (yr)
Median
Range
Sex, n
Male
Female
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Pathologic grade
Well
Moderate
Poor

Value
50
61
25-88

Statistical analysis

28
22

The data were analysed with the SPSS 16.0 for
2
Windows (SPSS Inc). Pearson χ test and Fisher’s exact
test were used to compare qualitative variables, and
quantitative variables were analysed by the t-test. The
correlation between clinicopathological factors and IL-6
expression was evaluated by the Spearman test for
non-parametric variables. P-values less than 0.05 were
considered statistically significant.

29
21
14
27
9

immunohistochemistry analysis using a Dako Envision
System (Dako Cytomation GmbH, Hamburg, Germany
Denmark) according to the manufacturer’s instructions.
In brief, tumour blocks were formalin-fixed, paraffinembedded, and cut into 4-μm-thick sections. The
sections were deparaffinized in xylene and rehydra
ted through diminishing concentrations of ethanol
(100%, 95%, 85%, and 75%). This was followed by
subsequent incubation in 3% H2O2 for 10 min in the
dark at room temperature to eliminate endogenous
peroxidase activity. Antigen-retrieval was performed by
heating the sections for 5 min in citrate buffer (pH 6.0)
using the autoclave sterilizer method. The sections
were then allowed to cool at room temperature for
60 min, and rinsed twice for 5 min with fresh PBS.
Thereafter, the slides were preincubated with healthy
bovine or goat serum albumin diluted in PBS (pH 7.4)
for 15 min at 37 ℃, and then incubated overnight at
4 ℃ with primary antibody specific for IL-6 (mouse
anti-IL-6, dilution 1:100, Proteintech). After three
rinses in fresh PBS, the slides were incubated for 40
min at 37 ℃ with horseradish peroxidase-coupled
secondary antibody. Following three additional washes,
all specimens were stained with 3,3’-diaminobenzidine
(DAB) substrate chromogen system (Dako Cytomation
GmbH). Finally, the sections were rinsed in distilled
water, and counterstained with Mayer’s haematoxylin
according to the manufacturer’s instructions. Nonimmune rabbit IgG at the same dilution as the primary
antibody was used as a negative control.

RESULTS
IL-6 expression is elevated in CRC

To explore the underlying clinical role of IL-6 in CRC,
the expression of IL-6 was examined by immunohis
tochemical staining in 50 CRC tissue samples and 50
matched adjacent normal mucosa tissue samples.
Strong IL-6 staining was mostly located in the
cytoplasm of CRC cells (Figure 1A), while partial
IL-6 staining was observed in the normal mucosa.
Strong IL-6 expression was observed in 8% (4/50)
of the normal colorectal mucosa samples and in 46%
(23/50) of primary CRC samples. IL-6 expression was
significantly increased in the CRC tissues compared with
the normal mucosa tissues (P < 0.001; Figure 1B).

IL-6 expression is associated with invasion depth and
lymph node metastasis in CRC

When analysing the levels of IL-6 expression in
colorectal tumour cells by immunohistochemistry, we
observed that IL-6 in tumour cells showed stronger
immunoreactivity as tumour cells invaded more deeply
(Figure 2A). This means that the tumour regions
that were closer to the invasion front showed higher
IL-6 expression levels. In addition, the majority of
tumor cells in lymph node metastases were also IL-6immunopositive (Figure 2B).

IL-6 expression correlates with several clinicopathologic
factors in CRC

Evaluation of immunohistochemical staining

We next analysed the association between the levels
of IL-6 expression and clinicopathologic parameters
in CRC, including TNM stage (stages Ⅰ, Ⅱ, Ⅲ, and
Ⅳ) and histological differentiation (well, moderately,
and poorly differentiated). The results showed that
the levels of IL-6 expression were inversely associated
with histological differentiation (P < 0.05, Figure 3A
and B), but positively correlated with TNM stage (P <
0.001, Figure 3C and D). Of the 50 IL-6-positive CRC
cases, 14 were well-differentiated, 27 moderately

Cells with observable brown particles in the cytoplasm
were taken as positive. All sections were assessed
by two professional pathologists who were blinded
to patient outcomes and all clinicopathologic data.
The immunohistochemical staining was evaluated
according to the intensity (weak = 1, intense = 2)
of IL-6 immunostaining and the density (0% = 0,
1%-50% = 1, 51%-75% = 2, > 76% = 3) of positive
[5]
carcinoma cells . The eventual score of each specimen
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Figure 1 Interleukin-6 expression is elevated in human colorectal cancer tissue samples. A: Individual FFPE sections demonstrated that colorectal cancer cells
had invaded underneath the colorectal mucosa. The IL-6 expression level was elevated in colorectal tumour tissues compared to adjacent non-tumour tissues. “T”
refers to tumour tissue, and “N” indicates adjacent non-tumour tissue from the same patient; B: IL-6 expression scores are shown as box plots, with the horizontal lines
representing the median, the bottom and top of the boxes representing the 25th and 75th percentiles, respectively, and the vertical bars representing the range of data.
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Figure 2 Interleukin-6 expression is associated with invasion depth and lymph node metastasis in colorectal cancer. A: Increased expression of IL-6 at the
invasive front of human CRC samples compared with tumour centre; B: The tumor cells in lymph node metastases were also IL-6-immunopositive. IL: Interleukin.
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P < 0.001
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Figure 3 Interleukin-6 expression is significantly correlated with histological differentiation and TNM stage. A: Poorly differentiated colorectal tumours showed
higher expression of IL-6 than moderately and well differentiated colorectal tumours; B: Comparison of immunohistochemical scores of IL-6 according to histological
differentiation (P < 0.05); C: Strong immunoreactivity was more likely to present with advanced-stage (stage Ⅲ/Ⅳ) CRC compared to early-stage (stage Ⅰ/Ⅱ); D:
Comparison of immunohistochemical scores of IL-6 according to TNM stage (P < 0.001).

differentiated and 9 poorly differentiated. In addition,
29 cases were classified as stage Ⅰ-Ⅱ, while 21 cases
were classified as stage Ⅲ-Ⅳ. Taken together, these
analyses indicated that the upregulation of IL-6 in CRC
cells correlates with tumour progression.

cytokine that enforces proliferation and anti-apoptotic
[2,13]
effects in tumour cells
. It has been reported that
IL-6 expression in serum samples from patients
was associated with an increased risk of colorectal
[19,20]
adenoma
. Until now, to the best of our knowledge,
there have been no relevant studies analysing the
levels of IL-6 expression in resected CRC samples by
immunohistochemistry combined with biostatistics.
In this study, we found that IL-6 expression was
elevated in CRC compared with normal mucosa, which
[21,22]
is consistent with previous studies
. In addition,
we found that the levels of IL-6 expression were
inversely associated with histological differentiation,
but positively associated with TNM stage. These
results imply that IL-6 may be involved in CRC
progression. Interestingly, the tumour regions that
were closer to the invasion front showed higher
IL-6 expression levels. Furthermore, the majority of
cancer cells in lymph node metastases were also IL-

DISCUSSION
Chronic inflammation is thought to be the leading
[13]
cause of many human cancers including CRC . In
patients with inflammatory bowel disease, the risk of
developing CRC is much higher than in the general
[18]
population . However, even in sporadic CRC with no
preceding chronic inflammation, inflammatory cells
infiltrate the tumour region and secrete inflammatory
cytokines, which contribute to cancer development.
Such “tumour-elicited inflammation” further empha
sizes the importance of chronic inflammation in cancer
progression. IL-6 is an NF-κB-regulated inflammatory
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Peer-review

6-immunopositive. These results suggested that IL-6
might be associated with CRC invasion and metastasis.
The mechanisms underlying IL-6-mediated CRC
initiation and development have been elucidated
comprehensively. IL-6 is a critical tumour promoter
[20]
during early CRC tumourigenesis . In mice with
colitis-associated cancer, anti-IL-6 receptor antibody
treatment reduced the incidence of colitis-associated
cancer (CAC) by decreasing the expression of key
[23]
genes in aerobic glycolysis . In an experimental CAC
mouse model, researchers found that the expression
levels of IL-6 protein were gradually increased after
the induction of dysplastic lesions over time. These
data suggested that IL-6 might be a therapeutic target
[24]
in CAC . Activation of the IL-6/Stat3 pathway via IL-6
trans-signaling plays an important role not only in CRC
[25,26]
initiation but also in CRC development
. According
to the growing evidence supporting a critical role for
IL-6 signaling in the development of both sporadic and
inflammation-associated CRC, therapeutics targeting
this pathway could be promising options for CRC
patients.

This is an interesting paper. The method they used to quantify IL-6 in CRC
specimens is only a qualitative method.
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stage and histological differentiation. Furthermore, IL-6 in tumour cells showed
stronger immunoreactivity as tumour cells invaded more deeply. These data
indicate that IL-6 might be used as a potential target for postoperative adjuvant
therapy in patients with CRC.

14

Terminology

Invasion depth, also called the depth of tumour invasion, is the most significant
histological predictor of lymph node metastasis in colorectal cancer. Increasing
evidence indicates that colorectal cancer with submucosal deep invasion
correlates with a poor prognosis.
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Abstract
AIM
To identify the miRNA-mRNA regulatory network in
hepatitis B virus X (HBx)-expressing hepatic cells.

Supported by the National Natural Sciences Foundation of
China, No. 81272253, No. 81502098 and No. 81670538; and the
Special National International Technology Cooperation of China,
No. 2015DFA31490.

METHODS
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established. The mRNA and miRNA expression profiles
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was performed to investigate the function of candidate
biomarkers, and the relationship between miRNA and
mRNA was studied by network analysis.
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RESULTS
Compared with L02/pcDNA cells, 742 unregulated
genes and 501 downregulated genes were determined
as differentially expressed in L02/HBx cells. Gene
ontology analysis suggested that the differentially
expressed genes were relevant to different biological
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RNAs with small molecular length, which play vital
[14]
roles in various biological and pathological processes .
Mounting evidence has suggested the importance of
miRNAs in the modulation of gene expression, cellular
proliferation, cellular mobility, cellular differentiation,
[15]
apoptosis and tumorigenesis . A number of miRNAs
have been identified to be substantially involved in
HCC cell proliferation, migration and invasion, among
which miR-122, miR-125, miR-199 family members
and so on are closely related with HBV-associated
[16]
HCC, especially . As has been widely interpreted,
the expression of miRNAs and their corresponding
target genes are often inversely modulated in different
[17]
backgrounds . Meanwhile, increasing evidence has
highlighted the success of a combined approach to
investigate the miRNA-mediated mRNA regulation in
[18,19]
various diseases
. Thus, an integrated analysis
of the expression and functional interaction involving
miRNA and mRNA makes it possible to successfully
identify the predicted miRNA-target network pattern
and functional candidates of miRNA-mRNA pairs
associated with HBx-related hepatocarcinogenesis.
In this study, we conducted a comprehensive
analysis for the first time to identify the functional
miRNA-mRNA interactive network in HBx-transfected
liver cells. By integrating the transcriptome and
miRNAome, our study shed light on the potential
molecular mechanism of HBx-related liver cell
malignant transformation.

processes. Concurrently, 22 differential miRNAs
were also determined in L02/HBx cells. Furthermore,
integrated analysis of miRNA and mRNA expression
profiles identified a core miRNA-mRNA regulatory
network that is correlated with the carcinogenic role of
HBx.
CONCLUSION
Collectively, the miRNA-mRNA network-based analysis
could be useful to elucidate the potential role of HBx
in liver cell malignant transformation and shed light on
the underlying molecular mechanism and novel therapy
targets for hepatocellular carcinoma.
Key words: Hepatitis B virus X protein; Hepatocellular
carcinoma; miRNA; mRNA; miRNA-mRNA network
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A number of miRNAs have been identified to
be substantially involved in hepatocellular carcinoma
cell proliferation, migration and invasion. Thus, an
integrated analysis of the expression and function of
miRNA and mRNA makes it possible to successfully
identify the predicted miRNA-target network pattern
and functional candidates of miRNA-mRNA pairs
associated with HBx-related hepatocarcinogenesis.
Chen RC, Wang J, Kuang XY, Peng F, Fu YM, Huang Y, Li N,
Fan XG. Integrated analysis of microRNA and mRNA expression
profiles in HBx-expressing hepatic cells. World J Gastroenterol
2017; 23(10): 1787-1795 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i10/1787.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1787

MATERIALS AND METHODS
Cell culture

The human liver cell line L02 (purchased from the
China Center for Type Culture Collection, China) was
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 100 U/mL penicillin, 100 μg/mL
streptomycin and 10% fetal bovine serum (Gibco,
Thermo Fisher, Waltham, MA, United States) in a cell
incubator with 5% CO2 at 37 ℃. L02 cells were then
transfected with empty plasmids pcDNA3.0 (as a
control) and pcDNA/HBx (the experiment group) by
TM
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United
®
States) and cell clones were selected with Geneticin
(G418) according to the manufacturer’s instructions
(Gibco). The efficiency of transfection with empty
vector (termed L02/pcDNA) or pcDNA/HBx (termed
L02/HBx) was validated by Western blot.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies around the world, accounting
[1,2]
for more than 745000 deaths per year . As a typical
inflammation-driven tumor, approximately 53% of HCC
cases happen in the setting of chronic virus infection
(mostly the hepatitis B virus (HBV) and hepatitis C
[3]
virus), especially in Asia . The HBV genome has 4 open
reading frames (ORFs), namely X, S, C and P genes.
The X gene, which encodes hepatitis B virus X (HBx)
protein, correlates most with HCC occurrence and
[4,5]
development . Mounting evidence indicates that the
integration of HBx into the host genome in hepatocytes
could lead to gene transcription, cell proliferation,
cell signaling transduction, protein degradation and
[6-9]
apoptosis . Moreover, several studies in vivo have
confirmed the high morbidity of HCC in HBx-expressing
[10-13]
transgenic mice
. However, the exact mechanism of
HBx-induced hepatocarcinogenesis remains relatively
poorly defined.
The miRNAs are a group of endogenously expressed

WJG|www.wjgnet.com

miRNA and gene expression profiling

L02/pcDNA and L02/HBx cells were cultured and
grown to 70%-90% confluency. Total cell RNA was
extracted by using Trizol reagents (Invitrogen)
following the manufacturer’s instructions. The RNA
quality was validated by agarose gel electrophoresis.
The mRNA and miRNA expression profile was identified
through RNA-sequencing (RNA-seq) analysis of the
total RNA sample (Novel Bioinformatics, China).
As a fast splice junction mapper for RNA-seq reads,
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GO annotations were downloaded from Gene Ontology
(http://www.geneontology.org/), UniProt (http://www.
uniprot.org/), and NCBI (http://www.ncbi.nlm.nih.
gov/). Fisher’s exact test was employed to determine
the significant GO categories and P values were
corrected by FDR.
Pathway analysis was employed to identify the
critical signal pathways of the differential expressed
genes based on the resources from Kyoto Encyclopedia
[24]
of Genes and Genomes (KEGG) database . Fisher’s exact
test was used to pick out the significant pathways
according to P value and FDR.

Table 1 The primer sequence of selected genes
Real-time PCR primer
Alpha-2-macroglobulin (A2M)
KIAA1522 (KIAA1522)
Procollagen C-endopeptidase
enhancer (PCOLCE)
Solute carrier family 22,
member 14 (SLC22A14)
Asparagine synthetase
(glutamine-hydrolyzing)
(ASNS)
Claudine 1 (CLDN1)
Origin recognition complex,
subunit 4 (ORC4)
Forkhead box C1 (FOXC1)
Spermatid perinuclear RNA
binding protein (STRBP)

Primer sequence (5'-3')
F: CGGAGAATGACGTACTCCACT
R: TGGGTTGGTCCTTTCACTTGG
F: CCAGGACAACGTCTTCTTTCC
R: CAGCCACCCTTGTTCAGTTTC
F: GTGCGGAGGGGATGTGAAG
R: CGAAGACTCGGAATGAGAGGG
F: TGGAGATGCTGTTACGCAGAT
R: CTGGAATGTGCCAAACTCCC
F: GGAAGACAGCCCCGATTTACT
R: AGCACGAACTGTTGTAATGTCA
F: CCTCCTGGGAGTGATAGCAAT
R: GGCAACTAAAATAGCCAGACCT
F: AGGTGACCGAACTAGCAGTG
R: CTGCCGGTGAGAAAATCTTGA
F: GGCGAGCAGAGCTACTACC
R: TGCGAGTACACGCTCATGG
F: GTGTGGTGTAATGAGGATTGGC
R: GTGGGCTCTTTTGTATTCCGAA

Quantitative real-time PCR analysis

The cDNA was synthesized using primers with the
PrimeScript Real-Time Reagent Kit (TaKaRa, Shiga, Japan)
in accordance with the manufacturer’s instructions.
Quantitative real-time PCR (Q-PCR) reactions were
conducted with an Applied Biosystem-7500 Real-Time
PCR System, using Taq PCR Master Mix (Zhongtai, China).
Human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control. The Ct values
of different mRNAs and miRNAs were normalized to
GAPDH and analyzed via the Applied Biosystems 7500
Fast Software. The primers of miRNAs were purchased
from Yingrun Biotechnologies Inc. (Changsha, China).
The primer sequences of selected genes are shown in
Table 1.

TopHat was used for RNA-seq alignment in our study.
Based on the ultra-high throughput short read aligner
Bowtie, TopHat aligns RNA-Seq reads to reference
genomes and further analyzes the mapping reads
to determine the possible splice junctions between
exons. In contrast, the unmapped reads are separated
into small parts, which enable them to align to the
[20]
reference genome and define splice junctions .

Statistical analysis

Differentially expressed mRNAs and miRNAs definition

Two-way ANOVA test was performed for statistical
analysis, using SPSS16.0 software. P < 0.05 was con
sidered to be statistically significant.

Limma algorithm was used to filter the differentially
expressed mRNAs and miRNAs, according to the
significant analysis and false discovery rate (FDR)
[21]
analysis . All data analysis meets the following two
criteria: (1) fold-change > 2 or < 0.5; and (2) FDR <
[22]
0.05 .

RESULTS
Differential gene expression profiles of L02/HBx cells

To elucidate the molecular mechanism underlying HBxmediated hepatocarcinogenesis, we first conducted the
RNA-seq analysis to compare the mRNA expression
profile of L02/HBx cells with that of L02/pcDNA L02
cells. Of 1243 differentially expressed genes, the
expression of 742 genes were upregulated and 501
genes expression were downregulated (fold-change ≥
2, P < 0.05) in L02/HBx cells (Figure 1A). The 20 topranking differentially expressed genes were subjected
to a cluster analysis (Figure 1B), which determined
several groups of genes with identical expression
patterns. According to comparison with the control
L02/pcDNA cells, the expression of GPR6, KLHL31,
FOXC1, UGT1A7 and MAGEA4 was most upregulated
and of SLC22A14, HBG2, PCOLCE, A2M and KIAA1522
was most significantly downregulated in L02/HBx cells.
These differentially expressed genes were diversely
involved in DNA replication, cell cycle, cell proliferation,
cell adhesion, cell-cell signaling, metabolic process,
tumor transformation and several other signaling
pathways.

Identification of miRNA-targeted genes and mRNAmiRNA regulatory network

TargetScan and miRnada were utilized as analysis
tools for miRNA target prediction based on the
[20]
differentially expressed mRNAs and miRNAs . The
complex relationship between mRNAs and miRNAs
was elucidated to build the miRNA-mRNA network
according to differential expression values as well as
the interactions of miRNA and their target genes listed
in the Sanger MicroRNA database. In the miRNAmRNA interaction network, the shape of square
represents miRNAs and the circle represents target
genes. The key genes and miRNAs usually possess the
biggest degrees in the entire network.

Gene ontology category and pathway analysis

We then performed gene ontology (GO) analysis
to help elucidate the concrete biological functions
of specific genes with significant differences in the
[23]
representative profiles of the miRNA target genes .
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Figure 1 Differential mRNA expression between L02/HBx and L02/pcDNA cells. A: The global expression profile of L02/HBx and L02/pcDNA cells was analyzed
by RNA-sequencing analysis. Heat map shows the differential gene expression patterns (fold-change > 2 or P < 0.5); B: The 20 top-ranking upregulated (left) and
downregulated (right) genes represented on a heat map; C: Quantitative real-time PCR (Q-PCR) verification of selected differential gene expression in L02/HBx and
L02/pcDNA cells. The relative expression levels of these genes were normalized to GAPDH; D: Correlation analysis of mRNA expression data detected by microarray
and Q-PCR respectively (P = 0.0369). aP < 0.05.

GO and KEGG pathway analyses of putative target
genes

Next, we performed Q-PCR to confirm the relative
mRNA expression of the 9 selected genes in which
we were interested for further study. As shown in
Figure 1C, the relative mRNA expression levels of 5
upregulated and 4 downregulated genes measured
by Q-PCR were totally consistent with the RNA-seq
results. Taking the sensitivity of two methods into
consideration, the gene expression changes in RNAseq were not exactly the same with that in Q-PCR
analysis; however, there was a highly similar tendency
between the two groups (Figure 1D; r = 0.7167, P =
0.0369).
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In order to elucidate the correlation between differ
entially expressed genes and HBx-related hepato
carcigenesis, GO and signaling pathway analyses were
applied respectively. GO analyses demonstrated that
the 1243 annotated genes displayed diverse biological
functions. The 742 upregulated genes were majorly
correlated with the response to gene expression,
DNA replication, DNA repair, cell cycle, cell division,
and cellular response to DNA damage stimulus, while
501 downregulated genes were mainly related to
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proteoglycans in cancer and MAPK signaling pathway
(Figure 2B).

immune response, cell-cell signaling, cell adhesion,
signal transduction and cell surface receptor signaling
pathway (Figure 2A). Of note, further KEGG signal
pathway analysis revealed that upregulated genes
were briefly related to hepatitis B, mismatch repair,
cell cycle, NF-κB signaling pathway and p53 signaling
pathway, while downregulated genes were mostly
involved in glutathione metabolism, PPAR signaling
pathway, cytokine-cytokine receptor interaction,
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Analysis of miRNA expression patterns of L02/HBx cells

Compared with L02/pcDNA cells, 6 miRNAs were
decreased and 16 miRNAs were upregulated in L02/
HBx cells (Figure 3A). Specially, hsa-miR-7, hsa-miR551b, hshv-miR-K12-12, hsa-miR-1274a, hsa-miR-663
and hsa-miR-182 were found to be downregulated;
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A

B
LO2/pcDNA cell

LO2/HBx cell

mRNA seq

miRNA seq

C
Differential mRNAs

Differential miRNAs

TargetScan + miRnada

Significant miRNA-mRNA pairs

Core miRNA-mRNA network

Figure 4 The miRNA-mRNA regulatory network in HBx-expressing cells. A: The strategy for constructing the miRNA-mRNA network associated with HBx
integration; B: Hub miRNA-target network associated with HBx integration determined by bioinformatics analysis; C: A core miRNA-mRNA network was constructed by
integrating the expression change of predicted target genes in L02/HBx cells.

meanwhile, hsa-miR-488, hsa-miR-340, hsa-miR181a*, hsa-miR-17*, hsa-miR-1307, hsa-miR-660,
hsa-miR-1226*, hsa-miR-29c, hsa-miR-501-5p, hsamiR-431, hsa-miR-193a-3p, hsa-miR-24-1*, hsamiR-1288, hsa-miR-324-5p, hsa-miR-590-5p and hsamiR-564 were upregulated in L02/HBx cells. Then, the
expression of 4 differentially expressed miRNAs was
further validated through Q-PCR analysis, namely hsamiR-17*, hsa-miR-7, hsa-miR-1307 and hsa-miR-663.
As shown in Figure 3B, there was a consistent
tendency of expression changes between miRNA-seq
and Q-PCR data.

and they play a substantial role in biological system
progression. Hub miRNAs are generally defined as
the top 10%-15% of the nodes by degree. Eleven
differentially expressed miRNAs were identified as
hub miRNAs in our study (Figure 4B). We found that
miR340-5p is the one that regulates the most genes,
as many as 51 predicted target genes. Furthermore,
we also found that several miRNAs modulate a few
common target genes through a combinational manner
(Figure 4B). In order to identify the core miRNA-mRNA
regulatory network, which is most functionally related
to HCC development, the functional enrichment of
these predicted target genes was analyzed. Genes
closely related with cancer-associated pathways, such
as DNA replication, gene expression, cell cycle, cell
division, metabolic processes, signal transduction
and so on, were especially picked out to build up
the essential miRNA-mRNA regulatory network.
Significantly, the miRNAs and their target genes
displayed opposite expression patterns in L02/pcDNA
and L02/HBx cells. As an example, the increased
miRNAs in L02/HBx cells, such as hsa-miR-182-5p and
hsa-miR-7-5p, may repress the expression of negative
modulators, for instance, MEF2C and GLI3, to promote
the cell transformation (Figure 4C). In contrast, the
decreased miRNAs, including hsa-miR-501-5p, hsamiR-340-5p, has-miR324-5p and has-miR-488-3p,
may release the suppression of their target genes,

Integrated analysis of miRNA and mRNA expression
profiles

It is generally believed that the network-based iden
tification of hub miRNA patterns possesses higher
accuracy compared with non-network-based methods.
Thus, we employed the strategy illustrated in Figure
4A to identify the miRNA-mRNA regulatory network in
L02 cells transfected with HBx. Through analysis using
miRnada and TargetScan software, potential miRNA
targets were successfully predicted. In combination
with the expression pattern of target genes (Figure
1A), we generated several significant miRNA-mRNA
pairs, which exhibited opposite expression patterns in
L02/pcDNA and L02/HBx cells.
Hubs refer to the central parts of a network,
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for example, JAK1, MAPK1, STX3 and BCL10, whose
expression was upregulated in L02/HBx cells. The
activation of these potential miRNA target genes might
help to establish HBx-induced HCC progression.
Summarizing all the results, we have demonstrated
that these core miRNAs may function as crucial
regulators by modulating DNA replication, gene
expression, cell cycle, cell division, metabolic processes
and signal transduction, thus playing vital roles in
tumorigenesis.

cells, we may arrive at a conclusion that liver cells
might develop various cellular responses and gain
malignant potentials given the transfection of HBx.
With regard to the altered miRNAs, we successfully
identified 6 downregulated and 16 upregulated
miRNAs in L02/HBx cells by the application of custom
microarray. Of these altered miRNAs, several, such
as hsa-miR-338-3p and hsa-miR-29c, have been
previously reported to be involved in HBx-associated
[31]
HCC development . Despite the fact that several
research groups have independently established the
HBx-regulated mRNA or miRNA expression pattern by
identifying different mRNAs as well as miRNAs in the
[31-34]
presence of HBx
, few studies have focused on the
miRNA-mRNA modulation and interaction.
Actually, hepatocarcinogenesis is a complex
process in response to external and internal stimuli,
and miRNA-target gene modulation is a crucial
means of cellular response. Therefore, identification
of miRNA-target with opposite expression patterns
facilitated our selection of the potential miRNA as well
as their corresponding target genes in HBx-related cell
transformation. Bioinformatics analysis demonstrated
that 11 hub miRNAs participated in constructing
the miRNA-mRNA regulatory network (Figure 4B).
Next, we will carry out more specific research on
the function of those hub miRNAs in order to gain a
better understanding of their role in HCC. Moreover,
in this study, we also acquired an understanding of
the essential miRNA-mRNA interactive network on
the basis of functional enrichment (Figure 4C). The
corresponding target genes for the 11 hub miRNAs,
including JAK1, MAPK1, STX3 and BCL10, are crucial
regulators in cell cycle, gene expression, signal
[35-37]
transduction and apoptosis
. Thus, identification
of the target genes modulated by the dysregulated
miRNAs will greatly promote our understanding of
HBx-associated hepatocarcinogenesis and facilitate
design of new targeted therapeutic agents.
Collectively, we not only identified the mRNAs and
miRNAs that may become the potential predictors and
diagnostically valuable biomarkers of HBV-related HCC
but we also established a core functional miRNA-mRNA
regulatory network in the context of HBx-induced cell
transformation. This study shows that HBx transfection
of liver cells is correlated with gene expression, cell
cycle, signal transduction and apoptosis disturbance.
The established network might reveal the regulation
from miRNAs to target genes in the development of
HBx-induced malignant transformation in HCC cells.
Thus, it will be helpful to further investigate the novel
function of HBx in hepatocarcinogenesis with the
selection of miRNA-mRNA pairs.

DISCUSSION
HCC is one of the deadliest malignancies, with dismal
prognosis around the world. In southeast Africa and
China, chronic HBV infection is the most important
cause of HCC. At present, the molecular mechanism of
HBV-related HCC development is not fully understood,
and the HBx gene is frequently regarded as a vital
[25,26]
regulator in HBV-related hepatocarcinogenesis
.
Due to being integrated into the host genome, the
HBx gene can act as a transactivator of numerous
host cellular genes related with growth control, cell
[10]
cycle and malignant transformation . Therefore, a
better understanding of the specific role of HBx in
hepatocarcinogenesis is vital to the advancement
of HCC treatment. Although a number of studies
have been investigating the molecular mechanism
underlying HBx-associated HCC development, the
conclusions from different groups have varied from
[8,27-29]
among each other
. Thus, a more reliable
strategy was employed in our study to help improve
the understanding of gene regulations on HBX-related
progression on the basis of the combined analysis of
the miRNA-mRNA regulatory network.
Of all the differentially expressed genes, a
substantial proportion were associated with gene
expression, DNA repair, cell cycle, cell division,
metabolic processes, cell-cell signaling, cell adhesion
and signal transduction (Figure 1C and D). These
differentially expressed mRNA might vigorously
participate in the hepatic malignant cell transformation
through regulating multiple cellular processes. We
further obtained the associated signal pathways
modulated by the differential expressed genes with
KEGG analysis. Among the 52 pathways mediated
by the upregulated genes, 5 pathways have been
confirmed to be HBx-related, including the hepatitis
B pathway, cell cycle, apoptosis, and NF-kappa B and
p53 signaling pathways. There is only one HBx-related
signaling pathway among the 21 pathways mediated
by downregulated genes, namely MAPK signal
[7]
pathway . Through regulating these 6 pathways
and possibly other potential pathways as well, HBx
might play a crucial role in hepatocarcinogenesis
[30]
via modulating chromosome integrity , cell pro
[29]
[8]
liferation , cell cycle , apoptosis and oncogene
[27,28]
expression
. Combining the function and pathway
analysis for differentially expressed genes in L02/HBx
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Abstract
AIM
To explore the anti-tumor effects of esophageal cancerrelated gene 2 (ECRG2) in combination with cisplatin
(DDP) in DDP-resistant esophageal cancer cells
(EC9706/DDP).

Institutional review board statement: The study was reviewed
and approved by the Henan Cancer Hospital Institutional Review
Board.
Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS
A drug-resistant cell model was established, with
EC9706/DDP cells being treated with ECRG2 and/
or DDP. Cell viability was examined by MTT assay.
The rate of cell apoptosis was determined by flow
cytometry. The mRNA expression levels of proliferating
cell nuclear antigen (PCNA), metallothionein (MT), and
p53 were determined by RT-PCR and PCNA, while MT
and p53 protein expression levels were determined by
western blotting.
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in relation to this manuscript.
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which permits others to distribute, remix, adapt, build upon this
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different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The anti-proliferative effect of ECRG2 in combination
with DDP was superior when compared to ECRG2 or
DDP alone. The inhibition rate for the combination
reached its peak (51.33%) at 96 h. The early apoptotic
rates of the control, ECRG2 alone, DDP alone, and
ECRG2 plus DDP groups were 5.71% ± 0.27%,
12.68% ± 0.61%, 14.15% ± 0.87%, and 27.96% ±
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[3-6]

metastatic esophageal cancer . Unfortunately, DDP
resistance and dose-limiting side effects have been a
challenge to any further improvement of this treatment’
s efficacy. These obstacles call for a novel combination
of therapeutic approaches in order to achieve high
[7]
therapeutic efficacy at a lower drug dose .
Esophageal cancer related gene 2 (ECRG2)
was first separated and identified, using the mRNA
technique of differential display, in normal esophageal
[8]
tissues and esophageal cancer tissues in 1998 . It
has been reported that ECRG2 inhibits tumor cell
growth and promotes cell apoptosis in vivo and in
[9,10]
vitro
. In our previous study, we found that ECRG2
combined with DDP had an enhanced inhibitory effect
on EC9706 cell proliferation and an increased inductive
effect on EC9706 cell apoptosis when compared to
[11]
ECRG2 alone . This suggests that ECRG2 may be
involved in the drug resistance of esophageal cancer.
There are currently no known studies in the literature
examining the effects of ECRG2 on the drug resistance
of esophageal cancer. In the present study, we
established a drug-resistant cell model to explore the
effects of ECRG2 on drug resistant cells.

0.36%, respectively. Although all treatment groups
were significantly different from the control group (P <
0.05), the combination treatment of ECRG2 plus DDP
performed significantly better when compared to either
ECRG2 or DDP alone (P < 0.05). The combination of
ECRG2 and DDP significantly upregulated p53 mRNA
and protein levels and downregulated PCNA mRNA
and protein levels compared to ECRG2 or DDP alone
(P < 0.05). However, no changes were seen in the
expression of MT mRNA or protein.
CONCLUSION

ECRG2 in combination with DDP can inhibit viability and

induce apoptosis in esophageal cancer DDP-resistant
cells, possibly via upregulation of p53 expression and
downregulation of PCNA expression. These findings
suggest that the combination of ECRG2 and DDP may
be a promising strategy for the clinical treatment of
esophageal cancers that are resistant to DDP.
Key words: Esophageal cancer related-gene 2; Cisplatin;
Resistance; p53; Proliferating cell nuclear antigen
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Cisplatin (DDP) is one of the most effective
agents in treating esophageal cancer, but drug
resistance poses a major impediment. Combination
therapy has become an important method for
overcoming drug resistance. This study showed
that esophageal cancer-related gene 2 (ECRG2)
in combination with DDP can inhibit viability and
induce apoptosis in DDP-resistant esophageal cancer
cells, possibly via upregulation of p53 expression
and downregulation of proliferating cell nuclear
antigen expression. These findings suggest that the
combination of ECRG2 and DDP may be a promising
strategy for the clinical treatment of esophageal
cancers that are resistant to DDP.

Cell culture and reagents

PCNA, p53, and MT primers and ECRG2 protein were
manufactured by Sangon Biological Engineering
Co., Ltd. (Shanghai, China). DDP was bought from
Qilu Pharmaceutical Co., Ltd. (Jinan, China). RPMI
1640 medium and fetal bovine serum (FBS) were
purchased from HyClone (Logan, UT, United States).
3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide (MTT), TRIzol, and annexin V-FITC apoptosis
detection kits were purchased from Sigma Co. (St.
Louis, MO, United States). The reverse transcription
and amplification kits were purchased from Promega
Co. (Madison, WI, United States). The rabbit antihuman PCNA and p53 antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, United
States). The rabbit anti-human MT and goat antirabbit IgG antibodies were purchased from Abcam
(Cambridge, United Kingdom). The human esophageal
cancer cell line EC9706 was provided by the tumor cell
library of the Academy of Medical Sciences in China.

Hou XF, Xu LP, Song HY, Li S, Wu C, Wang JF. ECRG2
enhances the anti-cancer effects of cisplatin in cisplatinresistant esophageal cancer cells via upregulation of p53
and downregulation of PCNA. World J Gastroenterol 2017;
23(10): 1796-1803 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1796.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1796

Establishment of a drug-resistant cell line

We shocked EC9706 cells in the logarithmic phase with
a final concentration of 2 mg/L of DDP. We discarded
the culture solution after 48 h, washing 3 times with
PBS. The cells were cultured in a fresh nutrient solution
and washed every 2 d to remove dead cells. When
the cells reached stable growth, we increased the DDP
concentration, and repeated until the cells maintained
growth in a medium with a concentration of 0.5 mg/L of
DDP. The cells were cultured in a RPMI-1640 medium
containing 10% fetal bovine serum, 100 U/m penicillin,

INTRODUCTION
Esophageal cancer is a severe global health problem
with an incidence that ranks eighth among all of the
[1]
malignant cancers . In spite of improvements in earlystage detection, most tumors are already at an advanced
[2]
stage upon initial diagnosis . Cisplatin (DDP)-based
doublets have been the most commonly used treatment
regimen for most patients with locally advanced or
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100

PCR. The primers for PCNA were 5’-ACCGCTGCGACC
GCAATTTG-3’(forward) and 5’-ACGTGCAAATTCACC
AGAAGGCATC-3’(reverse). The primers for MT were
5’-CGGATCCAGACTCAAACAGGCTTTTAT-3’ (forward)
and 5’-CGGATCCCGGAATGGACCCCAACTGCT-3’
(reverse). The primers for p53 were 5’-ATTTGCGTGTG
GAGTATTTGG-3’ (forward) and 5’-GCTGTTCCGTCCCAGT
AGATTA-3’ (reverse). The primers for GAPDH were
5’-TCATGGGTGTGAACCATGAGAA-3’ (forward) and
5’-GGCATGGACTGTGGTCATGAG-3’ (reverse). PCR
amplification was performed using a kit under the
following conditions: 95 ℃ for 5 min, followed by 30
cycles at 95 ℃ for 40 s, 55 ℃ for 40 s, and 72 ℃ for 1
min. The expression level of mRNA encoding the p53,
PCNA, and MT genes were evaluated and normalized
relative to that of GAPDH.
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Figure 1 Survival rate of EC9706 and EC9706/cisplatin (DDP) cells treated
with various concentrations of DDP. A dose-dependent association between
the survival rate of EC9706 and EC9706/DDP cells and the concentration of
DDP can be observed. The survival of EC9706 cells was significantly lower
compared to EC9706/DDP cells following treatment with various concentrations
of DDP. The IC50 of DDP in EC9706 cells is 3.34 ± 0.27 μg/mL, while the IC50
of DDP in EC9706/DDP cells is 16.83 ±1.46 μg/mL.

Western blot

The cells were collected from each group and lysed
in 200 μL of 1% Tween 20 in PBS by five cycles of
freezing and thawing. The insoluble proteins were
removed by centrifugation. After quantification of
the total protein, the protein was separated on 8%
polyacrylamide gel (PAGE), and transferred to a
PVDF membrane (Millipore). The membranes were
then blocked with 5% non-fat dry milk in PBS-Tween
20 for 1 h at room temperature. After incubation
with polyclonal rabbit anti-human MT, PCNA, or p53
antibody overnight at 4 ℃ at a 1:500 dilution, the
membranes were incubated with a secondary HRPconjugated anti-rabbit antibody at a 1:1000 dilution
and then washed again three times with PBST buffer.
The transferred proteins were visualized using an ECL
detection kit according to the manufacturer’s protocol.

100 U/mL streptomycin, and 0.5 mL/L DDP in a
humidified incubator at 37 ℃ with 5% CO2.

Cell viability

Drug sensitivity was analyzed by MTT assay. The
3
cells were plated at 1 × 10 cells/mL in 96-well plates
in a volume of 100 μL and incubated for 24 h. The
media were discarded and cells were treated with
various concentrations of DDP or ECRG2 for 72 h.
A total of 20 μL of 5 g/L MTT solution was added to
each well, with cells then being incubated for 4 h
at 37 ℃. The medium was discarded and 150 μL of
dimethyl sulfoxide was added to each well, which was
then shaken to completely dissolve the blue-purple
precipitate from the MTT. A microplate reader was
used to test the absorbance (OD) of each well at 490
nm and average values were obtained. Cell viability
was calculated using the formula: (OD treated well-OD
blank)/(OD control well-OD blank) × 100.

Statistical analysis

The SPSS 13.0 software system (SPSS, Inc., Chicago,
IL, United States) was used for statistical evaluation.
The data are expressed as the mean ± SD for at least
3 independent experiments. Statistical significance was
evaluated by analysis of variance (ANOVA) with Tukey’s
post hoc test. A P value of < 0.05 was considered to indi
cate a statistically significant result.

Cell apoptosis assay using annexin-V FITC/PI

The cells were seeded in a 6-well plate at a density of
5
4 × 10 cells per well. After overnight attachment, cells
were treated with ECRG2 and/or DDP for 24 h. The
cells were then harvested by trypsinization, washed
3
with cold PBS, centrifuged at 1 × 10 rpm for 5 min,
and resuspended in 1 × binding buffer. 500 µL of
each sample solution was then added to 5 µL of FITCconjugated annexin-V and 10 µL of PI, followed by
incubation for 15 min in the dark at room temperature.
The samples were then measured by flow cytometry.

RESULTS
Establishment of drug-resistant, EC9706/DDP cells

The EC9706/DDP cell line was established after several
months of intermittent exposure by the parental cells
to a gradually increasing concentration of drugs. After
the EC9706 and EC9706/DDP cells were treated with
DDP at various concentrations (1, 2, 4, 8, 16, 32
μg/mL) for 48 h, the cell viability rate was examined
by MTT assay. As shown in Figure 1, the IC50 for 48
h of DDP in the EC9706/DDP cells was 16.83 ± 1.46
μg/mL and the IC50 for 48 h of DDP in the parental
EC9706 cells was 3.34 ± 0.27 μg/mL. Therefore, the
EC9706/DDP cells were five times more resistant to
DDP compared to the parental cells.

RNA isolation and RT-PCR

Each group of cells was collected after 24 h of drug
treatment. The total RNA was extracted from each
group of cells using TRIzol reagent according to the
manufacturer’s protocol. The cDNA was made via the
protocol for the Reverse Transcription System for RT-
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Figure 2 Survival rate at various concentrations of esophageal cancerrelated gene 2. A dose- and time- dependent association between the survival
rate of the EC9706/cisplatin (DDP) cells and the concentration of ECRG2.
A longer incubation time with ECRG2 significantly decreased the survival
rate of EC9706/DDP cells. The same was found for treatments with a higher
concentration of ECRG2.
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Figure 4 Effects of esophageal cancer-related gene 2 combined with
cisplatin (DDP) on cell apoptosis in EC9706/DDP cells. Cells were treated
with esophageal cancer-related gene 2 (ECRG2) (6.5 μg/mL) alone, DDP (3
μg/mL) alone, or a combination of ECRG2 and DDP for 24 h. Early apoptosis
was determined by flow cytometry using annexin V/PI staining. Annexin V was
set as the horizontal axis and PI was set as the vertical axis. Mechanicallydamaged cells are located in the upper left quadrant, apoptotic or necrotic
cells in the upper right quadrant, dual negative and normal cells in the lower
left quadrant, and early apoptotic cells in the lower right quadrant of the flow
cytometry dot plot. Data are shown as the mean ± SD. aP < 0.05 vs control
group; cP < 0.05 ECRG2 +DDP vs DDP; eP < 0.05 ECRG2 + DDP vs ECRG2.

Figure 3 Effects of esophageal cancer-related gene 2 combined with
cisplatin (DDP) on cell viability in EC9706/DDP cells. Cells were treated
with dimethyl sulfoxide, ECRG2 (6.5 μg/mL) alone, DDP (3 μg/mL) alone, or
a combination of ECRG2 (6.5 μg/mL) and DDP (3 μg/mL) for 24 h, 48 h, 72 h,
and 96 h. Cell viability was detected via MTT assay.

Effects of ECRG2 on the EC9706/DDP cells

To evaluate the effects of ECRG2 on the growth and
viability of the cells, the EC9706/DDP cells were
treated with various concentrations of ECRG2 (5.5,
6.5, 7.5, 8.5 μg/mL). The growth rate of the cells was
found to be inhibited in a dose- and time- dependent
manner by the ECRG2 protein (Figure 2).

Effects of ECRG2 and DDP on apoptosis of the EC9706/
DDP cells

We next examined the effect of ECRG2 and DDP on
cell apoptosis by performing annexin V/PI staining.
The early apoptotic rates of the control, ECRG2 alone,
DDP alone, and ECRG2 plus DDP groups were 5.71%
± 0.27%, 12.68% ± 0.61%, 14.15% ± 0.87%, and
27.96% ± 0.36%, respectively. Although all treatment
groups were significantly different from the control
group (P < 0.05), the combination treatment of ECRG2
plus DDP performed significantly better when compared
to either ECRG2 or DDP alone (P < 0.05) (Figure 4).

Effects of combination treatment of ECRG2 and DDP on
the EC9706/DDP cells

Based on the results above, we used 3 μg/mL of DDP
and 6.5 μg/mL of ECRG2 for 48 h in EC9706/DDP cells
for further experiments. As shown in Figure 3, the
anti-proliferative effect of ECRG2 in combination with
DDP was better compared to ECRG2 or DDP alone.
These results suggest that a combination treatment of
ECRG2 and DDP resulted in a synergistic decrease in
cell viability compared to each treatment alone. The
inhibition rate for the combination reached its peak
(51.33%) at 96 h (Figure 3).
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To further elucidate the mechanisms involved in ECRG2
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Figure 5 Effects of esophageal cancer-related gene 2 and cisplatin (DDP) on the expression of proliferating cell nuclear antigen, p53, and metallothionein
mRNA. Ⅰ: Drug-resistant cell group; Ⅱ: DDP group; Ⅲ: DDP + esophageal cancer-related gene 2 (ECRG2) group. Data were expressed as the mean ± SD, n = 3.
a
P < 0.05 vs control; cP < 0.05 vs control; eP < 0.05 vs DDP groups.

in combination with DDP on the anti-proliferative
effects in drug-resistant cells, the expression of p53,
PCNA, and MT mRNA were evaluated in cells using RTPCR analysis. As shown in Figure 5, 3 μg/mL of DDP
upregulated the expression of p53 and downregulated
the expression of PCNA (P < 0.05). When ECRG2
protein was combined with DDP, p53 mRNA expression
significantly increased and PCNA mRNA expression
decreased compared to DDP alone (P < 0.05).
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However, changes in the expression of MT mRNA were
not observed (Figure 5).

Effects of ECRG2 and DDP on the expression of the
PCNA, p53, and MT proteins

As shown in Figure 6, the results of the western
blot were consistent with RT-PCR; 3 μg/mL of DDP
upregulated the expression of p53 protein and
downregulated the expression of PCNA protein. When
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Ⅰ

Ⅱ

autophagy is a novel target to improve the efficiency
of DDP in human esophageal cancers with acquired
resistance.
In this study, we first established an EC9706/DDP
cell line derived from in vitro treatment of sensitive
cells as a model to examine the effect of ECRG2
on DDP resistance. The results demonstrated that
a combination of ECRG2 and DDP had synergistic
inhibitory effects on the proliferation of EC9706/DDP
cells. The inhibition rate was significantly higher in
EC9706/DDP cells treated with ECRG2 and DDP
compared to cells treated with ECRG2 or DDP alone.
This suggests ECRG2 may reduce or inhibit DDP
resistance.
The mechanism through which cancer cells
develop resistance to chemotherapy is associated
with increased resistance to apoptosis. Agents that
induce apoptosis have been reported to sensitize
[15]
[9,10]
tumor cells to DDP . Cui et al
reported that
ECRG2 promoted cell apoptosis in vivo and in vitro.
Here, we provided experimental evidence showing
the combination of ECRG2 and DDP promoted the
apoptosis of esophageal DDP-resistant cancer cells. A
[16]
study by Li et al showed that ECRG2-overexpressing
cells had a higher expression of p53. We therefore
compared the p53 expression levels of the control,
DDP alone, and ECRG2 plus DDP groups. Our results
proved that p53 was involved in this process. The
pivotal role of p53 pro-apoptotic function in sensitivity
[17,18]
to DDP has also recently been reported
. The
tumor suppressor protein p53 has been shown to
mediate the cellular stress response, as well as initiate
DNA repair, cell-cycle arrest, senescence, and, most
notably, apoptosis. However, p53 can also induce
DNA-damage, thereby further promoting cell death.
Therefore, we believe the combination of ECRG2 and
DDP induced overexpression of p53 and then increased
the response to DDP by the p53 pro-apoptotic function
in esophageal DDP-resistant cancer cells.
In addition to p53, there are other molecules
[19]
involved in DDP resistance. Dillehay et al
reported
a novel small molecule targeting PCNA-induced DNA
damage and apoptosis in prostate cancer cells, as well
as enhancing DNA damage and apoptosis triggered
by DDP in a p53-independent manner. Expression
of PCNA genes in all organisms is traditionally
associated with cell proliferation and thus with DNA
synthesis during genome replication in the S phase
[20]
of the cell cycle . However, recent developments
in PCNA protein interactions, trimer formation, and
signaling regulation allow for the potential of possible
[21]
therapeutic targeting of PCNA . Both peptides and
small molecules targeting PCNA signaling have been
reported to sensitize cancer cells to chemotherapeutic
[22,23]
agents
. A PCNA inhibitor can increase DNA
double-strand breaks and cause the accumulation of
DNA damage, which will eventually lead to cell death
[19]
in cells that lack the ability to repair this damage .
In the present study, we demonstrated that the small
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Figure 6 Effects of esophageal cancer-related gene 2 and cisplatin
(DDP) on the expression of proliferating cell nuclear antigen, p53, and
metallothionein proteins. Ⅰ: Drug-resistant cell group; Ⅱ: DDP group;
Ⅲ: DDP + esophageal cancer-related gene 2 (ECRG2) group. Data were
expressed as the mean ± SD, n = 3. aP < 0. 05 vs control; cP < 0.05 vs control;
e
P < 0.05 vs DDP groups.

ECRG2 protein was combined with DDP, expression of
p53 protein was significantly increased and expression
of PCNA protein was decreased compared to DDP
alone (P < 0.05). However, no changes were seen in
the expression of MT protein (Figure 6).

DISCUSSION
DDP is one of the most effective anti-cancer agents
widely used in the treatment of solid tumors, in
cluding esophageal cancer. Despite a consistent rate
of initial response, DDP treatment often results in
the development of chemoresistance, leading to
therapeutic failure. Combination therapy has become
an important method of overcoming drug resistance.
There have been many attempts to overcome DDP
[12]
resistance in esophageal cancer cells. Lee et al
reported that the novel oxygen carrier YQ23 enhanced
the DDP response of chemoresistant esophageal tumor
xenografts, as well as reducing tumor size and the
[13]
number of animals with invasive tumors. Lai et al
provided evidence that 14-3-3σ, or its related DNA
repair molecule, is a promising therapeutic target for
counteracting DDP resistance in esophageal squamous
[14]
cell carcinoma. Furthermore, Yu et al
suggested
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Applications

molecule ECRG2 combined with DDP reversed DDP
resistance by downregulating PCNA expression in
esophageal DDP-resistant cancer cells. However, the
underlying molecular mechanisms of this phenomenon
require further future exploration.
MT is a low molecular weight protein that is rich in
[24]
cysteine . In recent years, the relationship between
MT and tumors has received increasing attention,
including the role of MT in tumor formation and the
differentiation, proliferation, and apoptosis of tumor
cells and tumor tissue in ammonia chloride DDP
[25,26]
chemotherapy drug resistance
. In vitro and in
vivo studies show that overexpression of MT involved
in DDP resistance, MT expression level, and DDP
resistance level are related, with MT increasing DDP
[27,28]
resistance
. However, another study demonstrated
that the expression of MT was not related to resistance
[29-31]
in DDP treatment
. In this present study, we found
no significant change in the expression of MT after
increasing DDP and ECRG2. ECRG2 in combination
with DDP promotes cell apoptosis and inhibits cell
proliferation, but not by reducing the expression of MT.
In conclusion, we showed in the present study
that ECRG2 in combination with DDP reduces or
inhibits DDP resistance and induces cell apoptosis
by upregulating p53 expression and downregulating
PCNA expression, but not MT expression. Our results
suggest that the combination of ECRG2 and DDP may
be a promising strategy for the clinical treatment
of esophageal cancers that are resistant to DDP.
The effects of combined ECRG2 and DDP treatment
on DDP-resistant cancer cells should be further
investigated and confirmed in other human cancer cell
lines, as well as animal models of cancers.

This study shows that ECRG2 in combination with DDP can inhibit viability and
induce apoptosis in esophageal cancer DDP-resistant cells, possibly through
upregulation of p53 expression and downregulation of PCNA expression. These
findings suggest that the combination of ECRG2 and DDP may be a promising
strategy for the clinical treatment of esophageal cancers that are resistant to
DDP.
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This is an interesting study about ECRG2 enhancing the anticancer effects of
DDP in DDP-resistant esophageal cancer cells.
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AIM
To verify whether curcumin (Cur) can treat inflammatory
+
+
bowel disease by regulating CD8 CD11c cells.

INTRODUCTION

METHODS
We evaluated the suppressive effect of Cur on
+
+
CD8 CD11c cells in spleen and Peyer’s patches (PPs)
in colitis induced by trinitrobenzene sulfonic acid. Mice
with colitis were treated by 200 mg/kg Cur for 7 d. On
day 8, the therapeutic effect of Cur was evaluated by
visual assessment and histological examination, while
+
+
co-stimulatory molecules of CD8 CD11c cells in the
spleen and PPs were measured by flow cytometry.
The levels of interleukin (IL)-10, interferon (IFN)-γ and
transforming growth factor (TGF)- β1 in spleen and
colonic mucosa were determined by ELISA.

As one of integrin family, CD11c is a type Ⅰ trans
membrane protein that mediates adherence between
leukocytes and endothelial cells, and participates
in exudation and phagocytosis of leukocytes. It is
suggested that CD11c induces tissue injury and the
[1]
inflammatory response . Importantly, CD11c is a
specific marker in dendritic cells (DCs) and is highly
+
[2]
expressed in CD8 and CD8 DCs .
As professional antigen-presenting cells, DC pre
cursors capture antigens and promote T-cell migration
to regions of the draining lymph nodes where they
can mature into functional DCs and present antigens
[3]
to initiate T-cell-mediated immune responses .
Increasingly, it has been reported that DCs are critical
to maintaining intestinal immunity and mucosal
immune tolerance to resist the pathogenicity of com
mensal microorganisms, which is one of the pivotal
inflammatory etiologies of induced inflammatory bowel
[4]
diseases (IBD) .
High expression of co-stimulatory molecules and
major histocompatibility complex (MHC) Ⅱ of DCs,
which is a known marker of DC maturation, and a
“danger signal” of induced inflammatory mucosal
damage in the gut, occurs in the colonic mucosa of
[5,6]
animal models of colitis . Moreover, DCs can develop
from both myeloid and lymphoid progenitors. In mice,
+
CD8 DCs have been designated as lymphoid DCs, and
[7]
+
CD8 DCs as myeloid DCs . More importantly, CD8
DCs predominantly stimulate T helper (Th)1-inducing
cytokines such as interleukin (IL)-12p70 and IL-12p40,
[8]
which can lead to Th1 differentiation , and have
been reported to play a key role in controlling viral
[3,9,10]
+
infection
. Overaccumulation of CD8 DCs induces
inflammatory injury in the colonic mucosa when they
migrate into Peyer’s patches (PPs) in experimental
[11,12]
+
colitis and IBD patients
. Thus, CD8 DCs may be a
potential therapeutic target to explore the mechanisms
of clinical treatment of IBD.
Many studies have indicated that CD11c expressed
in DCs can promote maturation and activation of DCs;
+
+
present antigen for CD4 or CD8 T cells; accelerate
T-cell activation and proliferation; and produce
[13-15]
+
various cytokines
. CD11c DCs are depleted by
diphtheria toxin during treatment of experimental
+
+
colitis, induced indirectly by CD4 CD62L T cells,
with oligodeoxynucleotides containing unmethylated
[16]
cytosine-guanosine . These results suggest that
+
CD11c DCs play an important role in the pathogenetic
process of IBD.
Curcumin (Cur) is the major constituent of
turmeric powder that is extracted from the rhizomes
of Curcuma longa L. Cur has a long history of

RESULTS
The disease activity index, colon weight, weight index
of colon and histological score of experimental colitis
were obviously decreased after Cur treatment, while
the body weight and colon length recovered. After
+
+
treatment with Cur, CD8 CD11c cells were decreased
in the spleen and PPs, and the expression of major
histocompatibility complex Ⅱ, CD205, CD40, CD40L
and intercellular adhesion molecule-1 was inhibited.
IL-10, IFN-γ and TGF-β1 levels were increased
compared with those in mice with untreated colitis.
CONCLUSION
Cur can effectively treat experimental colitis, which is
+
+
realized by inhibiting CD8 CD11c cells.
Key words: CD8; CD11c; Curcumin; Experimental colitis;
Therapeutic effect
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: CD11c is highly expressed in CD8+ and CD8+
dendritic cells (DCs). Overaccumulation of CD8 DCs
is seen in colonic mucosa in experimental colitis and
patients with inflammatory bowel disease (IBD).
+
+
CD8 CD11c cells may be a potential strategy to
explore the mechanism of action of drugs in IBD. The
immunosuppressant curcumin (Cur) plays a therapeutic
role in various immune diseases, including IBD and
rheumatoid arthritis. However, it is unclear whether Cur
+
+
regulates level of CD8 CD11c cells to treat IBD. We
found that the therapeutic effect of Cur in experimental
colitis was closely related to decreased levels of
+
+
CD8 CD11c cells.
Zhao HM, Han F, Xu R, Huang XY, Cheng SM, Huang MF,
Yue HY, Wang X, Zou Y, Xu HL, Liu DY. Therapeutic effect
of curcumin on experimental colitis mediated by inhibiting
CD8 + CD11c + cells. World J Gastroenterol 2017; 23(10):
1804-1815 Available from: URL: http://www.wjgnet.
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Induction of experimental colitis

Table 1 Scoring of disease activity index
Score
0
1
2
3
4

Decrease in growth or
weight loss

Stool
consistency

Occult/gross rectal
bleeding

0%
1%-5%
5%-10%
10%-15%
> 15%

Normal
Normal
Loose stools
Loose stools
Diarrhea

Normal
Occult blood+
Occult blood++
Occult blood+++
Gross bleeding

Colitis was induced according to the procedure des
[25]
[26]
cribed previously by Huang et al , Sałaga et al , Fina
[27]
[28]
et al and Bai et al . Mice were fasted for 12 h. Each
mouse was anesthetized with pentobarbital sodium (40
mg/kg), following which, 100 mg/kg TNBS (SigmaAldrich, St. Louis, MO, United States; 100 g/L dissolved
in 0.3 mL 50% ethanol) was instilled via a rubber
catheter that was inserted approximately 4 cm into the
colon via the anus. The rubber catheter was modified
with numerous holes positioned over the final 4 cm of
its length. The instillation procedure required only a
few seconds, following which the mice were maintained
in a head-down position for 5 min to prevent solution
leakage. Mice in the Normal group received 50%
ethanol of the same volume that was delivered using
the same technique as described above.

effectively treating chronic colitis by blocking nuclear
factor-κB signaling in human IBD and experimental
colitis, including trinitrobenzene sulfonic acid
(TNBS)-induced and dextran sulfate sodium (DSS)[17-19]
induced experimental colitis
. Multifunctional
Cur has exhibited antioxidant, anti-inflammatory,
antimutagenic, and anticarcinogenic activities, as
well as antiplatelet, hypoglycemic, cholesterollowering, antibacterial, wound-healing and antifungal
[17,20-22]
[23]
effects
. In addition, Shirley et al , have
shown that Cur prevents DCs from responding to
+
immunostimulants and DC-mediated induction of CD4
T-cell proliferation by blocking maturation marker
expression, cytokine and chemokine expression, and
[23]
reducing migration and endocytosis. Shirley et al
also concluded that Cur might play a therapeutic role
as an immunosuppressant in the treatment of various
immune diseases including IBD and rheumatoid
arthritis. In our previous study, we found that Cur
repaired colonic structure, decreased colonic weight
and histological injury score, and recovered colonic
length, indicating that Cur restored damaged colonic
[24]
mucosa in mice with TNBS-induced colitis . However,
it is unclear whether Cur can regulate the expression
+
+
levels of CD8 CD11c cells to treat IBD.
In the present study, we investigated the effects
+
+
of Cur on CD8 CD11c cells in the spleen and PPs in
a murine model of TNBS-induced colitis to explore
the possible therapeutic mechanisms of Cur in
experimentally induced IBD.

Treatment protocols

To explore the effect of Cur (purity ≥ 95% by
HPLC; Gangrun Biotechnology, Nanjing, China) on
+
+
CD8 CD11c cells in colitis mice, C57BL/6 mice (20-24
g) were randomized into four groups of eight with
comparable average body weight: Normal group
(receiving ethanol only, and not treated); TNBS
group (received TNBS and were not treated); TNBS
+ Cur group [received TNBS and 100 mg/kg/d Cur
intragastrically (i.g.)]; and TNBS + mesalazine (Mes)
group (received TNBS and mesalazine at 300 mg/kg/
d i.g.). Before administration, Cur was dissolved in
5% dimethylsulfoxide (DMSO) in physiological saline,
which was used as a vehicle. Twenty-four hours after
colitis was induced, mice in the TNBS + Cur group
were administered Cur, and in the TNBS + Mes group,
they were administered Mes for 7 d until the mice were
killed. Mice in the Normal and TNBS groups received
the same volume of 5% DMSO in physiological saline
daily (which was the vehicle for Cur) until the end of
the experiment.

Assessment of severity of colitis: disease activity index

Disease activity index (DAI) was analyzed according to
[29,30]
the previous study
, which was the combined score
of weight loss, stool consistency, and bleeding. The
criteria for DAI scores are described in Table 1. The
changes in growth rate, stool consistency, and gross
bleeding or occult blood in the feces were scored daily
from 0 to 4 for each animal after TNBS treatment.

MATERIALS AND METHODS
Mice

Nine to twelve-week-old male C57BL/6 mice (20-24
g) were purchased from the Animal Center of Peking
University Health Science Center (Animal Certificate
No.: SCXK 2012-0001). Mice were housed in a special
room with a humidity of 50% ± 5% and an equal
12-h light/dark cycle at 20 ± 2 ℃ throughout the
experimental period. Animals were allowed free access
to a commercial diet and clean water ad libitum. All
animals were allowed to acclimatize for 4 d before the
start of the experiment. The experimental protocols
(JZ2015-016) were approved by the Biomedical Ethics
Committee Experimental Animal Ethics Branch of
Jiangxi University of Traditional Chinese Medicine.

WJG|www.wjgnet.com

Evaluation of colonic damage

On day 8, all mice were killed after being anes
thetized with pentobarbital sodium (40 mg/kg) by
intraperitoneal injection. The colon was removed
rapidly and its length was measured, opened
longitudinally, rinsed with phosphate-buffered saline
(PBS), assessed immediately for weight, and the
weight index of the colon was calculated (colonic

1806

March 14, 2017|Volume 23|Issue 10|

Zhao HM et al . Curcumin inhibited CD8+CD11c+ cells in colitis
weight/body weight × 100%). Segments of the
colon were fixed in 4% paraformaldehyde for at least
7 d. Subsequently, colon tissues were dehydrated,
embedded in paraffin, sectioned at 5 μm and mounted
onto slides. These sections were stained with
hematoxylin and eosin.
A histological damage score was determined
according to the criteria of Nicole and Schmidt et
[31]
al . The histological score included inflammatory cell
infiltration and tissue damage. Scores for infiltration
were as follows: 0: no infiltration; 1: increased
number of inflammatory cells in the lamina propria; 2:
inflammatory cells extending into the submucosa; and
3: transmural inflammatory cell infiltration. The scores
of tissue damage were as follows: 0: no mucosal
damage; 1: discrete epithelial lesions; 2: erosions or
focal ulcerations; and 3: severe mucosal damage with
extensive ulceration extending into the bowel wall.

isotype controls.

ELISA

The levels of IL-10, IFN-γ and TGF-β1 in spleen and
colonic mucosa supernatants were measured using
ELISA (eBioscience).

Statistical analysis

Data were expressed as mean ± SEM. The statistical
significance was evaluated by analysis of variance
followed by Tukey’s test for multiple comparisons
using GraphPad Prism version 5.0 (La Jolla, CA, United
States). Nonparametric data were analyzed with
the Mann-Whitney U test. P < 0.05 was considered
statistically significant.

RESULTS
Cur attenuated TNBS-induced colitis

Isolation of lymphocyte from spleen and PPs

The body weight of mice and the disease activity
index of experimental colitis in the TNBS group were
significantly decreased compared with the Normal,
TNBS + Cur and TNBS + Mes groups (Figure 1B and C).
Colonic weight and the weight index of the colon from
the TNBS groups were higher than those in the Normal
group, but lower than in the TNBS + Cur and TNBS +
Mes groups (Figure 1D and E). However, the colonic
length in the colitis mice was shorter in the TNBS
group compared with the Normal, TNBS + Cur, and
TNBS + Mes groups (Figure 1A and G). Histological
evaluation of colonic sections from untreated mice
with colitis showed that TNBS-induced colitis was
characterized by a loss of mucosal architecture,
thickening of the colon wall, cryptic abscesses, ulcer
formation, and extensive inflammatory cell infiltration
in the colonic mucosa (Figure 1F). Treatment with
Cur and Mes inhibited these pathological symptoms
and and kept histo-progressive restoration, reduced
inflammatory cell infiltration in the mucosa and
submucosa, and maintained the integrity of colonic
mucosa (Figure 1F). We observed visually ulceration,
hyperemia and edema in the colonic mucosa in colitis
mice without treatment, which were ameliorated in
mice treated with Cur and Mes (Figure 1A). Moreover,
the histological scores in the colon of mice from the
Normal, TNBS + Cur, and TNBS + Mes groups were
significantly lower than those in untreated mice with
colitis (Figure 1F and H). All results demonstrated that
Cur effectively treated experimental colitis.

PPs were separated and collected from the small
intestine to the terminal rectum. To prepare single-cell
suspensions, spleens or PPs were minced and digested
in 2 mg/mL collagenase D (Roche Diagnostics, Basel
Switzerland) in 1% fetal calf serum (FCS)/RPMI 1640
for 15 min at 37 ℃. Next, 10 mM EDTA was added
for the last 5 min, and the cell suspensions were
then pipetted up and down several times and filtered
through a fine-mesh sieve. The cell suspensions were
centrifuged at 380 × g at 4 ℃ for 5 min and suspended
6
7
at a density of 10 -10 /mL in 3% FCS/PBS. Remnant
supernatants of spleen and PPs were used separately
to analyze the levels of cytokines by ELISA.

Assay of CD8+CD11c+ cells by flow cytometry

After removal of RBC, splenic and PPs cells were
+
labeled with V450-anti-mouse CD8a antibody (0.125
μg/100 μL; BD Biosciences, San Jose, CA, United
States) and APC/Cy7 anti-mouse CD11c (eBioscience,
San Diego, CA, United States), respectively, at 37 ℃
in the dark. Cells were centrifuged at 380 × g at 4 ℃
for 5 min, and fixed in 1% paraformaldehyde/PBS. In
addition, fluorescence-activated cell sorting analysis
was performed on a FACSCalibur flow cytometer (BD
Biosciences).

Measurement of co-stimulatory molecules of
CD8+CD11c+ cells by flow cytometry

Cell suspensions were stained according to the
appropriate isotypic control antibody match of
different fluorochromes and incubated for 30 min
+
with V450-anti-mouse CD8a antibody (0.125 μg/100
μL; BD Biosciences), APC/Cy7 anti-mouse CD11c
(eBioscience), PerCP/Cy5.5 anti-mouse I-A/I-E (MHC
Ⅱ), PE anti-mouse CD40, APC anti-mouse CD154
(i.e., CD40 ligand), FITC anti-mouse CD54, and PerCP/
Cy5.5 anti-mouse CD205. Limits for the quadrant
markers were based on negative populations and

WJG|www.wjgnet.com

Cur inhibited levels of CD8+CD11c+ cells in spleen and
PPs in colitis mice
+

+

We analyzed the numbers of CD8 CD11c cells in the
spleen and PPs of mice with colitis (Figure 2). Data
clearly indicated a significantly increased tendency in
this parameter in the spleen (Figure 2A and D) and PPs
(Figure 2A and C) in the TNBS group as compared with
the Normal group. Significantly, after 7 d treatment
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Figure 1 Macroscopic and microscopic observation. A: Macrography of the opened colon; B: Body weight; C: DAI score; D: Colonic weight; E: Weight index of
the colon; F: Typical histological images stained by hematoxylin and eosin, f1-4: Bar = 40 μm, f5-8: Bar = 100 μm; G: Colonic length; H: Histological scores. Data are
presented as mean ± SEM (n = 8). aP < 0.05 and bP < 0.01 vs Normal group; cP < 0.05 and dP < 0.01 vs TNBS group.
+

Cur suppressed expression of co-stimulatory molecules
of CD8+CD11c+ cells in colitis mice

+

with Cur, the numbers of CD8 CD11c cells in the
spleen and PPs in the TNBS + Cur and TNBS + Mes
groups were decreased dramatically as compared with
the TNBS group.

Cur increased IL-10, IFN-γ and TGF-β 1 secretion in
spleen and colonic mucosa in colitis mice
+

+

+

To understand the effects of activated CD8 CD11c
cells in the development of murine colitis, the secretion
of IL-10, IFN-γ and TGF-β1 was determined (Figure
3). There was significantly increased expression of
TGF-β1 in the colonic mucosa of untreated colitis mice
(Figure 3B). In addition, the secretion of TGF-β1 in
the colonic mucosa in the TNBS + Cur and TNBS +
Mes groups was lower than that in the TNBS group.
However, expression of TGF-β1 in the spleen of mice
treated with Cur and Mes was higher than that in the
TNBS group compared with the Normal group, levels
of IFN-γ (Figure 3B and E) and IL-10 (Figure 3C and F)
in the spleen and colonic mucosa in untreated colitis
mice were decreased 7 d after TNBS-induced colitis. In
the colonic mucosa and spleen, the expression of both
IL-10 and IFN-γ was increased in colitis mice treated
with Cur and Mes as compared with untreated colitis
mice.

WJG|www.wjgnet.com

+

Expression of co-stimulatory molecules of CD8 CD11c
cells, including CD40 (Figure 4), CD40L (Figure 5),
CD54 (Figure 6), CD205 (Figure 7) and MHC Ⅱ (Figure
8), was detected in normal spleen and PPs. Expression
increased after TNBS-induced colitis. Treatment with
Cur decreased expression of CD40 (Figure 4), CD40L
(Figure 5), CD54 (Figure 6), CD205 (Figure 7) and
MHC Ⅱ (Figure 8) in the spleen and PPs.

DISCUSSION
In the present study, the DAI, colonic weight, weight
index of the colon, and histological score of colonic
of experimental colitis were significantly decreased
after Cur treatment, while the body weight and
colonic length were recovered. The results indicate
that Cur can effectively treat experimental colitis. The
+
+
numbers of CD8 CD11C cells in the spleen and PPs
were decreased, which showed that the therapeutic
effect of Cur on colitis was related to the number of
+
+
CD8 CD11C cells.
As a positive regulatory factor, CD11c, which
is an adhesion molecule in the CD11/CD18 family,
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participates in conglutination, migration, antigenic
+
recognition and presence of DCs, and activates CD4 ,
+
CD8 T cells to regulate the immune response. CD11c
can promote DC activation and maturity by elevating
[32,33]
expression of co-stimulatory molecules
. Activated
+
CD11c DCs secrete a large number of inflammatory
factors (including IL-1β, IL-6, IL-12 and IL-20) and
+
promote CD4 T cells transformation into Th 1 cells,
[34]
inducing inflammatory injury . In the present study,
+
+
the total number of CD8 CD11c cells in the spleen
and PPs increased in colitis mice, which decreased
with Cur treatment. Our previous study indicated
that Cur alleviated inflammatory injury in the colonic
mucosa of colitis mice, using the same model as in
[24]
the present study . These results show that Cur
exerts its therapeutic effect on TNBS-induced colitis by
+
+
decreasing the number of CD8 CD11c cells.
+
Previous research has shown that CD8 DCs play
an important role in the development of experimental
[11,12]
colitis and human IBD
. Our study showed that
co-stimulatory molecules of DCs were increased in
the spleen and PPs in untreated colitis mice, and Cur
attenuated expression of MHC Ⅱ, CD205, CD40,
+
CD40L and CD54 (ICAM-1) in CD8 DCs in the spleen
and PPs. Our previous and present studies show that
Cur can treat experimental colitis induced by TNBS or
[35,36]
DSS
. The present study proves that Cur regulates
+
the levels of CD8 DCs to treat TNBS-induced colitis.
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DCs are essential in the activation of the adaptive
[37]
immune system , and can be distinguished into
myeloid and lymphoid DCs based on the cell-surface
[8,9]
expression of CD8
, which is one of the most
important DC subset markers. Research has previously
demonstrated that lymphoid DCs express CD8 in mice,
[38-40]
whereas myeloid DCs do not
. Thus, DCs in the
+
spleen and PPs of mice are considered to be CD8
[39,41]
DCs, which were identified in the present study
.
Overwhelming evidence suggests that activation of
+
CD8 DCs is a significant pathway to generate specific
+
[42,43]
CD8 T-cell immune responses
. The complex
[44]
pathway includes activation of Toll-like receptor 3 ,
MHC and co-stimulatory molecule expression. MHC
can promote DCs to migrate into lymphoid tissues
such as the spleen and PPs, and accelerate antigen
presentation, activation and maturation of DCs.
Researchers have previously incorporated MHC
Ⅱ as a phenotypic segregation marker for ex vivo
analysis of DCs under inflammatory settings such as
[44]
[45]
influenza . Waithman et al
have shown that many
+
of the CD8 DC subpopulations undergo a phenotypic
high
int
change from CD11c
MHC Ⅱ in naïve mice to
int
high
CD11c MHC Ⅱ
mice infected with influenza A
virus. According to MHC Ⅱ and CD11c expression
+
levels, CD8 DCs, which are a classic migratory DC
phenotype, could be segregated into both lymphoidresident DC subsets and migratory subsets found at
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[46-48]

inflammatory zones
. Based on the high expression
+
of MHC Ⅱ, CD8 DCs capture antigens and promote
T-cell migration at regions of the draining lymph nodes
where they mature into functional DCs and present
[49,50]
antigens to initiate primary immune responses
.
+
In the process of maturation and activation of CD8
DCs, co-stimulatory molecules are highly expressed
and include expression of CD205, CD24, CD40 and
[2]
CD40L .
As a symbol of maturation and activation, DCs
express co-stimulatory molecules including members
of the tumor necrosis factor (TNF)/TNF receptor
protein family, CD40/CD40L and OX40/OX40L, and
members of the immunoglobulin superfamily including
ICAM-1/lymphocyte function-associated antigen
(LFA-)1, and CD28/cytotoxic T lymphocyte associated
antigen 4/B7. Collectively, these cell-surface expressed
protein receptors and their cognate ligands regulate
the balance between Th1 and Th2 responses, and
were found to be highly expressed in human and
[51]
animal colitis . For example, CD40/CD40L signaling
can stimulate DCs to secrete IL-12, and direct the
+
differentiation of CD4 T cells into Th1 cells. Similar
functions are present in the context of ICAM-1/LFA-1
signaling and the B7-1 molecular signaling pathway
[52,53]
(i.e., the B7/CD28 signal)
.
+
More importantly, CD8 DCs predominantly
produce Th1-promoting cytokines like IL-12 p70 and
+
IL-12 p40, while CD8 DCs lead to Th1 differentiation
[8,54,55]
with reduced secretion of IFN-γ and IL-10
, and
enhanced secretion of the proinflammatory cytokine
IL-6, which is associated with autoimmunity and
[56]
chronic inflammatory diseases . These cytokines
were previously shown to be closely related to
[57,58]
the pathogenesis of IBD
. Therefore, we have
+
experimental evidence to believe that CD8 DCs
played a critical role in the development of TNBSinduced colitis in our study. This was confirmed by
+
the increased numbers of CD8 DCs in the spleen
and PPs in untreated colitis mice. The results showed
high expression of MHC Ⅱ, CD205, CD40, CD40L and
ICAM-1. These co-stimulatory molecules and MHC
+
Ⅱ promoted CD8 DCs to migrate into the colonic
+
mucosa. Here, CD8 DCs secreted proinflammatory
cytokines and suppressed anti-inflammatory cytokine
production, and ultimately induced inflammatory injury
in the colonic mucosa.
Seven days after administration of Cur, the total
+
+
number of CD8 CD11c cells was decreased, and
the expression of these co-stimulatory molecules of
DCs was inhibited. Although it is uncertain that Cur
+
+
regulated the function of CD8 CD11c cells, Shirley et
[23]
al
indicated that Cur prevented DCs from inducing
+
CD4 T-cell proliferation by blocking maturation marker
expression, cytokine and chemokine secretion, and
reducing migration and endocytosis of DCs.
The present study suggested that Cur restricted
+
+
the quantity and activation of CD8 CD11c cells by
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downregulating expression of the co-stimulatory
molecules of DCs in an attempt to improve the level
of anti-inflammatory cytokines (i.e., IL-10, IFN-γ and
TGF-β1). These data suggest a therapeutic role for Cur
as an immunosuppressant in the treatment of IBD.
However, the level of TGF-β1 in the colonic mucosa
was decreased by Cur, which is contrary to that seen
in the spleen. We speculated that overproduction
of TGF-β1 in the colonic mucosa was related to the
chronicity and fibrosis of experimental colitis. Thus,
Cur might inhibit fibroplasia at the base of the colonic
ulcer. However, the signaling pathway remains
unknown under conditions in which Cur controls
+
maturation and migration of CD8 DCs. Future work
is important in this area in an attempt to explore the
+
pathway that regulates the function of CD8 DCs by
TGF-β1 signaling.
In conclusion, we demonstrated that Cur effectively
treated experimental colitis, which was realized by
+
+
inhibiting CD8 CD11c cells.
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Abstract
AIM
To investigate whether microRNA (miR)-34a mediates
oxaliplatin (OXA) resistance of colorectal cancer (CRC)
cells by inhibiting macroautophagy via the transforming
growth factor (TGF)-β/Smad4 pathway.
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METHODS
miR-34a expression levels were detected in CRC tissues
and CRC cell lines by quantitative real-time polymerase
chain reaction. Computational search, functional
luciferase assay and western blotting were used to
demonstrate the downstream target of miR-34a in CRC
cells. Cell viability was measured with Cell Counting
Kit-8. Apoptosis and macroautophagy of CRC cells were
analyzed by flow cytometry and transmission electron
microscopy, and expression of beclin I and LC3-II was
detected by western blotting.
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RESULTS
Expression of miR-34a was significantly reduced while
expression of TGF-β and Smad4 was increased in CRC
patients treated with OXA-based chemotherapy. OXA
treatment also resulted in decreased miR-34a levels
and increased TGF-β and Smad4 levels in both parental
cells and the OXA-resistant CRC cells. Activation of
macroautophagy contributed to OXA resistance in
CRC cells. Expression levels of Smad4 and miR-34a in
CRC patients had a significant inverse correlation and
overexpressing miR-34a inhibited macroautophagy
activation by directly targeting Smad4 through the
TGF-β/Smad4 pathway. OXA-induced downregulation
of miR-34a and increased drug resistance by activating
macroautophagy in CRC cells.

Therefore, revealing the underlying mechanism for
the development of chemoresistance is necessary for
developing effective chemotherapeutic agents.
MicroRNAs (miRNAs) are a group of noncoding
RNAs that have been highly conserved during evolution
and have emerged recently as potent regulators of
gene expression, cell proliferation, apoptosis and
[4,5]
tumorigenesis . Our previous study demonstrated
that miR-34a inhibits epithelial mesenchymal transition
in human cholangiocarcinoma by targeting Smad4
through the transforming growth factor (TGF)-β/
[6]
Smad pathway . Recent research has found that
miR-34a is one of the well-characterized miRNAs
and is consistently downregulated in various types
[7-9]
of malignancies, including CRC . More importantly,
miR-34a has been reported to be involved in drug
[10]
resistance and regulating chemosensitivity in CRC .
Macroautophagy is a catabolic degradation process
[11]
that is required to maintain cellular homeostasis .
Some researchers have shown that macroautophagy
is involved in the regulation of chemoresistance. He et
[12]
al
found that miR-21 mediates sorafenib resistance
of hepatocellular carcinoma cells via inhibition of
macroautophagy through the PTEN/Akt pathway.
[13]
Pan et al
have reported that miR-200b regulates
macroautophagy associated with chemoresistance in
human lung adenocarcinoma. Whether miR-34a is
involved in mediating the chemoresistance of OXA by
affecting macroautophagy activity remains unclear.
In the present study, we found that expression of
miR-34a was significantly reduced while expression
of TGF-β and Smad4 was increased in CRC patients
treated with OXA-based chemotherapy. OXA treatment
also decreased miR-34a levels and increased TGF-β and
Smad4 levels in both parental cells and OXA-resistant
CRC cells. Activation of macroautophagy contributed
to OXA resistance in CRC cells. In addition, our data
indicated that expression of Smad4 and miR-34a in
CRC patients had a significant inverse correlation and
overexpression of miR-34a inhibited macroautophagy
activation by directly targeting Smad4 through the
TGF-β/Smad4 pathway. We further demonstrated that
OXA-induced downregulation of miR-34a increased
drug resistance by activating macroautophagy in CRC
cells. We identified a novel mechanism by which miR34a mediates OXA resistance of CRC by inhibiting
autophagy via the TGF-β/Smad4 pathway.

CONCLUSION
miR-34a mediates OXA resistance of CRC by inhibiting
macroautophagy via the TGF-β/Smad4 pathway.
Key words: miR-34a; Oxaliplatin; Colorectal cancer;
Macroautophagy; Transforming growth factor-β/Smad
pathway
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrated a significant
association between microRNA (miR)-34a expression
and the acquired chemoresistance to oxaliplatin
(OXA) in colorectal cancer (CRC). miR-34a mediates
OXA resistance through its inhibitory effects on
macroautophagy by the transforming growth factor
(TGF)-β/Smad4 pathway. Our findings suggest that
miR-34a is a potential therapeutic target for improving
the chemotherapeutic effect of OXA in CRC.
Sun C, Wang FJ, Zhang HG, Xu XZ, Jia RC, Yao L, Qiao PF.
miR-34a mediates oxaliplatin resistance of colorectal cancer cells
by inhibiting macroautophagy via transforming growth factor-β/
Smad4 pathway. World J Gastroenterol 2017; 23(10): 1816-1827
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i10/1816.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i10.1816

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
causes of cancer-related deaths, leading to appro
[1,2]
ximately 600000 deaths worldwide annually
.
Current standard treatments for CRC include surgical
resection, systematic chemotherapy, radiotherapy or
a combination of these methods. Oxaliplatin (OXA),
a third-generation platinum compound, is the first
platinum-based compound to show efficacy in the
[3]
treatment of CRC . Despite this demonstrated
efficacy, the advances in chemotherapy for CRC
have been limited because of its resistance to OXA.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Samples and establishment of chemoresistant cells

We included 30 CRC patients (median age: 61 years,
range: 48-75 years) who underwent potentially
curative surgery between 2013 and 2015 at the
Second Affiliated Hospital of Harbin Medical University
(Harbin, China). CRC was verified by a pathologist
and patients received OXA-based combination
chemotherapy. Blood samples were taken after
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[6]

obtaining informed consent according to institutional
guidelines and the study was approved by the
Institutional Review Board of Harbin Medical University,
Harbin, China. The protocols used in the study were
approved by the Committee of Human Subjects
Protection of our hospital.
To establish the chemoresistance model in vitro,
the human CRC cell line HT29 obtained from the Cell
Bank of Chinese Academy of Sciences (Shanghai,
4
China) was seeded in a six-well plate at 10 cells/well
and 2 μmol/L OXA was added to the medium. The
medium was changed after 48 h. The concentration of
OXA was increased by 1 μmol/L for each subculture.
After subculture and incubation with OXA solution
was repeated 10 times, OXA-resistant cell lines were
obtained, termed as HT29-OXA, and continuously
maintained by culturing them in complete culture
[14,15]
medium containing 2 μmol/L OXA
.

previously described . A synthetic miR-34a mimic
(GenePharma, Shanghai, China) was used to increase
miR-34a expression. A scrambled oligonucleotide
(GenePharma) was used as a control. Transfection
was performed using Lipofectamine 2000 transfection
reagent (Invitrogen). A mixture of Lipofectamine 2000
and RNA was added to CRC cells, which were 70%
confluent, for 4-6 h, and the cells were then incubated
for 24 h in fresh medium. The cells were harvested
using lysis buffer for luciferase assay. Total RNA and
protein were prepared 48 h after transfection and used
for qRT-PCR or western blot analysis.

Construction of promoter reporter plasmids and
luciferase reporter assays

The luciferase reporter assay was conducted as
[6]
described previously . The fragment containing miR34a-binding sites in the Smad4 3’-untranslated region
(UTR) was amplified by PCR and inserted downstream
of the firefly luciferase gene in a pGL3-promoter
vector (Promega, Madison, WI, United States). The
mutant reporter plasmids were constructed using the
QuikChange mutagenesis kit (Stratagene, La Jolla,
CA, United States). These constructed plasmids were
all sequenced to confirm their orientation. Luciferase
activity was measured with the Dual-Luciferase
Reporter Assay System (Promega) as described
[16]
previously . Promoter activities were expressed
as the ratio between firefly luciferase and Renilla
luciferase activities.

Real-time polymerase chain reaction

Real-time polymerase chain reaction (RT-PCR) was
used to confirm the expression levels of mRNAs
[6]
and miRNAs as previously described . For mRNA
detection, total RNA from cultured cells and blood
samples was extracted using TRIzol (Invitrogen,
Carlsbad, CA, United States). Reverse transcription
was performed using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA,
United States). Total miRNA from cultured cells and
fresh surgical tissues was extracted using the mirVana
miRNA Isolation Kit (Ambion, Austin, TX, United
States). cDNA was synthesized from 2 μg total RNA
using the High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems). Expression of miRNA and mRNA
was assessed with qRT-PCR using Power SYBR Green
Master Mix in an Applied Biosystems 7500 Sequence
Detection System. The expression level of mRNA and
miRNA was defined based on the threshold cycle (Ct),
and relative expression levels were calculated using
−ΔΔCt
the 2
method, with the expression level of β-actin
mRNA and U6 small nuclear RNA as a reference gene.
The names of the genes and the primers are listed in
Supplementary Table 1.

Cell proliferation analysis

Evaluation of macroautophagy and apoptosis by flow
cytometry

Western blotting

The evaluation of macroautophagy and apoptosis
by flow cytometry was performed as previously
[17]
described . Apoptosis was examined using the
Annexin V-FITC/PI Kit (Becton Dickinson, Franklin
Lakes, NJ, United States). Cells were collected in 400
mL medium. Following resuspension, approximately 10
mL Annexin V solution and 5 mL propidium iodide were
added and incubated for 30 min at room temperature
in the dark. The cell suspension was analyzed by flow
cytometry (Becton Dickinson). Cell Quest software was
4
used to analyze 10 cells.
Cell macroautophagy was detected by monodan
sylcadaverine (MDC; Sigma-Aldrich, St Louis, MO,
United States) staining. Cells were washed with

Protein lysates were separated using SDS-PAGE and
transferred to nitrocellulose membranes (Amersham
Pharmacia Biotech, Piscataway, NJ, United States).
Membranes were probed with the appropriate primary
antibodies (Supplementary Table 2). Alexa Fluor 680
donkey anti-mouse IgG (H + L) or Alexa Fluor 680
donkey anti-rabbit IgG (H + L) were used as secondary
antibodies (1:5000; Invitrogen). Fluorophores were
detected using the Odyssey Infrared Imaging System
(Li-Cor, Lincoln, NE, United States).

Transfection of oligonucleotides

Transfection of pre-miR-34a was conducted as

WJG|www.wjgnet.com

3

The cells were seeded into a 96-well plate (3 × 10 /
well) in triplicate and cultured overnight. The culture
medium was replaced with fresh fetal-calf-serum-free
medium containing vehicle or testing reagents for 24
h. Cell viability was measured with the Cell Counting
Kit-8 (CCK-8) (Boster Bio, Wuhan, China). Untreated
cells served as controls. Cell viability (%) was calculated
according to the formula: experimental OD value/control
OD value × 100%.
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Figure 1 miR-34a levels were significantly decreased after oxaliplatin treatment. A: Analysis of miR-34a expression was performed on blood samples from
30 colorectal cancer (CRC) patients after oxaliplatin (OXA)-based combination chemotherapy. Total RNA was extracted and subjected to qRT-PCR to analyze the
expression level of miR-34a in each sample. U6 was used as an internal control; B and C: mRNA expression levels of Smad4 and TGF-β in the blood samples
from CRC patients were measured by qRT-PCR. β-actin was used as the internal control (aP < 0.05, eP < 0.001); D: The inverse correlation of miR-34a and Smad4
expression levels was examined by Spearman correlation analysis (R = -0.283, P = 0.029).

phosphate-buffered saline (PBS) and then incubated
with 0.05 mmol/l MDC in PBS at 37 ℃ for 45 min.
After incubation, the cells were washed three times
with PBS and analyzed by flow cytometry immediately.
4
Cell Quest software was used to analyze 10 cells.

focused on identifying the changes in miR-34a and
TGF-β/Smad4 pathway expression after OXA-based
combination chemotherapy. miR-34a expression was
significantly decreased while TGF-β and Smad4 mRNA
expression was significantly increased in the blood
samples of CRC patients after chemotherapy (Figure
1A-C). Spearman correlation analysis was applied to
compare the relative expression levels of Smad4 and
miR-34a in CRC patients. We obtained a statistically
significant inverse correlation (R = -0.283, P = 0.029)
in 30 CRC patients (Figure 1D). These data suggest
that downregulation of miR-34a and upregulation
of TGF-β/Smad4 may be related to OXA-based
combination chemotherapy.

Statistical analysis

All the presented data were expressed as the mean
± SD and representative results were from at least
three independent experiments. Statistical comparisons
were calculated by Student’s two-tailed t test. When
multiple comparisons were possible, ANOVA coupled
with Tukey correction was used. Correlation analysis
between relative expressions of Smad4 and miR-34a
was examined by logistic regression analysis. P <
0.05 was considered statistically significant. Statistical
analysis was carried out using SPSS version 21 (IBM
Corporation, Armonk, NY, United States) or GraphPad
Prism version 5.0 (La Jolla, CA, United States).

OXA-resistant CRC cells are insensitive to OXA via
inhibition of miR-34a and activation of the TGF-β /Smad4
pathway

To determine further whether miR-34a levels are
correlated with chemotherapeutic response, the
OXA-resistant cell line, HT29-OXA, was established
by chronic exposure of HT29 cells to increasing
concentrations of OXA. Incubation of OXA with
HT29 cells reduced their viability in a concentrationdependent manner. However, HT29-OXA cells became
resistant to OXA as their viability was significantly

RESULTS
OXA treatment downregulates miR-34a and upregulates
TGF-β /Smad4 in CRC patients

To investigate the underlying mechanism for the
resistance of CRC patients to OXA treatment, we
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Figure 2 Oxaliplatin treatment inhibited miR-34a expression and activated the TGF-β/Smad4 pathway. A: HT29 and HT29-oxaliplatin (OXA) cells were
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higher than that of respective parental cells when
exposed to the same concentration of OXA (Figure
2A). Expression of miR-34a in HT29 and HT29-OXA
cells was downregulated when exposed to 10 μmol/l
OXA for 48 h, although HT29-OXA cells expressed
lower levels of miR-34a than HT29 cells with or without
OXA treatment (Figure 2B).
Smad4 is a known miR-34a target gene in some
types of tumor cells. We examined expression of
TGF-β and Smad4 in HT29 and HT29-OXA cells in the
presence or absence of OXA treatment. Incubation
of OXA induced increased expression of TGF-β and
Smad4 in HT29 and HT29-OXA cells. HT29-OXA
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cells expressed higher levels of TGF-β, resulting in
upregulation of Smad4 compared with HT29 cells
(Figure 2C-E). These results indicate that sustained
exposure of CRC cells to OXA could inhibit miR-34a
expression and activate the TGF-β/Smad4 pathway.

miR-34a directly regulates Smad4 expression and TGF-β
inhibition in CRC cells

To investigate the underlying mechanism of miR-34a
in CRC, targetscan (www.targetscan.org) and miRanda
(www.microRNA.org) were used to search for potential
targets of miR-34a. Consistent with our previous
[6]
study , the result showed that the 3’-UTR of Smad4
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contained the complementary site for the seed region
of miR-34a (Figure 3A). To verify that Smad4 is one
of the direct targets of miR-34a in OXA-resistant and
parental CRC cells, we constructed a reporter vector
consisting of the luciferase coding sequence followed
by the 3’-UTR of Smad4. A dual luciferase reporter
assay was performed in HT29 and HT29-OXA cells.
miR-34a significantly decreased the luciferase activity
of the wild-type Smad4 3’-UTR compared with the
vector-only control (Figure 3B). Additionally, partial
mutation of the perfectly complementary sites in the
3’-UTR of Smad4 abolished the suppressive effect due
to the disruption of the interaction between miR-34a
and Smad4.
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miR-34a mimics were transfected into HT29 and
HT29-OXA cells to increase the endogenous level of
miR-34a to investigate further the biological function
of miR-34a in CRC cells (Figure 3C). Compared to
the control groups, transfecting with miR-34a mimics
downregulated Smad4 and TGF-β expression in HT29
and HT29-OXA cells (Figure 3D). These data suggest
that Smad4 is a direct target of miR-34a and miR-34a
mediated TGF-β/Smad4 pathway in CRC cell lines.

Activation of macroautophagy contributes to OXA
resistance in CRC cells

Macroautophagy is a key regulator of resistance
[18]
to OXA . We investigated whether activation of
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macroautophagy contributes to the acquired resistance
to OXA. Incubation with OXA led to more MDCpositive HT29 and HT29-OXA cells, but there were
more MDC-positive HT29-OXA than HT29 cells in the
presence or absence of OXA treatment (Figure 4A).
Western blotting confirmed that the HT29-OXA cells
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had significantly lower LC3-II and beclin 1 intensity
than TH29 cells had in the presence or absence of
OXA treatment (Figure 4B). Representative electron
micrographs demonstrated less autophagic vacuole
formation in the HT29-OXA cells than HT29 cells in the
presence or absence of OXA treatment (Figure 4C).
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[19]

Suppression of macroautophagy by 3-methyladenine
(3-MA) increased OXA-induced cell death. In contrast,
rapamycin, an inhibitor of mammalian target of
rapamycin, and positive regulator of macroautophagy,
protected OXA-resistant cells against OXA-induced
reduction in cell viability (Figure 4D).

in CRC cells , we investigated the effects of miR34a on macroautophagy of CRC cells. miR-34a mimics
inhibited macroautophagy in parental and OXAresistant cells, and fewer MDC-stained cells were
observed in cells transfected with miR-34a mimics
than in normal control cells. OXA treatment increased
autophagy of parental and OXA-resistant cells, as
shown by the presence of more MDC-stained cells.
However, induction of macroautophagy was inhibited
by treatment with miR-34a mimics in parental and

miR-34a affects OXA-induced macroautophagy in CRC
cells via the TGF-β /Smad4 pathway

Since macroautophagy participates in OXA resistance
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Figure 6 Activation of autophagy protected colorectal cancer cells against oxaliplatin-induced apoptosis by inhibiting miR-34a through the TGF-β/Smad4
pathway. A: HT29 and HT29-oxaliplatin (OXA) cells were transfected with miR-34a mimics and treated with OXA (10 μmol/L) and simultaneously mixed with or without
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was used as loading control. eP < 0.001 indicates a significant difference vs normal control; cP < 0.05 indicates a significant difference vs group treated with OXA.

Macroautophagy protection of CRC cells from OXAinduced apoptosis by inhibiting miR-34a through the
TGF-β /Smad4 pathway

OXA-resistant cells (Figure 5A). miR-34a mimics
decreased expression of LC3-II, beclin-1, Smad4
and TGF-β, while OXA treatment increased their
expression, and in agreement with quantitative flow
cytometry, induction was impaired by treatment with
miR-34a mimics mixed with OXA in parental and OXAresistant cells (Figure 5B). These results indicate that
miR-34a participates in the regulation of OXA-induced
macroautophagy in CRC cells through downregulation
of the TGF-β/Smad4 signaling pathway.
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To determine the mechanism of macroautophagy
in OXA-induced apoptosis in CRC cells, we exposed
cells to OXA for 48 h with miR-34a mimics or 3-MA
and assessed apoptotic rate. 3-MA attenuated the
activation of macroautophagy and the anti-apoptotic
capacity in HT29 and HT29-OXA cells treated with
OXA, as shown by a higher apoptotic rate (Figure
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6A). In addition, lower expression of LC3-II, beclin
1, Bax, Smad4 and TGF-β and higher expression of
Bcl-2 were found compared with the control group
and the OXA treatment group (Figure 6B). Moreover,
when treated with OXA, miR-34a mimics and 3-MA,
more significantly inhibitory effects on autophagic
activity and the anti-apoptotic rate in HT29 and HT29OXA cells were achieved. These results indicated that
the activation of macroautophagy may serve as a
protective mechanism against OXA-induced apoptosis
by inhibiting miR-34a through the TGF-β/Smad4
pathway in CRC cells.

have demonstrated that upregulation of CD44v6
contributes to acquired chemoresistance via the
modulation of macroautophagy in CRC cells. Yang et
[14]
al
have reported that macroautophagy contributes
to the enrichment and survival of CRC stem cells under
OXA treatment. These observations suggest that
macroautophagy serves as a pro-survival mechanism
that promotes chemoresistance, and selective inhibition
of macroautophagy regulators has the potential to
improve chemotherapeutic regimens. Here, we found
that OXA treatment promoted macroautophagy
activation in CRC cells, which protected the cells from
OXA-induced apoptosis.
miRNAs are frequently dysregulated in chemore
sistant cancers, and they have been shown to target
[12,13]
macroautophagy-related genes or modulators
.
It has been well established that miR-34a is an
important anti-oncogene by regulation of different
[25]
downstream targets in various types of cancer .
miR-34a has also been identified as one of the
molecular species associated with drug resistance in
[10]
CRC . Here, we reported that miR-34a levels were
significantly decreased in CRC patients after systematic
chemotherapy by OXA and in CRC cells treated with
OXA. Expression of miR-34a was downregulated in
OXA-resistant cells. Forced expression of miR-34a
promoted OXA-induced apoptosis in parental and OXAresistant cells.
Among the miR-34a targets, Smad4 is a key
regulator of the TGF-β/Smad pathway, which is well
characterized as a positive mediator of macroau
[6]
tophagy . Based on our previous study, here we
found that mRNA expression of TGF-β and Smad4 was
upregulated in CRC patients after OXA chemotherapy.
Moreover, expression levels of miR-34a and Smad4
were inversely correlated in human blood samples
from CRC patients. Our results showed forced up
regulation of miR-34a significantly inhibited protein
expression of Smad4 and TGF-β. Contrasting results
were observed when the CRC cells were treated with
OXA. We have also applied bioinformatic methods to
demonstrate that Smad4 is a potential target of miR[6]
34a . Our data reveal that miR-34a directly targets
the 3’-UTR of Smad4 and that ectopic expression of
miR-34a represses Smad4 and TGF-β protein levels
in parental and OXA-resistant CRC cells. Our results
demonstrate that the TGF-β/Smad4 pathway at least
partly is involved in regulating miR-34a-inhibited
macroautophagy and contributes to OXA resistance in
CRC.
Our data demonstrate that transfection of miR34a mimics enhances the therapeutic effect of OXA by
inhibition of cell macroautophagy and improves the
efficacy of OXA against OXA-resistant CRC cells. The
macroautophagy inhibitor, 3-MA, enhances the proapoptotic effect in cells treated with OXA or exogenous
miR-34a. These data suggest that activation of macro
autophagy protects CRC cells from OXA-induced
apoptosis by inhibiting miR-34a expression.

DISCUSSION
In the present study, we investigated whether miR34a mediates OXA resistance of colorectal cancer
cells by inhibiting macroautophagy via the TGF-β/
Smad4 pathway. We found that miR-34a levels were
significantly decreased in CRC patients after systematic
chemotherapy by OXA and in CRC cells treated
with OXA. We further demonstrated that miR-34a
downregulation increased macroautophagy activation
by targeting Smad4. More important, macroautophagy
inhibition abolished miR-34a downregulation-induced
apoptosis. These data suggest that OXA-induced
downregulation of miR-34a increases drug resistance
by activating macroautophagy in CRC cells. The TGF-β/
Smad4 pathway plays an important role in regulating
[20]
macroautophagy response . Further investigation
found that OXA treatment enhanced macroautophagy
via inhibiting the expression of miR-34a and activating
the TGF-β/Smad4 pathway, which at least partly
enacted the protective role of macroautophagy on CRC
cell apoptosis induced by OXA.
CRC is a major cause of cancer-related mortality
worldwide and its incidence is increasing. Chemotherapy
can be used in addition to surgery in certain cases as an
adjuvant therapy. However, drug resistance represents
a major obstacle for chemotherapy of CRC. OXA is a
promising drug for the treatment of advanced CRC.
Despite a rapid shrinkage in tumor mass following
chemotherapy, the resistance of cancer cells to OXA
frequently results in the subsequent recurrence and
metastasis of cancer, and the exact mechanism for this
effect is still not well understood. Therefore, there is an
urgent need to investigate these adverse factors that
might help us better understand the mechanism of drug
resistance in CRC patients.
Macroautophagy is considered to play a dual role
in the regulation of cell fate in the context of cancer
[21,22]
treatment
. Numerous studies have focused on
the association between the cytoprotective effects of
autophagy and the development of chemoresistance.
Sustained drug exposure can induce an imbalance
in apoptotic pathways and lead to resistance to
[23]
apoptosis . Modest macroautophagy is implicated
in promoting chemoresistance of cancer cells and
[24]
attenuating the efficacy of chemotherapy. Lv et al
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In summary, the results of this study demonstrate
a significant association between miR-34a expression
and the acquired chemoresistance of OXA in CRC. The
miR-34a-mediated OXA resistance occurs through its
inhibitory effects on macroautophagy via regulation of
the TGF-β/Smad4 pathway. Our findings suggest that
miR-34a could be a potentially therapeutic target for
improving the chemotherapeutic effect of OXA in CRC.
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The findings in this study suggest that miR-34a could be a potentially
therapeutic target for improving the chemotherapeutic effect of OXA in CRC.
13

Terminology

OXA is a third-generation platinum compound, and is the first platinum-based
compound to show efficacy in the treatment of CRC. miRNAs are a group of
noncoding RNAs that have been highly conserved during evolution and have
emerged recently as potent regulators of gene expression, cell proliferation,
apoptosis and tumorigenesis. Macroautophagy is a catabolic degradation
process that is required to maintain cellular homeostasis.

14

15

Peer-review

In the original article of Sun et al the authors demonstrated that a significant
association exists between miR-34a expression and the acquired chemo
resistance of OXA in CRC. The miR-34a mediated OXA resistance was found
to be mediated by the inhibitory effects of miR34a on autophagy by regulating
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potentially therapeutic target for improving the OXA-based chemotherapeutic
effect in CRC. The study is well designed, and moderately presented.
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RESULTS
There were no significant differences between the
experimental group and the control group in general
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fistulotomy, the Seton cutting procedure, fibrin glue,
endoanal advancement flaps, and ligation of the
intersphincteric fistula track have been performed.
The main aim of anal fistula treatment is to eradicate
internal and external openings while preserving
anorectal continence. Many treatments can result in
sphincter damage and fecal incontinence. For example,
use of the Seton cutting procedure is associated with
healing rates of approximately 80%-100%, but fecal
[1-3]
incontinence rates of up to 60% . Fistulotomy results
in healing in approximately 75%-100% of patients,
but impairs continence in up to 60%, especially in
[4-6]
those with a complex fistula . Fistulotomy, although
extremely effective in treatment of anal fistulas, is not
a feasible option when the fistula tract incorporates
a significant amount of internal and external
anal sphincter, as is the case in many high trans[7,8]
sphincteric fistulas
. The mucosal advancement
flap, a technically precise operation, is the best
established alternative to fistulotomy, with reported
[9,10]
success rates ranging from 37% to 89%
and with
[9,11]
incontinence rates ranging from 9% to 21%
. Fibrin
glue injection through the fistula tract is a minimally
invasive, sphincter-sparing alternative, but long-term
[12]
recurrence reaches 69%-100% . To date, there is
no standard management method for anal fistulas as
none of these procedures has a high chance of success
and no risk, and depends on the patients’ anatomy,
fistula anatomy and the patient’s wishes. A variety of
new surgical procedures for anorectal fistula or anal
[13]
gland infection
should be performed in animals in
order to minimize the possible risk to humans. Small
animal models of anal fistula have not been well
described in terms of the pathogenesis and healing
[14]
of anorectal fistulas. Buchanan et al
successfully
established large animal models of anal fistulas and
described possible surgical techniques. Although their
research provided an important experimental platform
for an anal fistula model using large animals, the exact
[15]
pathogenesis of fistula formation was not described .
Different and novel surgical methods, such as fibrin
sealant or AFP plug, should be undertaken using
animal models before clinical trials are performed. It
is necessary to establish large animal models in this
research field. Ideal animals used in fistula models
[16,17]
are monkeys or dogs
. However, monkey or dog
experiments are not practical. The main purpose
of the present prospective study was to establish
an experimental porcine anal fistula model using a
rubber band ligation method and to provide a possible
platform for anorectal fistula research.

characteristics such as body weight, gender, and the
number of fistula (P > 0.05). In the experimental
group, 15 fistulas were confirmed clinically, 13
complex fistulas were confirmed by MRI, and 11
complex fistulas were confirmed by histopathology.
The success rate in the porcine complex fistula model
establishment was 83.33%. Among the 18 fistulas in
the control group, 5 fistulas were confirmed clinically,
4 complex fistulas were confirmed by MRI, and 3
fistulas were confirmed by histopathology. The success
rate in the porcine fistula model establishment was
27.78%. Thus, the success rate of the rubber band
ligation group was significantly higher than the control
group (P < 0.05).
CONCLUSION
Rubber band ligation is a stable and reliable method to
establish complex fistula-in-ano models. Large animal
models of complex anal fistulas can be used for the
diagnosis and treatment of anal fistulas.
Key words: Complex fistula-in-ano; Animal model;
Fistulas
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Different new surgical methods for fistula-inano such as fibrin sealant or AFP plug should be used
to establish animal models before a clinical trial begins.
We established an experimental porcine anal fistula
model using a rubber band ligation method which
may provide a possible platform for anorectal fistula
research. This surgical method using rubber band
ligation is more stable and reliable than an artificial
damage technique. Our porcine model of fistula-inano was confirmed by histopathology and anatomically
similar to humans. This porcine model of fistula-inano can be used in the diagnosis and treatment of anal
fistulas.
A Ba-Bai-Ke-Re MMTJ, Chen H, Liu X, Wang YH.
Experimental porcine model of complex fistula-in-ano. World J
Gastroenterol 2017; 23(10): 1828-1835 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i10/1828.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i10.1828

INTRODUCTION
Fistula-in-ano is a common disorder in general surgery.
A simple, open fistulectomy or fistulotomy is effective
for simple or low fistulas. However, complex or
multiple-tract fistulas are difficult to treat due to a high
rate of recurrence and a significant risk of incontinence.
Surgery remains the only method of healing anal
fistulas. To date, various treatment methods have been
used for fistula-in-ano due to the lack of a standard
treatment. Numerous surgical procedures including

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animal selection and experimental ethics

This research was conducted in accordance with
animal ethics regulation laws published in 1986 and
an animal protection law of the People’s Republic
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anoscopy under general anesthesia. A 0.5 cm minimal
incision in the anus was made in the lithotomy position
at the 3, 9, and 12 o’clock positions. The 6 o’clock
position was not used as it was extremely close to the
pig’s tail and coccyx, and to avoid the risk of sepsis. A
rubber band Seton was directly crossed through the
anal sphincter and inserted into the sphincter using
forceps. The incision was fixed using a gauze bandage.
All animals were placed in the postoperative care unit
until they regained consciousness. Vital signs were
monitored after surgery.

Table 1 Comparison of the general data between the two
groups

Experimental
group
Control group
χ 2/t value
P value

Number of
animals

Number of
fistulas

Male/female
ratio

Average
weight

6

18

3/3

39.3 ± 1.1

6

18

4/2
0.3429
0.5582

38.9 ± 1.2
0.6019
0.5606

of China. Care and handling of the animals were in
compliance with the “Guide for the Care and Use of
Laboratory Animals”. Written approval was obtained
from the animal experiment ethics committee of
The First Affiliated Hospital of Xinjiang Medical
University. All aspects of this study, including animal
husbandry, were undertaken at the First Affiliated
Hospital of Xinjiang Medical University. Considering the
similarities of the internal and external sphincter to
human anorectal structure, pigs were selected for this
research. Twelve healthy pigs (with an average weight
of 39-45 kg), chosen from the experimental animal
center of the First Affiliated Hospital of Xinjiang Medical
University, were used to establish an anal fistula model
using rubber band ligation surgery. All pigs were
randomly divided into two groups in accordance with
a computerized random number table. Under general
anesthesia, the experimental group underwent rubber
band ligation surgery, and the control group underwent
an artificial damage technique. An intramuscular
injection of the anesthetic Zoteil 50 at 1 mL/kg was
administered. Two mL of lidocaine was administered to
the local area for efficient general anesthesia.

Modeling methods in the control group: All
perioperative care, preparation, and incisions in the
control group were the same as for the experimental
group. Forceps were directly crossed through the anal
sphincter and inserted into the sphincter. No additional
materials were inserted into this artificial canal.
Following the establishment of these two models,
all animals received postoperative monitoring and a
standard diet.
Postoperative intervention: All wounds in the two
groups were observed and dressed daily. All Setons
th
were extracted on the 28 d under general anesthesia.
As anus sonography is unstable, all animals underwent
anorectal MRI after Seton extraction in order to
th
determine anatomical structure on the 38 d after
[18]
surgery according to the diagnostic guide for MRI .
th
On the 48 d after surgery, fistulas were resected
again and histopathological examinations were
performed. Following these procedures, all animals
were given their usual diet.

Animal care and use statement

Perioperative management

The animal protocol in this research was designed to
minimize animal pain and discomfort. The pigs were
acclimatized to laboratory conditions (23 ℃, 12h/12h
light/dark, 50% humidity, ad libitum access to food
and water) for eight weeks prior to experimentation.
Intragastric gavage was carried out in conscious
animals, using straight gavage needles appropriate
for animal size (35-45 g body weight: 22 gauge, 1
inch length, 1.25 mm ball diameter). All animals were
euthanized by barbiturate overdose (intravenous
injection, 150 mg/kg pentobarbital sodium) for tissue
collection.

Under general anesthesia, six experimental animals
underwent rubber band ligation surgery, and 18
models of fistula-in-ano were created. The control
group underwent an artificial damage technique.
There were no significant differences between the
experimental group and the control group regarding
general characteristics such as body weight, gender,
and number of fistula (P > 0.05) (Table 1). All animals
received a visual examination, palpation, and anoscopy
in the right lateral position after general anesthesia
th
and disinfection. On the 28 d after surgery, the
rubber bands were removed in the experimental
group. Clinical magnetic resonance imaging (MRI)
and histopathological evaluation were performed on
th
th
the 38 d and 48 d after surgery in both groups,
respectively. Clinical and histopathological evaluations
were also carried out in both groups.

Outcome measures and statistical analysis

All animals were reexamined under general anesthesia
to determine the clinical state of the created fistulas.
Fistula creation was considered successful when a
clear outer opening on clinical observation or obvious
structures on MRI were observed. The basic structure
of the fistula and hyperplastic tissue or fibroblast
components were considered histopathological con
firmation of the fistula model (Figures 1-3). The end
point of fistula healing was the disappearance of the

Surgical intervention

Modeling methods in the experimental group: All
animals in the experimental group underwent regular
disinfection, visual anus examination, and diagnostic
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A

B

C

Figure 1 Porcine model creation process. A: Intramuscular injection with anesthetic Zoteil 50 at 1 mL/kg; B: A 0.5 cm minimal incision made in the anus at 3, 9, and
12 o’clock position and ligated rubber used; C: Directly cross through the anal sphincter with rubber band seton.

A

B

C

Figure 2 Magnetic resonance imaging evaluation of created fistulas. A: Created fistulas; B and C: Typical fistula imaging was found and it was very similar to
human anal fistula imaging of magnetic resonance imaging.

experimental group, 15 fistulas were confirmed
clinically, 13 complex fistulas (7 lower type and 6
hilar type) were confirmed by MRI, and 11 fistulas
were confirmed by histopathology. All 11 fistulas
assessed histologically had a lumen and surrounding
granulation tissue. The granulation tissue was similar
to that seen in human fistula-in-ano. The clinical
success rate of the porcine fistula model was 83.33%.
In the control group of 18 fistulas, 5 fistulas were
confirmed clinically, 4 fistulas were confirmed by MRI,
and 3 fistulas were confirmed by histopathology. The
clinical success rate of the porcine fistula model was
27.78%. The success rate of the rubber band ligation
group was significantly better than the control group
(P < 0.05) (Table 2).

lumen on MRI or clinical observation.
Numerical data were expressed as the median and
ranges. Excel data analysis was performed using SPSS
2
19.0 software. The χ test was used to compare related
data. P < 0.05 was considered statistically significant.

RESULTS
Following surgery, all animals were alive with no
obvious adverse effects and no postoperative com
plications such as abscess or general infection.
There were no significant differences between the
experimental group and the control group regarding
general characteristics such as body weight,
gender, and number of fistulas (P > 0.05). In the
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A

B

C

Figure 3 Pathological findings of created fistulas. A: Epithelization in the created fistula tract; B and C: Epithelization and granulation were found in the created
fistula tract.

Table 2 Comparison of the characteristics and outcome between the two groups
Group
Experimental group
Control group
χ 2 value
P value

Animals

No. of fistulas

Number of successful
clinical models

MRI showing typical characteristics of
complex fistulas

Pathological features showing
fixed fistulas

6
6

18
18

15
5
9.1125
0.0025

13
4
7.1331
0.0076

11
3
7.4805
0.0062

treatment is effective for fistulas, according to a recent
meta-analysis, the success rate varies. These surgical
procedures have obvious shortcomings, and a standard
procedure is needed for treating anal fistulas. Reducing
recurrence and avoiding postoperative incontinence
are the final objectives of most new minimally invasive
[24,25]
surgical methods
. However, animal experiments
should be carried out to confirm the safety and efficacy
of the method before it is put into clinical application.
With the application of new concepts in perianal
anatomy, anorectal physiology, and the pathogenesis
of anal fistulas, there is an increasing tendency to
perform new therapeutic methods, and there has been
great progress in anorectal studies. Most of the studies
on anorectal diseases were based on clinical aspects
such as diagnosis or clinical treatment. However, there
is less information on basic research, such as animal
experiments. Due to technical difficulties and high
research cost, it is not easy to carry out basic research
on large animals. The purpose of establishing the
present animal model was to fill this gap and provide
a platform for further research in this field. This study
provides a feasible animal model for further study on

DISCUSSION
Anorectal fistula is an abnormal channel between
the anal canal and perianal skin due to chronic
infection, and is also called an anal fistula, or fistulain-ano. Highly complex anal fistulas are very common
[19-21]
and difficult to treat in clinical practice
. The
recurrence rate of highly complex fistulas is high,
and the healing time is long. Satisfactory defecation
control after traditional open surgery causes major
difficulties in the treatment of this disease. Although
anal fistulas are caused by chronic infections, it is not
the same as a typical superficial chronic infection.
The traditional treatment of anal fistulas, such as
fistulotomy, fistulectomy, or Seton ligation therapy,
can be associated with longer healing time and
significant pain in patients. In addition, care can
be complicated by anal dysfunction or even fecal
[22,23]
incontinence
. According to previous research, a
mucosal advancement flap is an alternative method
for repairing fistula-in-ano; however, this procedure
requires demanding technical support and has a high
postoperative recurrence rate. Although fibrin glue
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the diagnosis and treatment of anal fistulas.
In this study, we confirmed that there were no
significant differences between the experimental
group and the control group regarding the general
characteristics such as body weight, gender, and
number of fistulas (P > 0.05). In the experimental
group, 15 fistulas were confirmed clinically, 13
complex fistulas were confirmed by MRI, and 11
fistulas were confirmed by histopathology. The clinical
success rate of the porcine fistula model establishment
was 83.33%. This result was encouraging. In the
control group of 18 fistulas, 5 fistulas were confirmed
clinically, 4 fistulas were confirmed by MRI, and 3
fistulas were confirmed by histopathology. The clinical
success rate of the porcine fistula model was 27.78%.
The success rate in the rubber band ligation group
was significantly higher than that in the control group
(P < 0.05). The final results indicated that the rubber
band ligation method was a better animal model of
fistula-in-ano. We consider that use of the rubber band
ligation technique is stable and reliable, and better
than the artificial damage technique.
As it is impossible to resect the anal canal in
humans, the ideal experimental animal is the monkey.
These animals have typical anal gland structures
similar to humans; however, considering the national
animal protection laws, we selected pigs instead
and obtained satisfactory models of fistula-in-ano.
As shown by MRI and histopathological analysis, we
established 15 anal fistula models. We found scar
granulation tissue near the fistula. The morphology of
the anal muscle was very similar to human internal
and external anal sphincter structures. Model fistulas
in the experimental group had rich granulation tissue
confirmed by MRI and histopathology.
We designed the anal fistula model using pigs
as a large animal experimental model of fistula-inano is essential when histopathologic evaluations and
reproducibility are required. This study presents a
successful large animal experimental model of fistulain-ano, which satisfies the need for new management
alternatives such as an anal fistula plug or stem cells.
We believe that the rubber band ligation procedure
creates a better fistula model. This model had good
tolerance. We observed the experimental animals
for 60 d; 15 did not heal naturally, and the three
remaining fistulas self-healed. Self-healing may be
related to the anti-infection ability of the porcine
[26-28]
itself, but the exact mechanism is unclear
and
requires further study. We found that the anal fistulas
established using the rubber band ligation method
simulated the pathophysiology of a clinical anal
fistula. Compared with the animal model using BLAKE
[29]
silicone drains by Aikawa et al , the rubber band
ligation model was easily created and observed. In
the aforementioned research, the authors confirmed
the construction of a fistula according to clinical
manifestations. However, they did not describe how
the animal model was established or observed using
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measurement methods such as MRI or histopathology.
We conclude that the rubber band ligation method
was reliable and resulted in less damage to the normal
[30]
surrounding tissues. Marianas
constructed an anal
fistula model using steel wire. However, the author was
unable to detect possible changes in the surrounding
tissues and the state of the sphincter. We believe that
steel wire can easily lead to unnecessary damage to
normal tissues. In the present study, we also found
many epithelial cells, fibroblasts, inflammatory cells,
and muscle cell proliferation around the fistula. It is
possible that the created porcine fistula model may be
associated with the epithelization of chronic inflamed
tissue. We also conclude that simple injury does not
create a good anal fistula model. It is necessary to
provide enough time for the granulation process near
the artificial fistula.
With regard to durability and follow-up in this study,
we were unable to demonstrate durability (longer length
of time, stability without Seton) due to resection of the
anus and sphincter at the end of the experiment. Some
fistulas healed in the control group; thus, these animals
showed good healing of damage in the anorectal area.
Therefore, it is difficult to determine whether a stable
fistula can be obtained after the Seton is removed.
Further investigations are required to obtain satisfactory
fistulas. In addition, we were unable to detect the length
of the puborectalis muscle which is closely related to the
diagnosis of complex fistula-in-ano.
To date, complex human anal fistulas have not
[31-33]
been effectively resolved
. Many anorectal surgeons
have attempted to use minimally invasive surgical
treatments for anal fistulas, but have failed. Our
research team also tried to determine the efficacy of
minimally invasive surgery, but the results after a long
follow-up period indicated that the final success rate
[34]
was unsatisfactory . In order to obtain more precise
proof regarding pathogenesis, further animal studies
and other fundamental researches are required. The
porcine anus is anatomically similar to humans, which
was confirmed by MRI and histology. We conclude
that use of rubber band ligation to establish a complex
anorectal fistula was stable and reliable. Rubber
band ligation was better than the artificial damage
technique. Furthermore, the experimental porcine
anal fistula model using rubber band ligation can be
used in the diagnosis and treatment of anal fistulas.
Large animal models of anal fistula can also be used
for other anorectal diseases such as hemorrhoids, anal
fissure and anorectal abscess formation.
Compared with the animal model using BLAKE
[29]
silicone drains by Aikawa et al , the rubber band
ligation model was easily created and observed. We
searched for articles on animal anal fistula models
using PubMed and Web of Science databases, however,
we only identified 4 relevant articles. The researchers
in these studies confirmed the establishment of fistula
according to clinical manifestations only. They did not
describe how the animal model was established or
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damage process.

the measurement methods used such as pathophysio
logy, MRI and histopathology. In our research, we
determined that the rubber band ligation method was
reliable using MRI or histopathology. Although we were
unable to determine the pathophysiologic evidence
of the model, we believe that imaging and pathology
assessment were more practical than pathophysiology.
In addition, the pathophysiologic determination of
fistula is not easy. Anal fistula models established using
the rubber band ligation method could simulate the
pathophysiology of clinical anal fistulas. We will carry
out further studies in order to obtain pathophysiologic
evidence of rubber band ligation in the near future.
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AIM
To investigate the association between serum human
epidermal growth factor receptor 2 (HER2) extracellular
domain (ECD) and tissue HER2 status, and the prognostic
value of serum HER2 ECD in patients with gastric cancer.

Institutional review board statement: The study was approved
by the Research Ethics Committee of the Chinese People’s
Liberation Army General Hospital.
Informed consent statement: All study participants provided
written consent prior to study enrollment.

METHODS
A total of 239 patients with gastric cancer were enrolled
from December 2012 to June 2013. Serum HER2 ECD
was determined by chemiluminescent assay, and tissue
HER2 status was evaluated by immunohistochemistry
and fluorescence in situ hybridization assay. A receiver
operating characteristic (ROC) curve was plotted to
identify the optimal cut-off value for serum HER2 ECD
assay for predicting survival in gastric cancer patients.
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work non-commercially, and license their derivative works on
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RESULTS
Serum HER2 ECD was significantly correlated with
tissue HER2 status (P < 0.001), tumor size (P <
0.001), and intestinal type of gastric cancer (P =
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[3]

assays . This discrepancy might be partly due to the
fact that IHC detects protein expression on the tumor
cell surface, while FISH detects gene amplification in
the tumor cell nucleus. Second, IHC is semi-quanti
tative and notoriously subjective, while FISH is timeconsuming and relatively expensive. Third, HER2
[4]
status might change during trastuzumab therapy ,
and neither IHC nor FISH are effective assays for
[5]
reflecting the real-time scenario of HER2 status .
More convenient and reproducible detection methods
are therefore needed to identify HER2-positive gastric
cancer, thus facilitating the appropriate and effective
[6]
use of HER2-targeted therapy .
Noninvasive serum HER2 extracellular domain
(ECD) assay has the potential to supplement existing
[5]
HER2 tests . HER2 ECD is the extracellular fragment
of the HER2 protein, which is located on the surface of
tumor cells and may be released into the circulation
by shedding. Detection of serum HER2 ECD could
thus provide additional information on HER2 status.
Compared with tissue specimens, blood samples are
readily accessible and can be obtained repeatedly,
making serum HER2 ECD assay an ideal tool for the
dynamic monitoring of tumor phenotype. Moreover,
[7]
the approved automatic detection platforms , could be
used to measure serum HER2 ECD levels objectively
and reliably. The clinical relevance of serum HER2 ECD
has been investigated extensively in breast cancer,
and good concordance has been reported between
serum HER2 ECD levels and HER2 status in the
[8-10]
primary tumor site
. Generally, high serum HER2
ECD levels in patients with metastatic breast cancer
were correlated with high risk of disease progression,
decreased survival, and reduced response to treat
[11-13]
ment
. Several studies have also investigated the
clinical significance of serum HER2 ECD in gastric
[14-16]
cancer
. However, differences in detection methods
and patient enrollment across studies have led to
inconsistent results regarding the associations among
serum HER2 ECD concentrations, tissue HER2 status,
and patient outcome. Further studies are therefore
[17]
urgently needed to provide more solid data .
Here, we conducted a retrospective study in a large
cohort of patients with gastric cancer to investigate the
relationship between serum HER2 ECD concentration
and tissue HER2 status, and to determine the prognostic
value of serum HER2 ECD.

0.021). Serum HER2 ECD levels differed significantly
between patients with HER2-positive tissue expression
and those with HER2-negative tissue expression. ROC
analysis yielded an area under the curve value of 0.79
(95%CI: 0.71-0.87, P < 0.001), with a sensitivity and
specificity of 0.54 (95%CI: 0.37-0.70) and 0.93 (95%CI:
0.88-0.96), respectively. With a cut-off value of 24.75
ng/mL, high serum HER2 ECD had a negative impact
on overall survival of the patients (HR: 1.93, 95%CI:
1.32-4.38, P = 0.006).
CONCLUSION
Serum HER2 ECD could be a highly specific surrogate
biomarker for tissue HER2 status in gastric cancer.
Optimal cut-off criteria for predicting survival should be
established.
Key words: Gastric cancer; Serum HER2 extracellular
domain; Tissue HER2 status; Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Precise determination of HER2 status is crucial
for the appropriate use of HER2-targeted therapy in
gastric cancer patients. Our study investigated the
association between serum HER2 extracellular domain
(ECD) and tissue HER2 status, and also determined
the prognostic value of serum HER2 ECD in a large
cohort of patients. Serum HER2 ECD could provide
an easily accessible surrogate marker for tissue HER2
status, with high specificity. Furthermore, high serum
HER2 ECD had a negative impact on overall survival in
patients with gastric cancer.
Shi HZ, Wang YN, Huang XH, Zhang KC, Xi HQ, Cui JX, Liu
GX, Liang WT, Wei B, Chen L. Serum HER2 as a predictive
biomarker for tissue HER2 status and prognosis in patients with
gastric cancer. World J Gastroenterol 2017; 23(10): 1836-1842
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i10/1836.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i10.1836

INTRODUCTION
Patients with advanced gastric cancer positive for
human epidermal growth factor receptor 2 (HER2)
expression or gene amplification may benefit from
[1]
HER2-targeted therapy . Accurate determination of
HER2 status is therefore crucial for the appropriate
use of such therapy, as emphasized in the National
Comprehensive Cancer Network Clinical Practice
[2]
Guidelines in Oncology . These guidelines recommend
the use of immunohistochemistry (IHC) and fluo
rescence in situ hybridization (FISH) to assess HER2
overexpression. However, these recommended methods
have some limitations. First, a 13% discordancy rate
has been reported between the results of IHC and FISH

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patient enrollment

This study was approved by the Research Ethics
Committee of the Chinese People’s Liberation Army
General Hospital. A total of 239 consecutive patients
with histologically and pathologically confirmed gastric
cancer treated between December 2012 and June
2013 were included. Written informed consent was
obtained from the patients. Fasting blood samples
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Serum HER2 ECD assay

Table 1 Clinicopathological characteristics
Variables
Age (range, 23-89, yr)
≥ 60
< 60
Gender
Male
Female
Smoking status
Never
Ever
Tumor location
GEJ
Non-GEJ
Tumor size
≥ 5 cm
< 5 cm
pTNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Lauren classification
Intestinal type
Diffuse type
Tissue HER2 status (IHC/FISH)
Positive
Negative
Serum HER2 ECD (ng/mL),
median (range)

No. of patients

Percent

126
113

52.7
47.3

167
72

69.9
30.1

61
178

25.5
74.5

41
198

17.2
82.8

102
137

42.7
57.3

39
78
102
20

16.3
32.6
42.7
8.4

104
135

43.5
56.5

39
200
10.5 (4.2-190.2)

16.3
83.7

Serum HER2 ECD concentrations were measured
by chemiluminescence immunoassays using the
ADVIA Centaur System (Siemens Diagnostics, United
States) with a detection range of 0.5-350 ng/mL.
The assays were conducted in strict adherence with
the manufacturer’s instructions and blinded to clinical
outcomes.

Statistical analysis

Overall survival (OS) was defined as the period
from surgery to death from any cause, and patients
who were alive were censored at the last follow-up.
Survival curves were plotted by the Kaplan-Meier
method, and log-rank tests were used to compare
curves. Receiver operating characteristic (ROC) curves
were plotted to investigate the diagnostic role of
serum HER ECD for tissue HER2 status. Youden’s index
(sensitivity + specificity - 1) was used to determine
the optimal cut-off value from the ROC plot. The asso
ciations between serum HER2 ECD concentrations
and clinicopathological variables were investigated
2
using χ tests. Student’s t test and Mann-Whitney
test were used for analysis of continuous variables.
Statistical analyses were performed and presented
using GraphPad Prism 6. A two-sided P value < 0.05
was considered significant.

GEJ: Gastroesophageal junction; HER2: Human epidermal growth factor
receptor-2; ECD: Extracellular domain; IHC: Immunohistochemistry;
FISH: Fluorescence in situ hybridization.

RESULTS
Patient characteristics

A total of 239 patients with gastric cancer were
enrolled in the study. The patient characteristics are
shown in Table 1. The median age was 61 years (range:
23-89 years), and there were 167 (69.9%) men and
72 (30.1%) women. All tumors were adenocarcinomas.
According to the American Joint Committee on Cancer
7th edition, 39 (16.3%) patients had stage Ⅰ, 78
(32.6%) had stage Ⅱ, 102 (42.7%) had stage Ⅲ, and
20 (8.4%) had stage Ⅳ tumors. Tumors were classified
as intestinal- and diffuse-type in 104 (43.5%) and 135
(56.5%) patients, respectively.
Regarding tissue HER2 status, 150 patients were
IHC 1+/0 according to IHC staining, 70 were IHC 2+,
and 19 were IHC 3+. Patients with IHC 2+ expression
were subjected to FISH assay, and 20 of these patients
demonstrated gene amplification (Figure 1). According
to the criteria in the ToGA trial, there were 200 (83.7%)
HER2-negative and 39 (16.3%) HER2-positive cases.

were collected the day after admission to hospital, and
then stored at -80 ℃ until analysis. Clinicopathological
variables including age, gender, tumor location, tumor
size, tissue HER2 status, and survival time were
collected. Patients were followed up every 3 mo for
the first 2 years, every 6 mo for the next 3 years, and
every 1 year after 5 years.

Tissue HER2 status evaluated by IHC and FISH

[18]

HER2 IHC was performed as described previously .
In brief, tumor specimens were fixed in 10% neutralbuffered formalin overnight and embedded in
paraffin blocks. Sections (4 μm) were cut from the
tissue paraffin blocks, and IHC was performed using
HercepTest II™ (Dako, Denmark) according to the
manufacturer’s instructions. This process was conducted
at the Department of Pathology, Chinese People’s
Liberation Army General Hospital. IHC sections were
reviewed by experienced pathologists and were scored
for HER2 expression according to the criteria used in
[1]
the ToGA trial . If tissue HER2 expression was scored
as 2+, a further FISH assay was performed with
Abbott-Vysis PathVysion™ (Abbott Laboratories, United
States) according to the manufacturer’s protocol.
Tumor specimens with a HER2:CEP17 signal ratio ≥
2.0 or 3+ IHC staining intensity were judged as HER2positive.
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Predictive performance of serum HER2 ECD for tissue
HER2 status

The median serum HER2 ECD concentration among
the enrolled patients was 10.5 ng/mL (range: 4.2-190.2
ng/mL). Patients with HER2-positive gastric cancer had
significantly higher serum HER2 ECD levels than those
with HER2-negative gastric cancer (P < 0.001) (Figure
2A). The median serum HER2 ECD concentrations
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A

B

Figure 1 Representative gene amplification results of fluorescence in situ hybridization. A: Cases with HER2:CEP17 signal ratio > 2.0; B: Cases with HER2:
CEP17 signal ratio < 2.0.
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Figure 2 Serum HER2 ECD concentrations in patients with tissue HER2-positive and HER2-negative gastric cancer (A) and receiver operating
characteristic curve plot of serum HER2 ECD for tissue HER2 status (B).

negative gastric cancer (HR: 1.46 (0.92-2.73), P =
0.11) (Figure 3A). There was also no difference in
survival time between patients with serum HER2 ECD
levels ≥ 15.0 ng/mL and those with levels < 15.0
ng/mL [median time: 37 mo vs 38 mo, HR: 1.37
(0.87-2.36), P = 0.17] (Figure 3B). However, using a
cut-off point of 24.75 ng/mL (determined by Youden’
s index in the ROC plot), patients with higher serum
HER2 ECD levels had significantly shorter survival
compared with patients with lower serum HER2 ECD
[median time: 36 mo vs 38 mo, HR: 1.93 (1.32-4.38),
P = 0.006] (Figure 3C).

in HER2-positive and HER2-negative patients were
25.2 ng/mL (range: 7.3-190.2 ng/mL) and 9.9 ng/mL
(range: 4.2-77.7 ng/mL), respectively.
To investigate the predictive potential of serum
HER2 ECD for tissue HER2 status, we initially choose
a cut-off value of 15.0 ng/mL, as recommended for
breast cancer by the Food and Drug Administration
(FDA). The sensitivity and specificity were 0.59
(95%CI: 0.42-0.74) and 0.83 (95%CI: 0.77-0.88),
respectively (Table 2). The ROC plot showed an area
under the curve value of 0.79 (95%CI: 0.71-0.87,
P < 0.001) (Figure 2B). Youden’s index yielded an
optimal cut-off value of 24.75 ng/mL, with a sensitivity
and specificity of 0.54 (95%CI: 0.37-0.70) and 0.93
(95%CI: 0.88-0.96), respectively.

Correlations between serum HER2 ECD levels and
clinicopathological variables

We divided the enrolled patients into high-and lowserum HER2 ECD groups based on the cut-off value of
24.75 ng/mL. High serum HER2 ECD concentrations
were significantly correlated with large tumor size (P
< 0.001), intestinal type (P = 0.021), and tissue HER2
status (P < 0.001) (Table 3).

Survival analysis

There were 93 deaths after a median follow-up
time of 33 mo (range: 19-42 mo). The KaplanMeier curves are shown in Figure 3. Survival analysis
demonstrated no significant difference in survival
time between patients with HER2-positive and those
with HER2-negative gastric cancer. The median OS
in patients with HER2-positive gastric cancer was 37
mo, compared with 38 months in patients with HER2-
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DISCUSSION
The clinical application of serum HER2 ECD has been
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Figure 3 Kaplan-Meier curves for overall survival. A: Overall survival in patients with HER2-positive and HER2-negative gastric cancer; B: Serum HER2
extracellular domain (ECD) level < 15 ng/mL and serum HER2 ECD ≥ 15.0 ng/mL; and C: Serum HER2 ECD < 24.75 ng/mL and serum HER2 ECD ≥ 24.75 ng/mL.

Table 2 Diagnostic performance of serum HER2 extracellular domain for tissue HER2 status at different cut-off values
Cut-off values (ng/mL)
1

15.00
24.752

True positive

False positive

True negative

False negative

Sensitivity (95%CI)

Specificity (95%CI)

23
21

35
15

165
185

16
18

0.59 (0.42-0.74)
0.54 (0.37-0.70)

0.83 (0.77-0.88)
0.93 (0.88-0.96)

1

Value recommended by FDA for breast cancer; 2Value determined by Youden’s index in ROC plot.

extensively investigated in breast cancer, and has
[5]
shown promising diagnostic and prognostic potentials .
However, investigations of its role in gastric cancer
remain in the initial stages, and inconsistent results
related to the use of different assays and cut-off
[16]
values
highlight the need for further studies in this
[17]
field .
The current study enrolled 239 patients, which,
to the best of our knowledge, comprises the largest
cohort to date in studies using the chemiluminescence
immunoassay method to determine serum HER2
ECD concentrations. Our results showed that patients
with HER2-positive gastric cancer had higher serum
HER2 ECD concentrations than patients with HER2negative gastric cancer. Furthermore, there was a
significant association between tissue HER2 status
and serum HER2 ECD levels. Moreover, high serum
HER2 ECD concentrations were correlated with tumor
size, suggesting that circulating HER2 ECD might be
released from tumor cells. The ROC plot yielded an
optimal sensitivity and specificity of 0.54 and 0.93,
respectively, indicating that the serum HER2 ECD
assay had high value for identifying patients with
HER2-negative expression. Furthermore, our study

WJG|www.wjgnet.com

also showed that serum HER2 ECD concentrations
≥ 24.75 ng/mL had a negative impact on OS in
patients with gastric cancer, and could thus be a useful
prognostic indicator.
Using the cut-off value of 15.0 ng/mL reco
mmended for breast cancer by the FDA, we observed
no survival difference between patients with high
and low serum HER2 ECD concentrations. However,
our ROC analysis identified the higher level of 24.75
ng/mL as the optimal cut-off value. A previous study
reported similar results, and calculated an optimal
[19]
cut-off value of > 15.0 ng/mL from an ROC plot .
These results suggest that the value of 15.0 ng/mL
recommended by the FDA for breast cancer might
not be suitable for gastric cancer. There were also
different HER2 gene amplification criteria for breast
cancer and gastric cancer; a HER2:CEP17 signal ratio
> 2.2 was considered to indicate as HER2-positive
tumor eligible for trastuzumab therapy in breast cancer
[20]
patients , whereas a HER2:CEP17 signal ratio > 2.0
was considered to indicate HER2-positive gastric cancer
[1]
in the ToGA trial . The cut-off value of 24.75 ng/mL
identified in the current study may therefore be more
appropriate for gastric cancer, but more studies in
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reasonable to speculate that serum HER2 ECD level
might correlate with tumor recurrence. However,
no studies have yet reported on this relationship in
gastric cancer patients, and we plan to conduct such
experiments in the future.
In conclusion, this study showed that serum HER2
ECD could be a highly specific surrogate biomarker
for tissue HER2 status in patients with gastric cancer.
Furthermore, serum HER2 ECD levels ≥ 24.75 ng/mL
may be associated with poorer OS. Further prospective
studies in clinical settings are needed to validate the
eligibility of serum HER2 ECD for predicting response
to chemotherapy and tumor recurrence in gastric
cancer.

Table 3 Association between clinicopathological variables and
serum HER2 extracellular domain concentrations n (%)
Variables

Serum HER2 ECD concentrations
> 24.75 ng/mL ≤ 24.75 ng/mL
(n = 36)
(n = 203)

Age (yr)
≥ 60
< 60
Gender
Male
Female
Smoking status
Never
Ever
Tumor location
GEJ
Non-GEJ
Tumor size
≥ 5 cm
< 5 cm
Type of gastrectomy
Total
Subtotal
Type of surgery
Open
MIS
Lymph node
involvement
Positive
Negative
pTNM stage

0.474
17 (47.2)
19 (52.8)

109 (53.7)
94 (46.3)

23 (63.9)
13 (36.1)

144 (70.9)
59 (29.1)

11 (30.6)
25 (69.4)

50 (24.6)
153 (75.4)

5 (13.9)
31 (86.1)

36 (17.7)
167 (82.3)

27 (75.0)
9 (25.0)

75 (36.9)
128 (63.1)

0.396

0.452

0.573

Ⅱ
Ⅲ
Ⅳ

Lauren classification
Intestinal type
Diffuse type
Tissue HER2 status
(IHC/FISH)
Positive
Negative

COMMENTS
COMMENTS

< 0.001

Background

The ToGA trial demonstrated that patients with advanced gastric cancer,
positive for human epidermal growth factor receptor 2 (HER2) expression or
gene amplification, could benefit from HER2-targeted therapy. However, there
are some limitations for current methods to accurately determine HER2 status.
More convenient and reproducible detection methods to identify HER2-positive
gastric cancer are needed.

0.266
21 (58.3)
15 (41.7)

98 (48.3)
105 (51.7)

25 (69.4)
11 (30.6)

135 (66.5)
68 (33.5)

0.730

0.419
22 (61.1)
14 (38.9)

Research frontiers

138 (68.0)
65 (32.0)

This study investigated the association between serum HER2 extracellular
domain (ECD) and tissue HER2 status as well as the prognostic value of serum
HER2 ECD in a large cohort of patients.

0.576
6 (16.7)
12 (33.3)
13 (36.1)
5 (13.9)

Ⅰ

P value

33 (16.3)
66 (32.5)
89 (43.8)
15 (7.4)

Innovations and breakthroughs

There were different levels of serum HER2 ECD between patients with HER2positive tissue expression and those with HER2-negative tissue expression.
High serum HER2 ECD had negative impact on patient overall survival [hazard
ratio: 1.93 (95%CI: 1.32-4.38), P = 0.006].

0.021
22 (61.1)
14 (38.9)

82 (40.4)
121 (59.6)
< 0.001

21 (58.3)
15 (41.7)

Applications

18 (8.9)
185 (91.1)

Serum HER2 ECD could be a surrogate biomarker for tissue HER2 status with
high specificity.

GEJ: Gastroesophageal junction; HER2: Human epidermal growth factor
receptor-2; ECD: Extracellular domain; MIS: Minimally invasive surgery;
IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization.

Terminology

The HER2 ECD, the extracellular fragment of HER2 protein, locates on the
surface of tumor cells and could be released into the circulation by shedding.

clinical settings are needed to confirm the optimal cutoff value.
In addition to its diagnostic and prognostic poten
tials, serum HER2 ECD levels have other promising
clinical values. Because serum HER2 ECD can be
measured rapidly and repeatedly, monitoring HER2
ECD levels at different times might yield clinically
[15]
meaningful data. Oyama et al
found that changes
in serum HER2 ECD levels during chemotherapy were
significantly correlated with response to chemotherapy
in patients with HER2-positive tumor tissue. More
recently, patients with higher baseline serum HER2
ECD were shown to have a better response rate
[21]
before initiation of trastuzumab treatment . These
results demonstrated that serum HER2 ECD could be a
predictor of response to chemotherapy. The results of
our study showed a significant association between high
serum HER2 ECD level and tumor size. It is therefore
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The manuscript is very interesting, and it has several important new findings
on gastric cancer therapy. It is of particular notice the use of serum HER2 as a
predictive biomarker for tissue HER2 status and prognosis, which seems to be
a potential new tool to improve the treatment of gastric cancer.
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Abstract

Informed consent statement: All patients provided informed
written consent prior to study enrollment.

AIM
To compare the efficacy and safety of a hook knife (HO)
with a hybrid knife (HK) during endoscopic submucosal
tunnel dissection (ESTD) procedure.

Conflict-of-interest statement: The authors declared that there
are no conflicts of interest in this study.
Data sharing statement: The original anonymous dataset
is available on request from the corresponding author at
drjiang@163.com.

METHODS
Between August 2012 and December 2015, the ESTD
procedure was performed for 83 upper GI submucosal
lesions, which originated from the muscularis propria
layer identified by upper endoscopy and endoscopic
ultrasonography. Of these, 34 lesions were treated by
a HO, whereas 49 lesions were treated by a HK. Data
regarding age, gender, presenting symptoms, tumor

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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location and size, procedure time, complications, en
bloc resection rate and others were analyzed and

Resection of SMTs would be helpful in diagnosis
[1-3]
and may be curative . To date, several therapies
have been described to resect SMTs, including open
[4]
and laparoscopic surgery , endoscopic submucosal
[5-7]
dissection (ESD)
, endoscopic full-thickness
[8,9]
resection (EFR), etc. . Surgical approaches are more
invasive with a longer hospital stay of patients and
have greater cost compared with endoscopic methods.
However, ESD and EFR also have their limitations, and
they can be associated with major complications such
as perforation, which may be difficult to close and even
require surgery.
More recently, endoscopic submucosal tunnel
dissection (ESTD) has been a novel treatment for
upper gastrointestinal (GI) SMTs originating from
[10]
the muscularis propria (MP). Since Inoue et al
first
reported the usefulness of ESTD for SMTs in humans,
a number of authors have reported its efficacy and
[11]
safety. According to a review by Kobara et al , the
complete resection rate of ESTD for upper GI SMTs
ranged from 85.7% to 100%, and the complication
rate was 0%-16.7%. With regard to the endoscopic
devices used in ESTD procedure, there has been
wide variability among different centers. A hook
knife (HO), a hybrid knife (HK) and an insulated-tip
[12-14]
knife were reported in different studies
. For the
two endoscopic devices: HO and HK, no study has
assessed and compared their clinical outcomes in the
ESTD procedure. Hence, this study was conducted
to evaluate the clinical efficacy and safety of HK
compared with HO for ESTD.

compared between the two groups.

RESULTS
There were no significant differences in the age, gender,
presenting symptoms and tumor location between the
two groups. ESTD was successfully completed in all the
patients, and no case was converted to laparoscopy. The
mean procedure time was significantly shorter in the HK
group than in the HO group (41.3 ± 20.3 min vs 57.2
± 28.0 min, p = 0.004). The mean frequency of device
exchange was 1.4 ± 0.6 in the HK group and significantly
less than 3.3 ± 0.6 in the HO group (p < 0.001). The
differences in tumor size and histopathological diagnoses
were not significant between the two groups (p = 0.813,
p = 0.363, respectively). Both groups had an equal
en bloc resection rate and complete resection rate.
Additionally, the complication rate was similar between
the two groups (p = 0.901). During the follow-up, no
recurrence occurred in either group.
CONCLUSION
We demonstrate for the first time that HO and HK
do not differ in efficacy or safety, but HK reduces the
frequency of device exchange and procedure time.
Key words: Endoscopic submucosal tunnel dissection;
submucosal tumor; hook knife; hybrid knife; clinical
outcome
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Settings for the endoscopic submucosal
tunnel dissection (ESTD) procedure have not been
standardized, and no studies have directly compared
ESTD devices in humans. We compared the per
formance between hook knife (HO) and hybrid knife
(HK) in the ESTD procedure for upper gastrointestinal
submucosal tumors. Our study demonstrated for the
first time that HO and HK do not differ in terms of
efficacy or complication rates during ESTD procedure,
but HK can significantly reduce the frequency of device
exchange and procedure time.

MATERIALS AND METHODS
Between August 2012 and December 2015, 83
consecutive patients with upper GI SMTs were treated
with ESTD at the Department of Gastroenterology,
Nanfang Hospital, Southern Medical University,
China. The data were prospectively collected and
retrospectively reviewed. All the procedures were
performed by one experienced endoscopist (Gong
W). After the operator performed 15 cases (10 cases
were performed by a ho and 5 cases by a HK), the
procedure time became stable and the complication
rate was low. Therefore, the first 15 cases were not
included in our analysis to eliminate the effect of the
learning curve. Patients were divided into the following
two groups based on the type of endoscopic devices
used in ESTD: the hook knife (HO group, n = 34) and
the hybrid knife (HK group, n = 49). Indications for the
ESTD procedure were SMTs originating from the MP
layer identified by upper endoscopy and endoscopic
ultrasonography (EUS), lesions smaller than 4 cm,
and patients who can tolerate general anesthesia
with tracheal intubation. Data regarding age, gender,
presenting symptoms, tumor location and size,
procedure time, complications, en bloc resection rate
and others were analyzed and compared between the
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Zhang XF, Yang JF, Gong W, Jiang B. Endoscopic submucosal
tunnel dissection of upper gastrointestinal submucosal tumors:
A comparative study of hook knife vs hybrid knife. World J
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http://www.wjgnet.com/1007-9327/full/v23/i10/1843.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i10.1843

INTRODUCTION
Although most submucosal tumors (SMTs) are
benign, some of them have malignant potential.
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Figure 1 Illustration of endoscopic submucosal tunnel dissection for esophageal submucosal tumor in a patient using a hook knife. A: An submucosal
tumor (SMT) located at the left lateral wall of the mid esophagus; B: Endoscopic ultrasonography revealed a 32.8 mm × 14.7 mm hypoechoic submucosal lesion; C
and D: A 2-cm longitudinal incision is made into the mucosa after injection of natural saline with indigo carmine and epinephrine; E: After a mucosal incision was made,
submucosal dissection was made approximately 4 cm proximal to the SMT with a hook knife, creating a submucosal tunnel until the tumor was visible; F: Dissection
was done along the margin of the tumor; G: Endoclips were used to close the entry of the submucosal tunnel; H and I: Pathological examination revealed that the
resected specimen was a 28-mm leiomyoma.

two groups. Written informed consent was obtained
from all patients before the procedure.

D electrogenerator (ERBE) was used, and for final
closure of the mucosal entry site, hemostatic clips (EZCLIP, HX-110QR, Olympus; or Resolution, M00522610;
Boston Scientific, Boston, United States) were applied.
All the ESTD procedures were performed by a single
operator (Gong W).
The patients underwent the procedures under
general anesthesia with endotracheal intubation. CO2
was used during the procedure. The standard steps
of the procedure were described previously (Figures 1
[15]
and 2) .

ESTD procedure

A forward-viewing endoscope (GIFQ240Z; Olympus,
Tokyo, Japan) was used with a transparent distal
cap attachment (MH-588; Olympus). A hook knife
(KD-620L; Olympus) and an injection needle (NM4L-1, Olympus), or a hybrid knife (ERBE, Tübingen,
Germany) were used to dissect the submucosal
layer and the tumors. A pair of coagulating forceps
(Coagrasper, FD-410L; Olympus) was used to
coagulate large vessels prior to dissection and for
hemostasis. A carbon dioxide (CO2) insufflator (UCR;
Olympus) was used. For electrosurgery, a VIO 200
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ESTD devices

[16]

The hook knife was developed by Oyama et al , and
the tip of the knife is bent at a right angle for marking
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Figure 2 Illustration of endoscopic submucosal tunnel dissection for esophageal submucosal tumor in a patient using a hybrid knife. A: An submucosal
tumor (SMT) located at the posterior wall of the mid esophagus; B: Endoscopic ultrasonography revealed a 15.2 mm × 11.4 mm hypoechoic submucosal lesion;
C: After a 2-cm longitudinal mucosal incision was made, submucosal dissection was made approximately 4 cm proximal to the SMT with a hybrid knife, creating a
submucosal tunnel; D and E: Dissection was done along the margin of the tumor; F: Endoscopic view of submucosal tunnel after removal of the tumor; G: Endoclips
were used to close the entry of the submucosal tunnel; H and I: Pathological examination revealed that the resected specimen was a 15-mm leiomyoma.

and cutting mucosa as well as the submucosal fibers.
The length of the hook is 1.3 mm and the length of
the arm is 4.5 mm. The knife is hosted within an outer
sheath.
The hybrid knife has combined capabilities of
radiofrequency application and needle-less waterjet
[17,18]
injection in a single instrument
. The outer
diameter is 2.1 mm and the lumen is 120 µm. There
are two types of hybrid knife: I-type and T-type. In our
study, only the T-type was used.

were carried out.
All patients were scheduled for a follow-up visit
at 3 and 6 months and 1 year after ESTD for upper
endoscopy and EUS. If there is no residual tumor,
follow-up is performed annually.

Evaluation of clinical outcomes

The procedure time was defined as from the moment
of submucosal injection to closure of mucosal entry
after removal of the lesion. En bloc resection was
defined as resection of the target tumor in one piece.
Complete resection was defined as follows: the
capsule of the tumor was intact and the basal and
lateral margins were free of tumor cells. Complications
were defined as bleeding, perforation or subcutaneous
emphysema. Bleeding was defined as an oozing or

Histopathological evaluation and follow-up

Resected specimens were retrieved and immediately
fixed in a 10% buffered formalin solution. Hematoxylin
and eosin and immunohistochemical staining (CD34,
CD117, actin, S-100, desmin, vimentin, and Ki67)
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between the two groups (p = 0.363).
The en bloc resection and complete resection were
achieved in 32 out of 34 lesions (94.1%) in the HO
group and in all 49 lesions (100%) in the HK group,
which were similar in the two groups (p = 0.165). The
mean duration of the hospital stay was 5.6 ± 1.4 d
in the HO group and 5.8 ± 1.5 d in the HK group (p
= 0.501). During the follow-up time, no recurrence
occurred in either group.

Table 1 Patient baseline characteristics in hook knife group
and hybrid knife group n (%)
HO group (n = 34) HK group (n = 49) P value
Gender, female
Age, years (range)
Presenting symptoms
Asymptomatic
Epigastric discomfort
Chest discomfort
Dysphagia
Regurgitation
Tumor location
Esophagus
Cardia
Stomach

11 (32.4)
50.1 ± 9.4 (27-66)

22 (44.9)
46.9 ± 12.9 (19-68)

0.251
0.195

11 (32.4)
10 (29.4)
8 (23.5)
3 (8.8)
2 (5.9)

19 (38.8)
14 (28.6)
11 (22.4)
3 (6.1)
2 (4.1)

0.965

23 (67.6)
7 (20.6)
4 (11.8)

34 (69.4)
10 (20.4)
5 (10.2)

Procedure time

The total procedure time in the HK group was
significantly shorter than in the HO group (41.3 ±
20.3 min vs 57.2 ± 28.0 min, p = 0.004). The mean
frequency of device exchange was 1.4 ± 0.6 in the HK
group and 3.3 ± 0.6 in the HO group (p < 0.001), and
the mean frequency of coagulation forceps use was
similar between the two groups (p = 0.625).

0.973

HO group: Hook knife group; HK group: Hybrid knife group.

spurting bleeding observed and requiring the use
of coagulating forceps or endoclips. Perforation was
defined as having occurred when a hole was easily
recognizable by endoscopy during ESTD, or when free
air was detected on a plain radiograph taken after
ESTD.

Complications

Four perforations (two in the HO group and two in the
HK group) occurred during ESTD and were closed by
endoclips. Intraoperative bleeding occurred in 1 patient
of the HO group and was successfully controlled by
coagulating forceps. No other complications were
recorded during the procedures. Three patients (one
in the HO group and two in the HK group) developed
subcutaneous emphysema after the procedure, all of
which resolved spontaneously after the ESTD.

Statistical analysis

Continuous variables are presented as the mean ± SD.
Categorical variables were expressed as numbers and
percentages. Statistical differences were analyzed with
2
Student’s t-test, χ test or Fisher’s exact test. Values of
p < 0.05 were considered statistically significant. Data
were analyzed using commercially available statistical
software packages SPSS version 19.0 (SPSS Inc.,
Chicago, IL, United States).

DISCUSSION
ESTD has been an emerging novel therapeutic option
for upper GI SMTs originating from the MP layer. It has
several advantages over other treatment modalities,
such as ESD and EFR. First, through the submucosal
tunnel, SMTs can be dissected and resected under
direct endoscopic vision, and the bleeding spot can be
detected immediately and managed successfully by
hemostasis. Second, the ESTD procedure maintains
the mucosa layer above the SMTs intact, thereby
maintaining the integrity of the GI tract mucosa.
Finally, the entry to the submucosal tunnel can be
easily closed with several clips.
For the equipment used in the ESTD procedure, a
variety of endoscopic knives were applied in different
[12]
studies. Li et al
preferred to use a hook knife or
[13]
hybrid knife during the procedure, Liu et al
and
[14]
Wang et al
chose to use an insulated-tip knife or a
hybrid knife. In our center, a hook knife or hybrid knife
was mostly used in ESTD. Different endoscopic devices
have various properties and advantages. Therefore,
we conducted this study to compare clinical outcomes
for upper GI ESTD with the use of HO or HK. Here,
we demonstrated for the first time that HK had the
advantage of a shorter operation time compared with
HO, and the frequency of device exchange in the HK
group was less than in the HO group. The complication

RESULTS
Patient baseline characteristics

Eighty-three patients with a total of 83 lesions were
enrolled in this study. A summary of patient baseline
characteristics is shown in Table 1. There were no signi
ficant differences in age, gender, presenting symptoms
and tumor location between the two groups.

Clinicopathological characteristics

ESTD was successfully completed in all the patients
and no case was converted to laparoscopy. The
clinicopathological details of patients and lesions
are shown in Table 2. The mean size of the resected
specimens was 19.7 ± 7.2 mm in the HO group and
19.3 ± 7.5 mm in the HK group. This difference was
not significant (p = 0.813). The number of tumors
larger than 20 mm was 8 (23.5%) in HO group and
13 (26.5%) in HK group (p = 0.757). With regard
to histopathological results, there were 27 (79.4%)
leiomyomas, 6 (17.6%) GISTs and 1 (2.9%) lipoma in
the HO group, and there were 42 (85.7%) leiomyomas
and 7 (14.3%) GISTs in the HK group. The proportion
of tumor pathology was not significantly different
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Table 2 Clinical outcomes and histopathological results n (%)

Procedure time, min (range)
Frequency of device exchange, n (range)
Frequency of coagulation forceps use, n (range)
Tumor size, mm (range)
No. of tumors based on size (mm)
≤ 20
> 20
Histopathological diagnosis
Leiomyoma
Gastrointestinal stromal tumor
Lipoma
En bloc resection
Complete resection
Complications
Perforation
Bleeding
Subcutaneous emphysema
Hospital stay, days (range)
Mean follow-up time, months (range)
Recurrence rate, %
b

HO group (n = 34)

HK group (n = 49)

P value

57.2 ± 28.0(30-150)
3.3 ± 0.6 (2-5)
0.2 ± 0.4 (0-1)
19.7 ± 7.2 (10-40)

41.3 ± 20.3 (15-120)
1.4 ± 0.6 (1-3)
0.2 ± 0.4 (0-1)
19.3 ± 7.5 (8-40)

0.004b
0.000b
0.625
0.813

26 (76.5)
8 (23.5)

36 (73.5)
13 (26.5)

0.757

27 (79.4)
6 (17.6)
1 (2.9)
32 (94.1)
32 (94.1)

42 (85.7)
7 (14.3)
0 (0)
49 (100)
49 (100)

0.363
0.165
0.165

2 (5.9)
1 (2.9)
1 (2.9)
5.6 ± 1.4 (3-10)
27.2 ± 6.4 (18.9-41.4)
0

2 (4.1)
0 (0)
2 (4.1)
5.8 ± 1.5 (3-10)
25.5 ± 4.0 (20.6-39.7)
0

0.568
0.501
0.175
1.000

P < 0.01. HO group: Hook knife group; HK group: Hybrid knife group.

rate, en bloc resection and complete resection rate
were almost the same between the two groups. During
the follow-up time, no recurrence occurred in the two
groups.
Primarily used in the EMR procedure, HO allows for
marking and cutting mucosa, submucosal fibers, and
[16]
vessels, as well as for hemostasis of minor bleeding .
Because the direction of the hook knife can be
controlled and held parallel with the muscularis propria
layer, it has the advantage of preventing perforation
[16]
during ESD . However, it is notable that HO does not
enable injection of dyed saline to stain submucosal
fibers, and it requires a frequent exchange of devices,
resulting in prolonged procedural time. Recently, HK
was developed to simplify the endoscopic procedure.
It is multifunctional with the abilities of submucosal
injection, circumferential cutting, dissection of
[18]
lesions, and coagulation of bleeding . Therefore, the
procedure can be performed by the same HK without
the need of device exchange.
A few studies have demonstrated that HK can
reduce the frequency of device exchange and the
[19,20]
[19]
procedure time
. Zhou et al
compared the
procedure time, efficacy, and safety of HK-assisted
ESD with the conventional technique in patients with
early gastric cancer (EGC) in a randomized controlled
trial. They revealed that HK-assisted ESD was as
effective and safe as conventional devices (the IT-2
knife, Dual Knife and Hook Knife)-assisted ESD for
treating EGC, but the HK group was associated with
a shorter procedure time and a lower frequency of
device exchange compared with the conventional
[19]
[20]
group . Furthermore, Cai et al
also demonstrated
that HK achieved shorter procedure time, fewer
accessory exchanges, less frequent use of coagulation
forceps to control bleeding, and a lower bleeding rate
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in comparison with a triangle knife. Our study found
that HK shortened the operation time and required
fewer device exchanges in the ESTD procedure, which
was comparable to these ESD studies above.
ESTD consisted of 4 standard steps: mucosal
incision, creation of the submucosal tunnel, dissection
of the lesion and closure of mucosal entry. The step
of submucosal tunnel creation was a major and
integral part of the whole procedure, which is very
time-consuming. In addition to HO, HK, or other
endoknives, some novel devices or techniques were
also described to facilitate submucosal tunnel creation.
[21]
Sumiyama et al reported using high-pressure carbon
dioxide injection and balloon dissection to create
a submucosal tunnel, and this was also called the
mucosal flap safety valve (SEMF) technique. Khashab
[22]
et al
used a novel gel with dissecting properties
for facilitating submucosal tunneling during peroral
endoscopic myotomy (POEM). The preliminary animal
study demonstrated that the gel consistently resulted
in efficient auto-tunneling without any complications.
The authors suggested that this novel material may
replace other endoknives to create submucosal tunnels
and has the potential to revolutionize the submucosal
[23]
tunnel technique and ESD. Moreover, Khashab et al
also showed that direct jet injection of dyed saline
through the dedicated channel of the gastroscope
could result in adequate, consistent and reliable
staining of submucosal fibers and made submucosal
dissection accurate and safe. However, the prerequisite
of this method is availability of a gastroscope with a
dedicated water jet channel, which may limit its further
widespread use. Some chemical agent was also applied
to facilitate submucosal tunnel creation. Kawahara et
[24]
al recently demonstrated that submucosal injections
of mesna could soften tissues and facilitate POEM.
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Terminology

In the porcine study, submucosal tunneling time was
significantly shorter in the mesna group than in the
saline group, regardless of the dissection method.
We acknowledge that there are some limitations
in the current study. First, it is not a prospectively
randomized controlled design. Therefore, the clinical
data is not sufficient. The time required for submucosal
tunnel creation and tumor dissection during the whole
procedure is lacking, so we cannot evaluate in which
step of ESTD the HK can reduce operation time.
Second, our study only involved a single operator and
institution. Finally, the follow-up time was not long
enough, hence we cannot comment on long-term
efficacy.
In conclusion, our results indicated that a hook
knife and a hybrid knife do not differ in terms of
efficacy or complication rates, but the hybrid knife
can reduce the frequency of device exchange and
procedure time. Further randomized controlled trials
with large-volume cases are warranted to evaluate the
efficacy and safety of these two devices.

ESTD is an emerging endoscopic therapeutic modality. The standard ESTD
procedure for GI SMTs includes four major steps: mucosal incision, creation of
the submucosal tunnel, dissection of the lesion and closure of mucosal entry.
ESTD procedure for GI SMTs has the advantages of high resection rate and the
low complication rate.

Peer-review

the manuscript is of interest for a broad readership and the feasibility of ESTD
procedures in order to remove upper GI submucosal lesions is highlighted
clearly.
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Abstract
AIM
To assess the feasibility and effectiveness of a novel
application of percutaneous intraductal radiofrequency
(RF) for the treatment of biliary stent obstruction.

Institutional review board statement: The study was reviewed
and approved by the Ruijin Hospital Luwan Branch Review
Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
We specifically report a retrospective study presenting
the results of percutaneous intraductal RF in patients
with biliary stent occlusion. A total of 43 cases involving
biliary stent obstruction were treated by placing an
EndoHPB catheter and percutaneous intraductal RF
was performed to clean stents. The stent patency
was evaluated by cholangiography and follow-up by
contrast enhanced computed tomography or ultrasound
after the removal of the drainage catheter.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Following the procedures, of the 43 patients, 40
survived and 3 died with a median survival of 80.5
(range: 30-243) d. One patient was lost to followup. One patient had the stent patent at the time of
last follow-up. Two patients with stent blockage at 35
d and 44 d after procedure underwent percutaneous
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transhepatic drain insertion only. The levels of
bilirubin before and after the procedure were 128 ±
65 µmol/L and 63 ± 29 µmol/L, respectively. There
were no related complications (haemorrhage, bile duct
perforation, bile leak or pancreatitis) and all patients’
stent patency was confirmed by cholangiography after
the procedure, with a median patency time of 107
(range: 12-180) d.

8 mm

24 mm

CONCLUSION
This preliminary clinical study demonstrated that
percutaneous intraductal RF is safe and effective for
the treatment of biliary stent obstruction, increasing
the duration of stent patency, although randomized
controlled trials are needed to confirm the effectiveness
of this approach.

Figure 1 The Habib EndoHPB bipolar radiofrequency ablation catheter
with two bare metal electrodes 8 mm apart and the catheter head located
5 mm from the distal electrode.

Key words: Percutaneous transhepatic cholangiography;
Intraductal radiofrequency; Malignant obstructive jaundice

our research group investigated the treatment of
biliary stent occlusion by percutaneous biliary RF.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
The Habib EndoHPB RF catheter for bipolar RFA
(EMcision, United States) has a bipolar RF probe
diameter of 8 Fr (2.6 mm), a length of 1.8 m, and
a distance of 0.035 (COOK, United States) that
allows to pass over a guide wire. The catheter has
two ring electrodes separated by a distance of 8 mm
and a leading edge that extends 5 mm beyond the
distal electrode, and it can produce focal coagulation
necrosis with a long diameter of more than 2.5 cm
(Figure 1). This catheter can be used in the treatment
of intraductal RF.

Core tip: This study sought to assess the feasibility and
effectiveness of a novel application of percutaneous
radiofrequency ablation in the treatment of biliary stent
obstruction. We report a retrospective study with the
results of percutaneous intraductal radiofrequency
ablation in patients with biliary stent occlusion.
Xia N, Gong J, Lu J, Chen ZJ, Zhang LY, Wang ZM. Percutaneous
intraductal radiofrequency ablation for treatment of biliary stent
occlusion: A preliminary result. World J Gastroenterol 2017;
23(10): 1851-1856 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1851.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1851

Patient characteristics

From July 2012 to March 2014, 43 patients with
malignant biliary obstruction were recruited to this
study. These patients underwent biliary stent (SEMSs,
length 6-8 cm, diameter 1 cm, BARD, United States)
treatment by percutaneous puncture (n = 24; stent
patency range: 72-145 d) or endoscopic retrograde
cholangiopancreatography (n = 19; stent patency
range: 69-139 d). After treatment, the patients had
fever, jaundice or symptoms of abdominal pain again
(15-110 d). All patients underwent evaluation by CT or
ultrasound to confirmed the proximal stent dilatation of
the bile duct, an assessment of biliary stent occlusion,
and dilatation of the intrahepatic bile duct, and routine
preoperative examinations (routine blood parameters,
liver function, renal function, and blood coagulation
function). There were 24 cases of pancreatic car
cinoma, 8 cases of bile duct carcinoma, 6 cases of
hepatocellular carcinoma, and 5 cases of gallbladder
cancer. The mean of patients’ ages was 62 (47-82)
years, and the male:female ratio was 26:17. Severe
coagulopathy, heart failure and cardiac pacemaker
implantation were contraindications for the procedures
of this study. All patients signed an informed consent
form before undergoing these procedures, which were

INTRODUCTION
The use of biliary self-expanding metallic stents
(SEMSs) is an effective method for treating malignant
biliary obstruction. However, with excessive tumor
growth, tumor ingrowth, epithelial hyperplasia, bio
logical film deposition and biliary sludge formation,
[1]
the patency time of SEMSs is approximately 120 d .
The current management approaches for occluded
SEMSs include mechanical cleaning and the insertion
of a second stent (a covered SEMS, uncovered SEMS
or plastic stent) via an endoscopic or percutaneous
[2]
approach .
Recently, numerous clinical reports have demon
strated the safety and efficacy of using a novel
radiofrequency (RF) ablation (RFA) catheter for
[3,4]
endoscopic palliative procedures
. There is a
clinical need for an effective method of re-opening
biliary stents that accounts for the limitations of an
endoscope, particularly in cases involving hepatic hilar
tumors or after gastrointestinal operations. Therefore,
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A

B

Table 1 Procedure details
Ablation time (s)
Ablation repeats
Ablation energy (J)
Stenosis length (mm)

90 (62-150)
3 (2-5)
2474 (1200-3600)
35 (20-55)

Data are expressed as medians (range).

C

D

E

F

generator was then connected using the following
parameters: a frequency of 400 KHz, a power of
710 W, the mean ablation time of 90 s (range from
60 to 120 s), a stop time of 60 s, and a total output
energy of 1200-3600 J (Figure 2). The ablation
procedure was repeated 2 to 3 times across the length
of the obstruction, and the catheter was removed
simultaneously (Table 1).
The RFA catheter was then withdrawn. A drainage
tube was implanted, stent patency was confirmed
by angiography, and the bile duct was flushed with
0.9% saline to avoid stents restenosis. The indwelling
drainage tube was removed 2-3 d after the operation,
after which biliary stent patency was reconfirmed by
cholangiography and the tract was plugged.

Evaluation and follow-up

All patients underwent routine blood tests, liver and
kidney function assessments, and determinations of
serum amylase and C-reactive protein (CRP). And
relevant data were recorded. Biliary tract dilatation
was determined by CT, and biliary stent stenosis
measurements, the number of ablations, and the
ablation power output were recorded. The indwelling
biliary drainage tube was removed 2 d after the
procedures, and the tract was plugged with a gelatin
sponge to prevent bile leakage into the peritoneal cavity.
During the first week of follow-up, the patients were
subjected to liver function tests and determinations
of serum amylase and CRP. At 2 or 3 wk of follow-up,
the patients were examined either as outpatients or
during hospitalization, and liver function and bilirubin
concentration changes were recorded. Ultrasound or
low-dose CT was also performed to evaluate biliary
tract dilatation, and survival times were recorded.
Additionally, stent patency was evaluated by ultrasound
or CT scan, with continuous bilirubin increase or
pneumobilia considered to indicate stent obstruction.

Figure 2 Images for a 53-year-old female with carcinoma of the pancreatic
head and a biliary stent implanted to treat obstructive jaundice 3.5 mo prior
to this study for obstructive jaundice. An enhanced computed tomography
(CT) scan showing bile duct obstruction (A); CT coronal reconstruction clearly
showing stent obstruction (B); cholangiography revealing the complete
obstruction of the biliary stent (C), the intraductal radiofrequency (RF) catheter in
the position of obstruction (D), and internal and external drainage tube after RF
(E); angiography indicating stent patency after procedure (F).

approved by the relevant ethics committee.

Procedure details

An Innova 3100 DSA (GE, United States) system
was used for image-guided applications. A RITA
1500X RF generator (AngioDynamics, United States)
was used for energy output. Under DSA guidance,
contrast agent was injected into the bile duct, and the
length of the stenosis was accurately determined by
cholangiography. Using a guidewire technique, the
catheter (C3 COOK, United States) was positioned
in the area of the occlusion. In cases of complete
biliary occlusion, it was necessary to form the guide
wire into a loop using vascular catheters and a 5 Fr
sheath (Terumo Japan) for support before passing the
wire through the occlusion. If the 0.035 guide wire
(Terumo Japan) remained unable to pass through
the obstruction, the 0.018 guidewire (Boston, United
States) was used. The location of the RF catheter was
confirmed to avoid contact with the intestine. The RF

WJG|www.wjgnet.com

Statistical analysis

All study data were analyzed using SPSS 17.0 and
GraphPad Prism 5 statistical software. The data
are expressed as the median (range) or mean (±
SD). Measurement and count data were evaluated
2
using t-tests and χ tests, respectively. P < 0.05 was
regarded as statistically significant.

RESULTS
All patients underwent successful intraductal RF in the
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Stents luminal

Pre
Post

1.0

Table 2 Biochemical parameters before and after the procedure

Luminal daimeter (cm)

Parameters
Bilirubin (µmol/L)
ALP (IU/L)
ALT (IU/L)
GGT (IU/L)
LDH (IU/L)
AST (IU/L)
CRP (mg/L)
Amylase (IU/L)

0.6
0.4
0.2
0.0

Pre

Post-ablation
(day 3)

Normal

128 ± 65
1240 ± 865
105 ± 58
747 ± 729
60 ± 84
98 ± 49
15 ± 8
80 ± 15

63 ± 29
1032 ± 790
79 ± 40
720 ± 625
311 ± 45
65 ± 34
12 ± 7
79 ± 12

0-21
30-130
< 40
< 55
0-250
< 40
0-5
0-90

Post

after procedure was 1 mm (range: 0-4 mm) vs 8.0
mm (range: 6.0-10.0 mm). The median stent patency
duration was 107 d (range: 12-180 d). Figure 3
presents Kaplan-Meier curves that reveal stent patency
trends. Figure 4 indicates pre- and post-procedure
luminal diameters. The bilirubin levels before and after
procedure were 63 ± 29 µmol/L vs 128 ± 65 µmol/L (P
< 0.05). Table 2 showed details about hepatic function
metrics changes before and after procedure.

Figure 3 Stent patency trends after procedure.
Stents patency
1.0

Cum stents patency

Pre-ablation

0.8

0.5

DISCUSSION

0.0

0

50

100

150

Obviously, with lengthened patient survival times,
SEMS occlusion has become a common clinical
situation. Although organic polymer-packaged SEMSs
or methods to coat stents with nickel titanium alloy
or other alloys could potentially be used instead of
stainless steel or covered stents to address the issue
of stent restenosis, experimental data have not
[5,6]
supported this possibility . Rather, the data have
indicated that these novel types of stents increase
the incidence of pancreatitis and cholecystitis, leading
[7-9]
to long-term inflammation and bile duct bleeding .
[10]
Khashab et al tried to extend the stent patency time
by changing the shape of the stent, but the results
were not different from those for a conventional stent.
Once a stent is placed in the bile duct, an en
crustation of amorphous material and bacteria
(sludge) begins to accumulate on its surface. The
major limitation to long-term biliary stenting is thus
early stent occlusion, although early symptoms of
stent obstruction are not typical. Pneumobilia in
the intrahepatic biliary tree is present when there
is reflux of gas from the bowel and can also be
present after biliary stent occlusion. In this context,
early improvement of biliary drainage is particularly
[11]
important .
RF has been widely used to treat malignant solid
tumors and has even become a standard treatment
for certain inoperable tumors, such as liver cancer
and lung cancer. Its safety and efficacy are well
established. However, restricted to the traditional RF
structure, the RF technology has never been used
to treat malignant biliary obstruction. The use of
this catheter risks indirect injury to adjacent organs
and electrode-induced skin burns. In addition, the

200

t/h

Figure 4 Luminal diameters before and after the procedure.

stents, and cholangiography was performed to ensure
stent patency after the procedure. The indwelling
drainage tube was retained for 7 d after procedures
in 2 cases, because of necrosis and cholestasis after
procedure, and in the remaining 41 cases, the biliary
drainage tube was removed 2 d after the procedure.
Post-procedure cholangiography revealed stent patency.
There were no cases requiring implanting another biliary
stent or further percutaneous transhepatic drainage.
There were no procedure related complications per
SIR reporting standards. And no cases of hemorrhage,
bile duct perforation, bile leak, or pancreatitis were
observed after the intraductal RF. Mild abdominal pain
(n = 16) was the main symptom after procedure,
and it can subside spontaneously in 36 h. One patient
was lost to follow-up, and 3 patients with cachexia
due to multiple organ failure died 1 mo after ablation.
Intraoperative angiography indicated that the median
length of the biliary stricture was 35 mm (range:
20-55 mm). The median number of intraductal RF was
3 times (range: 2-5 times), which was based on the
location and degree of obstruction of the biliary stent.
The median output power for the intraductal RF was
2474 J (range: 1200-3600 J), and cholangiography
was used to measure the diameter of the biliary tract.
The median diameter of the biliary stricture before and
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unpredictability of the electric current path reduces the
ablation area. The use of RFA in the biliary tract is also
limited due to the possibility of biliary fistulas and bile
duct adhesion. A new bipolar catheter can avoid the
aforementioned problems and has been demonstrated
to be successful and safe for palliative therapy for
[12]
malignant biliary occlusion .
Intraductal RF can delay tumor growth and retain
the patency of SEMSs for a prolonged duration. In
turn, the successful drainage leads to prolongation
[13]
[14]
of survival time . Khorsandi et al
subjected the
EndoHPB catheter to extensive in vivo preclinical
testing. A preliminary study using a pig model indicated
that this catheter can be safely deployed in the context
of SEMSs. In particular, intraductal RF treatment
using this catheter causes the coagulative burning
of intraductal tissues, but the heat associated with
[15,16]
this burning will not damage surrounding tissue
.
Another single published ex-vivo porcine study sought
to systematically evaluate the effect of intraductal RF
at various power settings (5, 10, 15 and 20 W) and
durations of treatment (60, 90 and 120 s) on freshly
[17]
resected porcine livers . In practice, setting the output
power to 10 W and ablation time for 90 s, it performed
safe and efficient (Table 1). In the current study, none
of patients exhibited pancreatitis or a biliary fistula due
to heating.
An examination of endoscopic biliary RFA treatment
in cases of malignant biliary obstruction and stent
restenosis has confirmed the efficacy and safety
[18]
[3]
of biliary RF technology . Steel et al specifically
reported the endoscopic intraductal RF in 22 patients
with malignant biliary obstruction. The examined cases
included 10 patients with biliary SEMS restenosis (6
pancreatic cancer patients, 2 bile duct carcinoma
patients, and 2 metastatic liver cancer patients) who
underwent 13 intraductal RF treatments. The luminal
diameter of the stenosis increased from a preoperative
value of 1 mm to 5 mm after intraductal RF. The biliary
stents remained open with a median patency duration
of 119 d after procedures. Clinical research results
have also demonstrated the effectiveness and safety of
RF therapy for stent restenosis treatment in the biliary
[19]
tract . For patients with a history of gastrointestinal
surgery, ERCP is considered a contraindication, but
PTCD has no such limitation.
Intraductal RF via endoscopy has been used
in the treatment of SEMS obstruction because of
tumour ingrowth or overgrowth, which is a frequent
[19]
complication. Mukund et al
specifically used
intraductal RF to clear obstructed SEMSs. Both cases
had extensive disease and showed radiological and
biochemical evidence of improved drainage after
intraductal RF application. However, the number of
cases was too small to draw a definitive conclusion.
Complication rates with both approaches appear to be
comparable with those with the current standard ERC/
PTD insertion and stenting in patients with malignant
[20,21]
biliary disease
.

WJG|www.wjgnet.com

Research has indicated that RF technology has
potential clinical applications in treating stenosis of
the biliary tract, and endoscopic RFA treatment in
cases of malignant biliary obstruction and in-stent
restenosis has confirmed the efficacy and safety of
[22]
intraductal RF technology . Furthermore, in the
case of obstruction of a previously deployed metal
stent, which cannot be removed, this intraductal RF
approach can clear the occlusion and restore the biliary
flow without the insertion of a new stent inside the
obstructed stent, thereby saving the cost of a second
[23]
stent . Intraductal RF also has the advantageous
characteristics of being a repeatable procedure by
ERCP and PTCD. Moreover, for obstructive jaundice
with a history of gastrointestinal surgery, it is difficult to
[24]
reach the site of bile duct obstruction by endoscopy .
There were no major complications in our patients.
The RF catheter can be easily introduced to the
biliary tract and accurately positioned at the stricture
lesion. However, the dispute is that how to apply
intraductal RF for different stent locations (the hilum or
ampulla) and how to choose an appropriate approach
(percutaneous RFA or endoscopic RFA) to avoid injury
[21,25]
to the bile duct and surrounding structures
. More
clinical studies are required to guide clinical application.
The present study was a pilot feasibility study with
obvious limitations. The number of patients enrolled
was small. The follow-up duration may have been
inadequate to demonstrate the long-term efficacy of
this novel technique. Further studies are required to
confirm our results.

COMMENTS
COMMENTS
Background

The use of biliary self-expanding metallic stents is an effective method for
treating malignant biliary obstruction. There is a clinical need for an effective
method of re-opening biliary stents that accounts for the limitations of an
endoscope, particularly in cases involving hepatic hilar tumors or after
gastrointestinal operations. Therefore, our research group investigated the
treatment of biliary stent occlusion by percutaneous biliary radiofrequency
ablation (RFA).

Innovations and breakthroughs

To assess the feasibility and effectiveness of a novel application of
percutaneous RF for the treatment of biliary stents obstruction, the authors
specifically report a retrospective study presenting the results of percutaneous
intraductal RF in patients with biliary stent occlusion.

Applications

This preliminary clinical study demonstrated that percutaneous intraductal RF
is safe and effective for the treatment of biliary stent obstruction, increasing the
duration of stent patency, although randomized controlled trials are needed to
confirm the effectiveness of this approach.

Peer-review

In this manuscript, a total of 43 cases involving biliary obstruction caused by
biliary stent stenosis were treated by placing an EndoHPB catheter into the
stenosis and performing percutaneous transhepatic biliary RFA. The authors
found that percutaneous internal biliary RFA is safe and effective for the
treatment of biliary stent obstruction and increases the accumulation of stent
patency time, although randomized controlled trials are needed to confirm the
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effectiveness of this approach.
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Abstract
AIM
To determine whether hospital characteristics predict
cirrhosis mortality and how much variation in mortality
is attributable to hospital differences.

Institutional review board statement: The study employed
data from publicly available data sources and was therefore
exempt from Institutional Review Board approval at the
University of Michigan.

METHODS
We used data from the 2005-2011 Nationwide Inpatient
Sample and the American Hospital Association Annual
survey to identify hospitalizations for decompensated
cirrhosis and corresponding facility characteristics. We
created hospital-specific risk and reliability-adjusted
odds ratios for cirrhosis mortality, and evaluated patient
and facility differences based on hospital performance
quintiles. We used hierarchical regression models to
determine the effect of these factors on mortality.

Informed consent statement: Humans subjects were not
involved in this project and so informed consent was waived.
Conflict-of-interest statement: The authors have no conflicts
of interest to disclose.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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RESULTS
Seventy-two thousand seven hundred and thirty-three
cirrhosis admissions were evaluated in 805 hospitals.
Hospital mean cirrhosis annual case volume was 90.4
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variceal hemorrhage, hepatic encephalopathy, and
hepatocellular carcinoma - require significant inpatient
resources for appropriate and timely management to
[1]
ensure good clinical outcomes . Inpatient admissions
for cirrhosis represent a critical juncture in the con
tinuum of care of liver disease, because hospitals differ
in their ability to care for these patients. We have
previously demonstrated that hospitals differ 14-fold
[1]
in mortality rates for cirrhosis , but the mechanism
behind these differences is relatively unknown.
A major impediment to improving mortality in
cirrhosis is a lack of national-level clinical registry data,
which obligates providers to utilizing inferential studies
[1]
from a variety of data sources to change practices .
Conceptually, variation in cirrhosis mortality between
hospitals, using the Donabedian model of health care
quality, are attributable to differences in: (1) patient
characteristics and severity of disease; (2) the structure
of health care facilities; and (3) processes of cirrhosis
[1]
care . Two hospitals can only have different clinical
outcomes if they differ in these factors. Processes
of care are the way in which care is delivered in a
particular context and how prevailing structural re
sources are used for patients. These are of critical
importance, but cirrhosis quality measures are not
[1]
tracked nationally . However, facility resources
create the context for these processes, and are easily
measured. For inpatient cirrhosis care, these resources
include hospital bed capacity, staffing patterns of
physicians and nurses, teaching status, endoscopic
and imaging services, critical care and transplant
personnel, and other specialized services.
In this study, we aimed to further evaluate the
mechanism behind hospital variation in cirrhosis
mortality by evaluating structural differences while
controlling for patient differences. Specifically, we
aimed to identify specific factors that were different
between hospitals based on their risk-adjusted
performance, whether these factors were associated
with survival, and to what extent did they explain
variation in cirrhosis mortality across hospitals. This
approach would therefore allow us to “partition the
total variance” in cirrhosis outcomes among patient
differences, which are largely immutable, and
modifiable factors such as hospital resource intensity,
and, by exclusion, processes of care.

(range 25-828). Overall hospital cirrhosis mortality
rate was 8.00%. Hospital-adjusted odds ratios (aOR)
for mortality ranged from 0.48 to 1.89. Patient
characteristics varied significantly by hospital aOR for
mortality. Length of stay averaged 6.0 ± 1.6 days, and
varied significantly by hospital performance (P < 0.001).
Facility level predictors of risk-adjusted mortality were
higher Medicaid case-mix (OR = 1.00, P = 0.029)
and LPN staffing (OR = 1.02, P = 0.015). Higher
cirrhosis volume (OR = 0.99, P = 0.025) and liver
transplant program status (OR = 0.83, P = 0.026) were
significantly associated with survival. After adjusting for
patient differences, era, and clustering effects, 15.3%
of variation between hospitals was attributable to
differences in facility characteristics.
CONCLUSION
Hospital characteristics account for a significant
proportion of variation in cirrhosis mortality. These
findings have several implications for patients,
providers, and health care delivery in liver disease care
and inpatient health care design.
Key words: Cirrhosis; Mortality; Hospital variation;
Resource utilization; Quality; Outcomes
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cirrhosis mortality varies across hospitals,
but it is not well-understood what differences between
hospitals contribute to this variation. In our study,
using administrative data on cirrhosis discharges and a
national dataset on hospital structural characteristics,
we found that several hospital factors including payermix and staffing patterns were associated with riskadjusted mortality, but hospital experience with
cirrhosis and presence of a liver transplant program
were associated with survival. Structural factors are
vital components to cirrhosis care delivery, and account
for a significant proportion of the variation in cirrhosis
mortality observed between hospitals. Future research
should focus on other areas of variation, including
differences in processes of cirrhosis care.
Mathur AK, Chakrabarti AK, Mellinger JL, Volk ML, Day R,
Singer AL, Hewitt WR, Reddy KS, Moss AA. Hospital resource
intensity and cirrhosis mortality in United States. World J
Gastroenterol 2017; 23(10): 1857-1865 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i10/1857.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i10.1857

MATERIALS AND METHODS
Data sources

We captured admissions from the Nationwide Inpatient
Sample (NIS) from the years 2005-2011. The NIS is
the largest publicly available inpatient care database
in the United States. It is sponsored by the Agency
for Healthcare Research and Quality (AHRQ) through
the Healthcare Cost and Utilization Project (HCUP). It
contains clinical and resource utilization information
for over 7 million admissions per year from a stratified

INTRODUCTION
Cirrhosis is the final common pathway for chronic liver
disease, which predisposes patients to life-threatening
complications. These complications - including ascites,
spontaneous bacterial peritonitis, hepatic hydrothorax,
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sample of 20% of discharges from US acute care
hospitals. Facility characteristics were derived from
the American Hospital Association (AHA) Annual
Survey. This survey contains data on approximately
6500 hospitals nationwide with over 1000 elements
covering hospital facilities, services, organization, and
personnel. We merged NIS and AHA data using a
common hospital identifier for each cirrhosis admission
in each year.

covariates and key hospital characteristics varied
across quintiles. Hospital characteristics representing
several structural domains including organizational
structure, personnel, hospital facilities and services,
and financial performance were selected based on
[6]
previous literature and included liver transplant
program status, cirrhosis volume, the number of ICU
beds, teaching status (number of resident full-time
equivalents), and payer mix (the number of yearly
Medicaid days), clinical staffing (licensed practical
nurses (LPNs), and physicians per adjusted facility
patient days). These structural variables were based
on previous studies on the role of hospital structure
[6]
on clinical outcomes , but were further expanded to
include clinical resources specifically relevant to the
management of cirrhotic patients.
We designed the statistical models to conceptually
understand what factors account for differences in the
mortality rate (risk and reliability-adjusted) between
hospitals. Specifically, we assumed that variance in
mortality was attributable to (1) clinical differences
between patients; (2) hospital differences (further
delineated by differences in structural variables);
and (3) unmeasured factors (differences in unmea
sured processes of care, other factors, and random
error. We created a cumulative hierarchical logistic
regression model that added these structural variables
sequentially to calculate the fraction of inter-hospital
variance in adjusted mortality explained by each
structural variable. The baseline model adjusted for
clinical differences between patients, and we evaluated
the change in the calculated variance of the model
with the sequential addition of specific structural
characteristics. These were selected from the factors
significantly different across mortality quintiles on
univariate analysis. This approach assumed that
structural factors contribute to variation in mortality
between hospitals, and adjusting for them would
attenuate the measured variance, i.e., more of the
differences between hospitals would be explained by
the model as more significant structural factors were
included.
These data were publicly available administrative
data and were exempt from Institutional Review Board
approval at the University of Michigan. All statistical
analyses were performed using Stata 13 (Stata
Corp, College Station, TX, United States). Statistical
significance was considered at the P = 0.05 level.

Admission selection

We utilized admissions from NIS that contained an AHA
Annual Survey identifier and had corresponding data in
the AHA Survey. We captured cirrhotic admissions as
[1,2]
previously described . Briefly, we included admissions
with a primary or secondary diagnosis of cirrhosis
(alcoholic, non-alcoholic, or biliary) or a complication of
cirrhosis (ascites, hepatic encephalopathy, hepatorenal
syndrome, portal hypertension, or variceal bleed).
We excluded admissions to hospitals with a cirrhotic
volume less than 25 patients annually as well as
admissions missing data on sex, insurance type,
hospital bed size, or had inconsistent or undefined liver
[1,2]
transplant program status across the study period .

Statistical analysis

We first created a risk and reliability-adjusted logistic
regression model for mortality for any given hospital
compared to an average hospital. We did this by
first creating a hierarchical logistic regression model
where patient covariates and year of admission
were treated as fixed effects (level 1 variables)
and hospital (level 2 variables) was treated as a
random effect. Patient covariates included age, sex,
race/ethnicity, cause of cirrhosis including hepatitis
C virus positivity, alcoholic liver disease, or other,
and presence of cirrhotic complications including
ascites, variceal bleed, hepatic encephalopathy, portal
hypertension, hepatorenal syndrome, liver transplant,
hepatocellular carcinoma, requirement of paracentesis
or esophagogastroduodenoscopy. Further adjustment
for clinical co-morbidities was included in the model
using the all patient refined-diagnosed related group
[2,3]
(APR-DRG) risk of mortality .
Using this model, we then used the empirical Bayes
technique to estimate a risk and reliability adjusted
odds ratio for mortality via the random effects
[4,5]
estimate . Of note, this method is considered to be
a relatively conservative one, as it “shrinks” variation
towards the mean. This estimate incorporated the
above fixed effects for risk adjustment and the
hospital cirrhosis volume to adjust for reliability of the
mortality measurement. We then partitioned hospital
into quintiles based on the adjusted OR for mortality
(quintile 1 included highest performing hospitals
(lowest adjusted OR’s for mortality) and quintile 5
included lowest performing (highest adjusted OR’s for
mortality).
We subsequently examined whether patient

WJG|www.wjgnet.com

RESULTS
Figure 1 demonstrates the range of risk and reliabilityadjusted odds ratios (aOR) for in-hospital mortality,
or hospital performance in cirrhosis. The demographic
characteristics of the study cohort are included in Table
1 and stratified by aOR quintiles. The study cohort
included 72733 hospital admissions from 2005-2011
that were divided amongst 805 hospitals. 29.6% of
hospitalizations occurred in the lowest-mortality 20%
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Table 1 Patient and hospital characteristics by hospital performance quintile in risk and reliability-adjusted cirrhosis mortality

Patient characteristics
Patients
Demographics
Age
Mean age (yr)
Sex
Female (%)
Race
White (%)
Black (%)
Hispanic (%)
Asian or Pacific Islander (%)
Native American (%)
Other (%)
Missing (%)
Insurance
Medicare (%)
Medicaid (%)
Private Insurance (%)
Self-Pay (%)
No Charge (%)
Other (%)
Cause of cirrhosis1
Alcoholic liver disease (%)
Alcoholic cirrhosis (%)
Non-alcoholic cirrhosis (%)
Biliary cirrhosis (%)
HCV positive (%)
Unspecified liver disease or cirrhosis (%)
A1AT, Cu, Fe disease (%)
Complications of Cirrhosis
Ascites (%)
Variceal bleed (%)
Hepatic Encephalopathy (%)
Portal HTN (%)
Hepatorenal syndrome (%)
Hepatocellular carcinoma (%)
Procedures
Liver transplant
Esophagogastroduodenoscopy
Paracentesis
Mortality characteristics
APR-DRG Risk of Mortality
Minor risk of mortality (%)
Moderate risk of mortality (%)
Major risk of mortality (%)
Extreme risk of mortality (%)
Mortality
Expired during admission (%)
Hospital characteristic
Number of hospitals
Region
Northeast hospital region (%)
Midwest hospital region (%)
South hospital region (%)
West hospital region (%)
Bed capacity
Small bedsize (%)
Medium bedsize (%)
Large bedsize (%)
Hospital ICU beds (mean)
Patient casemix
Hospital Cirrhosis Annual Volume (mean)
Medicaid Days (mean)
Admission characteristics
Length of stay (days) (mean)

WJG|www.wjgnet.com

Q1 (highest
performance)

Q2

Q3

Q4

Q5 (lowest
performance)

Overall

P value

21524

11117

12427

12648

15017

72733

-

56.8

57.5

57.6

57.3

57.4

57.2

< 0.00001

36.4

36.7

35.9

35.0

35.3

35.9

0.01381

59.9
5.8
15.2
1.6
1.6
1.6
14.4

55.6
7.7
20.2
1.8
0.5
2.0
12.1

54.8
5.6
21.5
2.3
0.8
2.6
12.4

51.7
5.7
17.4
1.3
1.1
3.3
19.6

52.6
9.0
20.3
2.2
0.9
3.1
12.0

55.4
6.7
18.5
1.8
1.1
2.4
14.1

< 0.00001

36.1
22.9
27.4
7.5
1.0
5.0

37.2
24.5
26.5
7.4
0.4
4.0

38.0
24.8
25.2
7.3
0.6
4.0

36.9
23.8
25.3
8.4
0.5
5.0

37.3
26.5
22.5
7.8
1.5
4.3

37.0
24.4
25.5
7.7
0.9
4.6

< 0.00001

61.0
60.9
38.0
2.3
25.3
2.7
0.89

62.5
62.4
36.9
1.5
23.0
2.0
0.65

61.0
60.9
38.0
2.0
22.1
2.0
0.64

60.8
60.6
38.6
1.7
25.1
2.0
0.74

60.3
60.2
39.0
1.6
26.4
1.8
0.68

61.1
60.9
38.1
1.9
24.6
2.2
0.74

0.00880
0.00589
0.00762
< 0.00001
< 0.00001
< 0.00001
0.04067

31.8
9.6
53.7
44.3
9.3
3.9

27.5
10.3
55.2
41.1
7.8
2.7

30.2
9.6
52.5
44.9
8.2
3.1

30.3
9.3
54.1
42.7
8.3
3.1

26.9
9.4
55.7
41.5
8.9
3.2

29.6
9.6
54.2
43.0
8.6
3.3

< 0.00001
0.05605
< 0.00001
< 0.00001
0.00003
< 0.00001

2.7
18.1
32.9

0.6
19.0
29.7

1.0
20.4
30.0

1.1
19.3
29.7

2.4
18.3
29.2

1.7
18.9
30.6

< 0.00001
< 0.00001
< 0.00001

5.9
31.3
41.0
21.8

7.8
34.1
39.4
18.7

6.8
34.4
39.4
19.4

6.5
33.2
39.5
20.7

9.1
34.0
37.0
19.9

7.1
33.2
39.4
20.3

< 0.00001

5.1

6.0

7.5

9.8

12.3

7.9

< 0.00001

161

161

161

161

161

805

-

19.3
18.6
29.2
32.9

25.5
13.7
32.3
28.6

27.3
17.4
19.9
35.4

24.8
13.0
29.2
32.9

34.2
9.3
26.7
29.8

26.2
14.4
27.5
31.9

0.06961

23.0
37.9
39.1
24.3

41.0
31.7
27.3
19.1

36.6
32.9
30.4
20.1

33.5
34.2
32.3
19.9

32.3
29.8
37.9
20.8

33.3
33.3
33.4
20.8

0.05554

133.7
18139

69.0
15339

77.2
18158

78.6
18699

93.3
22662

90.4
18599

5.9

5.7

5.9

6.2

6.4

6.0

1860

0.04608
< 0.00001
0.18260
0.00019
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Total charges ($ mean)2
Expired during admission (%)
Staffing characteristics
Full-time LPN’s3 (mean)
Full-time MD’s3 (mean)
Teaching Status
Teaching hospital4 (%)
Resident FTE’s (mean)
Specialty Services
Liver transplant hospital (%)

43391
4.0

36593
5.3

40500
7.3

43389
10.1

1.65
2.74

2.18
2.02

2.18
2.55

1.94
1.88

42.9
79.2

32.9
40.7

38.5
57.7

39.8
59.0

15.5

5.0

5.0

5.6

40340
13.2

40877
8.0

0.19458
< 0.00001

2.34
1.8

2.06
2.2

0.03218
0.27122

41.6
65.7

39.1
60.5

0.40386
0.33158

4.3

7.1

0.00020

1

Patients have multiple diagnoses; 219 hospitals missing total charge data on 1751 patients; 3per 10000 Adjusted Patient days; 443 hospitals that changed
teaching status during the study period were considered teaching if 50% or more of patients were admitted while a teaching hospital.

bution when distributed across mortality quintiles the highest and lowest performing quintiles had an
average of 20.8%-73.2% more cirrhosis admissions
compared to the average performing hospitals (Table
1). The lowest quintile had nearly 25% greater
Medicaid case-mix than the other groups. There
were no significant differences in total bed capacity,
but ICU bed capacity was roughly 20% larger in the
highest quintile compared to the other groups. Staffing
patterns were significantly different as well. Nurse
staffing with LPNs was 40% greater in low performing
hospitals compared to the highest quintile, however
physician staffing was similar. 15.5% of the highest
performing hospitals were liver transplant centers,
which was three-fold greater than average or low
performing hospitals. While not statistically significant,
the geographic make-up of each performance quintile
was also asymmetric. The highest performing group
had more Western and Midwestern hospitals, and less
Northeastern and Southern hospitals. This distribution
was reversed in the lowest performing group Northeastern hospitals made up more than 34% of
this group.
In a multivariable risk-adjusted model evaluating
predictors of cirrhosis mortality, both patient and
facility factors were significant (Table 2). At the
patient level, individual cirrhosis complications and
co-morbidities were significant predictors of mortality
- clinical presentation of hemorrhage, documented
portal hypertension, hepatitis C status, alcoholic liver
disease, and APR-DRG risk score were significant
predictors of mortality (all, P ≤ 0.005). Invasive
diagnostic and therapeutic procedures including
endoscopy, paracentesis, and liver transplantation
were significantly protective (all, P < 0.01). There was
also a significant era effect, as each successive year
was independently associated with lower mortality
(all, P < 0.001). At the facility level, each additional
cirrhosis admission was associated with 0.05% lower
odds of mortality. Liver transplant centers had 17%
lower odds of mortality non-transplant facilities across
all cirrhosis admissions. Medicaid payer-mix and more
LPN nurse staffing were also associated with higher
mortality.
To better understand the magnitude of betweenhospital variation in cirrhosis mortality further, we

Adjusted hospital OR

2.0

1.5

1.0

0.5
Hospital

Figure 1 Variation in risk and reliability-adjusted mortality for cirrhosis
admissions. The 805 hospitals in the analysis demonstrated tremendously
variable mortality risk, even after risk adjusting for clinical and demographic
differences between patients and accounting for differences in the reliability
of the estimate for a given hospital, which is driven by institutional cirrhosis
volume. Cirrhosis mortality odds ratios ranged from nearly 50% lower than the
average hospital to 200% higher for some hospitals.

of hospitals, and 20.6% of hospitalizations occurred
in the highest-mortality 20%. Patient demographic
distributions varied significantly across quintiles,
including age, sex, race, and payer mix. The mean
age of the cohort was 57.2 years and was nearly
65% male. White patients had a higher proportion
of admissions in the lowest-mortality hospitals, and
minority race patients had higher relative proportions
in the highest-mortality hospitals. Insurance status also
varied significantly - the lowest performing hospitals
had the highest relative proportions of governmentpaid admissions and the lowest proportions of privately
insured patients. Differences in causes of cirrhosis
were statistically significant, but absolute differences
were quite small from a clinical standpoint. From a
case mix perspective, the lowest performing hospitals
had a greater proportion of the relatively lower risk
patients (APR-DRG minor and moderate), whereas the
highest performing hospitals had a greater proportion
of the highest mortality risk patients (APR-DRG major
and extreme). Within quintiles, the mean crude
mortality rate ranged from 5.1%-12.3%.
Facility characteristics differed by hospital per
formance quintile in cirrhosis on univariate analysis
(Table 1). Cirrhosis volume had a U-shaped distri
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Table 2 Risk-adjusted effects of patient factors, era, and hospital resources on in-patient cirrhosis mortality
Characteristic
Patient covariates
Age
Female
Ascites
Variceal hemorrhage
Hepatic encephalopathy
Portal hypertension
Hepatorenal syndrome
Received liver transplant
HCV positive
Alcoholic liver disease
Paracentesis during admission
EGD during admission
Co-morbidity burden (APR DRG risk of mortality)
Minor
Moderate
Major
Extreme
Era (year of admission)
2005
2006
2007
2008
2009
2010
2011
Hospital resources (hospital structural factors)
Hospital cirrhosis volume
Hospital medicaid days
Hospital liver transplant program
Full-time LPN’s
Full-time MD’s
Resident FTE’s
ICU beds

OR

95%CI

P value

1.00
1.05
1.79
1.26
0.63
1.16
0.20
0.83
1.43
1.23
0.76
0.81

0.97-1.01
0.93-1.06
0.96-1.15
1.64-1.95
1.18-1.34
0.59-0.68
1.07-1.25
0.15-0.26
1.33-1.54
1.33-1.54
0.71-0.82
0.75-0.88

0.592
0.753
0.262
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.006
< 0.001

Reference
1.54
6.02
58.8

1.14-2.07
4.55-7.96
44.5-77.8

0.005
< 0.001
< 0.001

Reference
0.89
0.79
0.75
0.68
0.51
0.49

0.79-1.00
0.70-0.89
0.66-0.85
0.60-0.78
0.56-0.59
0.42-0.56

0.053
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.01
1.01
0.83
1.02
0.99
1.00
1.00

1.00-1.01
1.00-1.01
0.71-0.98
1.00-1.04
0.98-1.00
1.00-1.00
1.00-1.00

0.025
0.029
0.026
0.015
0.140
0.115
0.446

evaluated how individual facility characteristics
cumulatively affected measured mortality (Figure 2).
With the cumulative effect of all structural variables
added into the model, overall, 15.3% of the total
variation is related to these parameters. The remaining
variation remains unmeasured.

Absolute reduction in inter-hospital
variation in mortality

5.0
4.5

4.5%

4.4%

4.0
3.5
3.0
2.5
2.0
1.5

2.3%
1.6%

1.0

Recent data suggest that cirrhosis mortality differs
widely across hospitals in the United States. This
alarming phenomenon naturally lends itself to
questions about what factors within hospitals con
tribute to this variation. For decades, variation in
health care quality has been tied, in part, to differences
[7]
in structure responsible for health care delivery .
In this analysis, we sought to better understand to
what extent hospital facility characteristics affect the
outcomes of patients admitted with cirrhosis to United
States hospitals. Our study demonstrates that several
hospital structural domains - case mix, payer mix,
staffing patterns, and the presence of specialty liver
transplant service line - are predictors of inpatient
cirrhosis outcomes, account for a sizable fraction (15%)
of the overall variation in mortality.

0.7%

0.5
0.0

DISCUSSION

1.5%

0.2%
Hospital Medicaid Full- Hospital Fullcirrhosis days
liver
time
time
volume
LPN* transplant MD*
program

Resident
FTEs

ICU
beds

Structural variable

Figure 2 Inter-hospital variation in cirrhosis mortality explained by
individual facility characteristics. Across the 72733 cirrhosis admissions in
805 hospitals, the regression model including clinical risk adjustors, era effects,
and facility characteristics explained approximately 15.3% of the total variation
in cirrhosis mortality between hospitals. This figure demonstrates the specific
hospital factors that additively accounted for this measured variation. Annual
cirrhosis volume, case mix, nurse staffing, liver transplant services, and other
facility characteristics accounted for this variation, but it is notable that the
majority of variation between hospitals remains unexplained.
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Recent data have demonstrated that cirrhosis
mortality for hospitalized patients has improved over
[8,9]
time , which we also observed in our analysis. While
inpatient care in cirrhosis seems to be improving
over time overall, nearly 40% of patients with lifethreatening cirrhotic complications were admitted
to hospitals with higher than expected risk-adjusted
mortality rates. Even after adjusting for this era effect,
our findings add to a growing body of work that show
the importance of specific hospital resources in the
care of patients with liver disease, surgical diseases,
[6,9-20]
and malignancy
. Hospitals with higher than
expected risk-adjusted cirrhosis mortality have less
resources than those performing better. Resource
intensity remains a predictor of survival which is likely
driven by the development of care processes based on
the local care environment within hospitals.
The specific hospital resources associated with
cirrhosis mortality were interesting and speak to a
structural footprint for quality cirrhosis care. High
cirrhosis volume was significant, and the volumeoutcome relationship has long been established in
[15,21,22]
the health services research literature
. In the
current study, higher Medicaid payer-mix and higher
utilization of LPNs (vs RNs) were responsible for a
significant portion of the total variation attributable
to structural differences. These metrics may be
proxies for financial difficulties in resource-strapped
facilities that may not have services available that
complicated cirrhosis patients require. The presence of
a liver transplant program was significant in reducing
mortality, but establishing these programs may be
a significant hurdle for hospitals and may not be
warranted based on current estimates of liver disease
mortality nationally. Interestingly, ICU bed capacity,
teaching status, and physician staffing were important
but not as relevant as the aforementioned factors.
This may be related to the near ubiquity of these re
sources across the population of hospitals in this study.
From a clinical perspective, providers understand
the ideal structural footprint of a hospital managing
advanced cirrhosis- multi-specialty physician staffing,
quality nursing, intensive care beds, radiological and
endoscopy capacity, and many other services. This
notion and some of the findings of this study naturally
imply that further capital investments by hospitals may
improve clinical outcomes in cirrhosis.
However, boosting resource intensity everywhere
is neither the entire solution nor is it financially
[16,17,23]
realistic
. The residual variation in cirrhosis
mortality across hospitals remained vast even after
accounting for structural differences, implying that
unmeasured sources of variation likely account for
major differences in clinical performance. By exclusion,
based on our conceptual model, this residual variation
can be attributable to processes of care and random
error. Processes of cirrhosis care were not directly
[16,18,19]
evaluated in this study. Kanwal et al
have
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outlined usable process of care measures for cirrhosis,
but there neither is a national impetus to adopt
these, nor is there a platform to track this data on a
population level. Based on our findings, it is possible
that differences in adherence to quality practices could
account for a significant degree of variation. However,
since nearly 85% of the variation was attributable to
processes of care, care innovation in average and low
performing hospitals may demonstrate immediate
benefits. Recent initiatives to develop cirrhosis quality
improvement programs by the sharing of regional
or national data between hospitals holds significant
promise, particularly for hospitals with higher than
expected mortality.
These findings also have implications for developing
care processes beyond the local hospital environment.
The hospital characteristic that had the largest effect
size in favor of survival was the presence of a liver
transplant program. In fact, the beneficial effect of
a liver transplant program was observed in nontransplant cases within that facility. In the interest of
population health management, our findings imply that
liver transplant programs should partner with providers
in resource-poor institutions in order to improve care.
The development of robust care networks between
hospitals may, for example, help expedite transfers
of critically ill patients who require liver transplant
evaluation, optimize care for those patients who
may not be liver transplant candidates, and improve
quality of care in cirrhosis in general. There are
obvious incentives for creating these networks for
both resource-intense and resource-poor institutions,
and has been alluded to in centralizing care for other
[24-26]
conditions including cancer
.
Based on our study, resource intensity seems to be
responsible for some of this variation, but the totality
of differences between hospitals was not completely
adjusted for in the analysis. The limitations of this
study are related to the inherent nature of the data
source - administrative hospital discharge data which do not adequately capture hospital-specific
processes of care in cirrhosis, which are poorly defined
[16,18,19]
in general
. Unmeasured structural variables,
unmeasured processes of care, and unmeasured
clinical granularity at the patient level may have
affected the estimate of mortality risk during a given
cirrhosis hospitalization, and so these results have to
considered in that context. The statistical approach
and study design cannot be used to determine cau
sality, and population-based conclusions can lead to
incorrect inferences when applied to individual patient
treatments.
Given these limitations, the contribution of resource
intensity to hospital variation in cirrhosis mortality is
an important consideration for patients, providers,
and payers despite secular improvements in inpatient
mortality in general. Quality improvement within
hospitals and collaboration between centers hold the
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most promise to address these differences over time.
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Abstract
AIM
To analyze mortality associated with hepatitis C virus
(HCV) and hepatitis B virus (HBV) infection in Italy.

Informed consent statement: Since analyses were carried
out on retrospective, routinely collected aggregated data, the
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METHODS
Death certificates mentioning either HBV or HCV
infection were retrieved from the Italian National Cause
of Death Register for the years 2011-2013. Mortality
rates and proportional mortality (percentage of
deaths with mention of HCV/HBV among all registered
deaths) were computed by gender and age class. The
geographical variability in HCV-related mortality rates
was investigated by directly age-standardized rates
(European standard population). Proportional mortality
for HCV and HBV among subjects aged 20-59 years
was assessed in the native population and in different
immigrant groups.
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RESULTS
HCV infection was mentioned in 1.6% (n = 27730) and
HBV infection in 0.2% (n = 3838) of all deaths among
subjects aged ≥ 20 years. Mortality rates associated
with HCV infection increased exponentially with age
in both genders, with a male to female ratio close to
unity among the elderly; a further peak was observed
in the 50-54 year age group especially among male
subjects. HCV-related mortality rates were higher
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increase with age in subjects born before 1950, and
a marked geographical trend with higher rates in
[2]
Southern compared to Northern regions .
The available data suggest unique features in the
epidemiology of HCV infection in Italy with at least
two different epidemic waves experienced during the
past century. The first wave, which likely peaked in the
1950s and 1960s, mostly affected people born during
the 1920s to 1930s and was probably associated with
the widespread use of minor invasive procedures
performed with improperly sterilized, non-disposable
instruments. The second wave affected young adults in
the 1970s and 1980s who suffered the largest impact
[4,5]
of intravenous drug use-related HCV infections .
The vanishing effect of the first epidemic may have
a profound impact on the burden of liver disease in
[5]
Italy : HCV infection might be considered mostly a
feature of elderly subjects, and the mortality of HCVrelated liver cancer is expected to decline in the years
to come, which is line with the current observable
[6]
trend .
The epidemiology of HBV has shown a progressive
reduction in the endemicity levels with less than 1%
of subjects in the overall population currently being
[7]
HBsAg positive . Similar to HCV, the burden of HBV
infection could further decline given that the overall
vaccination coverage rate is approximately 95% and
nearly all Italian individuals under 35 years have now
[7]
been vaccinated against HBV .
However, such favorable trends observed in more
recent years could be impaired by the increasing
number of immigrants living in Italy not vaccinated
[7]
against HBV , and by a rising burden of HCVassociated disease with ageing of the cohort affected
by the more recent HCV epidemic. In Italy, HBV and
HCV testing has been so far carried out for high-risk
or convenience groups (including intravenous drug
users, blood donors, pregnant women, hospitalized
patients), whereas there have not been national or
regional testing strategies at the population level.
Current population-based epidemiological figures on
virus-related chronic liver disease in Italy are based
mainly on local studies, whereas nationwide data
are lacking. The aim of this study was to assess the
burden and variability of mortality associated with HBV
and HCV infection by analyzing the data obtained by
the national database of causes of death.

in Southern Italy among elderly people (45/100000
in subjects aged 60-79 and 125/100000 in subjects
aged ≥ 80 years), and in North-Western Italy among
middle-aged subjects (9/100000 in the 40-59 year
age group). Proportional mortality was higher among
Italian citizens and North African immigrants for HCV,
and among Sub-Saharan African and Asian immigrants
for HBV.
CONCLUSION
Population ageing, immigration, and new therapeutic
approaches are shaping the epidemiology of virusrelated chronic liver disease. In spite of limits due to
the incomplete reporting and misclassification of the
etiology of liver disease, mortality data represent an
additional source of information for surveillance.
Key words: Hepatitis C virus; Hepatitis B virus; Mortality;
Epidemiology; Immigrants
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Multiple causes of death analyses carried out
on the Italian National Cause of Death Register showed
that 1.6% and 0.2% of all deaths in 2011-2013 were
associated with hepatitis C virus (HCV) and hepatitis
B virus (HBV) infection, respectively. HCV-associated
mortality followed a bimodal distribution, increasing
exponentially among the elderly in both genders, with a
minor peak in middle-aged subjects, especially among
males. The proportion of viral hepatitis-related deaths
was higher among Italian citizens and North African
immigrants for HCV, and among Sub-Saharan African
and Asian immigrants for HBV.
Fedeli U, Grande E, Grippo F, Frova L. Mortality associated with
hepatitis C and hepatitis B virus infection: A nationwide study
on multiple causes of death data. World J Gastroenterol 2017;
23(10): 1866-1871 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1866.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1866

INTRODUCTION
Viral hepatitis is one of the leading causes of death and
disability worldwide, with a greater burden of disease
associated with hepatitis C virus (HCV) infection in
Europe, the Middle East, the Americas and NorthAfrica, and with hepatitis B virus (HBV) infection in
[1]
sub-Saharan Africa and most of Asia .
Within Europe, Italy is affected by the highest
prevalence of HCV infection, as well as by high rates
[2]
of liver cancer mortality . According to a recent
systematic review, the prevalence of anti-HCV
antibodies in other European countries ranges from
0.1% to 3.2%, whereas it has been estimated to
[3]
be 5.9% in Italy . HCV prevalence shows a steep

WJG|www.wjgnet.com

MATERIALS AND METHODS
All analyses were carried out on the Italian National
Cause of Death Register, managed by the Italian
National Institute of Statistics (ISTAT). Data are based
on the information reported on death certificates;
all the diseases mentioned in the certificate are
coded according to the International Classification of
th
Diseases, 10 Edition (ICD-10 2009 version). Standard
mortality statistics are usually based on internationally
adopted algorithms that identify a single underlying
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non-Italian countries of citizenship were grouped by
area of provenance on the basis of macro-geographical
regions and sub-regions: North Africa, Sub-Saharan
Africa, South Asia (Indian subcontinent), other Asian
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developed countries. Furthermore, analyses were
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deaths with mention of HCV or HBV infection, the
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broad nosological sectors: viral hepatitis, liver cancer,
and chronic liver diseases (ICD-10 B15-B19, C22,
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Figure 1 Mortality associated with hepatitis C virus and hepatitis B virus
infection: Age and gender-specific mortality rates, Italy 2011-2013. HBV:
Hepatitis B virus; HCV: Hepatitis C virus.
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RESULTS
Out of 1787434 deaths of subjects aged ≥ 20 years
in the causes of death registry, HCV infection was
mentioned in 1.6% (n = 27730) and HBV infection
in 0.2% (n = 3838). These two groups included 647
decedents presenting with HBV-HCV co-infection.
Figure 1 shows that the mortality rate associated with
HCV infection increased exponentially with age in both
genders, and among the elderly, the male to female
ratio was close to unity. A further peak was observed
in the 50-54-year age-group, especially among males,
with a male to female ratio equal to 5.3. Mortality
rates associated with HBV infection increased slowly
with age and were always higher in the male gender.
Proportional mortality figures (Figure 2) confirmed
the bimodal distribution of HCV-related deaths. The
selected UCOD was a liver disease (cirrhosis, liver
cancer, viral hepatitis) in the majority of deaths with
mention of HCV or HBV infection. This was observed
especially in subjects aged 50-79 years (Figure 3).
Among younger decedents a large proportion was
represented by AIDS, whereas among the very elderly
the UCOD was more evenly distributed across different
nosological sectors.
The overall age-standardized HCV-related mortality
rate was higher in Southern Italy (Table 1). However,
the findings were observed to vary depending on
the age class. The peak in mortality among people
aged ≥ 60 years was higher in Southern Italy,
whereas mortality rates in the 40-59-year age band,
corresponding to the lower peak registered among
middle-aged subjects, was more pronounced in the
North-Western and Central regions of the country.
In analyses restricted to the 20-59-year band,
HCV infection was mentioned in 4092 Italian and
120 immigrant decedents, and HBV infection in 757
Italian and 78 immigrant decedents; information
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Figure 2 Mortality associated with hepatitis C virus and hepatitis B virus
infection: Age and gender-specific proportional mortality, Italy 2011-2013.
HBV: Hepatitis B virus; HCV: Hepatitis C virus.

cause of death (UCOD) from all the conditions reported
in the certificate. Analyses based on any mention of a
disease irrespective of its selection as the UCOD, the
so-called multiple causes of death approach (MCOD),
can more fully describe the burden of mortality
[8]
associated with chronic diseases .
All deaths from January 1, 2011 to December
31, 2013 of subjects resident in Italy and aged ≥ 20
years with any mention in the death certificate of HCV
(ICD-10 codes B17.1, B18.2) or HBV infection (ICD-10
B16.0-B16.9, B17.0, B18.0, B18.1) were extracted.
Age and gender-specific mortality rates were computed
for the whole nation as well as by area of residence
(North-West, North-East, Centre, South, Islands).
The geographical variability in HCV-related mortality
rates was summarized by directly age-standardized
rates (European standard population) both for the
whole population aged ≥ 20 years, and for broad
age classes. Proportional mortality was defined as
the percentage of deaths with any mention of HCV or
HBV out of all registered deaths, and was computed
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Table 1 Mortality associated with hepatitis C virus infection
across Italian areas: age-standardized mortality rates per
100000 (European standard population), 2011-2013
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on citizenship was missing for 8 and 6 subjects with
HCV and HBV infection, respectively. In spite of low
numbers among immigrants, Figure 4 shows that
proportional mortality for HCV infection was higher
among Italian citizens and immigrants from North
Africa. In the case of HBV infection, the proportional
mortality was higher among immigrants from SubSaharan Africa and Asian countries.
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Figure 4 Mortality associated with hepatitis C virus and hepatitis B
virus infection by country of citizenship: Proportional mortality among
decedents aged 20-59 years, Italy 2011-2013. HBV: Hepatitis B virus; HCV:
Hepatitis C virus.

DISCUSSION
Analyses of death certificates are known to be affected
by incomplete reporting and misclassification of the
etiology of liver diseases, leading to an underestimation
of the true mortality burden associated with chronic
[10]
viral infection . The physicians filling in death
certificates may be unaware of HCV or HBV infection
in the patient or may not consider that the disease
contributed to the death. Furthermore, among el
derly patients affected by multiple comorbidities,
there may be no simple etiologic chain leading to the
identification of a single underlying cause; especially
in the contest of ageing populations like in Italy, death
often results from a complex interaction between
multiple factors. As a consequence, instead of relying
only on the underlying cause of death, the MCOD
approach allows a more complete identification of
the burden of mortality attributable to viral hepatitis
infection. The MCOD methodology has been applied
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in the United States to monitor time trends in HCV[10,11]
related mortality
, and to assess the burden of
HCV-related deaths in high-risk populations such as
[12]
prison inmates . In Italy, MCOD analyses of virusrelated liver diseases have been carried out only at
[13]
the regional level . This first nationwide report allows
for the investigation of variations in mortality by age,
gender, area of residence, and immigrant status,
thereby providing a raw but comprehensive picture
of the contemporary burden of HCV and HBV-related
mortality in Italy.
Repeated surveys carried out in a small town in
Southern Italy suggest a decreasing prevalence of
HCV infection, being mostly confined to the oldest
[14]
age groups . Moreover, clinical studies found that,
although HCV infection still represents the main
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etiology for chronic liver disease in Italy, its role is
[15,16]
declining in more recent years
. The present
data suggest that the current burden of HCV-related
disease among elderly Italians is still large, especially
in Southern regions. These figures must be interpreted
within the frame of the recent availability of safe
and effective drugs that will change the approach to
the aged HCV patient, with an increasing number of
[17]
treatment candidates . Furthermore, mortality data
confirm the presence of two distinct epidemic waves
that have partly been associated with different HCV
[18]
subtypes . A bimodal distribution of HCV infection has
been previously reported by seroprevalence surveys
[19]
conducted both in Northern
as well as in Southern
[20]
Italy , and by analyses of the mention of HCV
infection in records from a sample of Italian general
[21]
practitioners . The peak in middle-aged subjects is
most likely associated with intravenous drug abuse as
well as with other risk factors (including tattoos and
[19]
piercing) typical of younger generations . Such a
peak is well-recognizable from mortality rates at least
in the male gender, and must strictly be monitored
in the future: HCV-related liver disease progresses
faster with aging, extra-hepatic manifestations of HCV
infection are probably worse in the elderly, and the
[17]
risk of hepatocellular carcinoma increases with age .
In the United States, where HCV infection is mostly
restricted to the 1945-1965 birth cohort, HCV-related
mortality assessed with the MCOD methodology
[10]
is steeply increasing . The HCV-related mortality
wave is rapidly rising in the United States as the age
[22]
of the affected birth cohort is increasing ; a similar
unfavorable trend could be observed in Italy in the
near future. Furthermore, mortality data suggest that
the geographical variation in the burden of HCV differs
across age groups, with higher rates observed among
middle-aged subjects residing in Northern and Central
Italy with respect to the Southern regions.
Mortality among immigrants mirrors the available
data on the global epidemiology of viral hepatitis.
Estimates for the prevalence of HCV infection
range from < 1.0% in Northern Europe to > 2.9%
in Northern Africa, with the highest prevalence
[23]
(15%-20%) reported from Egypt . Similar to Italy,
other countries with high HCV prevalence suffered
from iatrogenic spread around the middle of the
past century. In Egypt, this was due to parenteral
[24]
antischistosomal therapy through 1961-1986 ; mass
trypanosomiasis therapy before 1951 in the Central
Africa Republic, and intravenous treatment with
antimalarial drugs and other medical interventions
in Cameroon, also caused iatrogenic transmission of
[25]
HCV . Data on HBV-related mortality are consistent
with the rates that have been reported from the
countries of origin and with previous studies on
immigrants in Italy. Among undocumented immigrants
in a city in Northern Italy, 6% tested positive for
HBsAg; the only independent predictor was the
prevalence of HBV infection in the area of provenance,
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with higher rates for subjects from Sub-Saharan
[26]
Africa and Asia . The present mortality analysis was
carried out on legal residents with foreign citizenship,
representing about 5000000 subjects (8.3% of all
residents in Italy, 10.9% in the 20-59-year age band),
and was not restricted to selected high-risk groups
like undocumented immigrants or asylum seekers. All
of the above evidence should guide a re-appraisal of
strategies tailored according to the area of provenance
for screening, HBV vaccination, HBV and HCV infection
treatment of the immigrant population.
In conclusion, population ageing, an increase in the
number of immigrants from countries with high HBV
and HCV prevalence, and changes in the therapeutic
approaches are re-shaping the epidemiology of virusrelated chronic liver disease. MCOD data are a useful
tool among the multiple information sources needed to
monitor this rapidly evolving scenario.
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carcinoma registered within the Surveillance, Epide
miology and End Results (SEER) database.
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METHODS
SEER database (2010-2013) has been queried through
SEER*Stat program to determine the presentation,
treatment outcomes and prognostic outcomes of
metastatic pancreatic adenocarcinoma according to the
site of metastasis. In this study, metastatic pancreatic
adenocarcinoma patients were classified according to the
site of metastases (liver, lung, bone, brain and distant
lymph nodes). We utilized chi-square test to compare
the clinicopathological characteristics among different
sites of metastases. We used Kaplan-Meier analysis and
log-rank testing for survival comparisons. We employed
Cox proportional model to perform multivariate analyses
of the patient population; and accordingly hazard ratios
with corresponding 95%CI were generated. Statistical
significance was considered if a two-tailed P value < 0.05
was achieved.

INTRODUCTION
Pancreatic cancer is a global health burden with a poor
prognosis and a difficult to treat biology in the majority
[1]
of cases . Histologically, pancreatic adenocarcinoma
represents the majority of pancreatic cancer cases;
[2]
and unfortunately the worst prognosis .
Treatment decisions for pancreatic adenocarcinoma
differ according to patient- and disease-related fac
tors. For fit patients with localized disease, surgical
resection should always be considered, to be followed
[3]
by or preceded by systemic chemotherapy ; while for
locally advanced disease, personalized multimodality
[4]
treatment strategies may be proposed . For patients
with metastatic disease, the primary treatment
is systemic therapy (which may include systemic
[5]
chemotherapy and more recently targeted therapy) .
Unfortunately, population-based studies in many
parts of the world have shown a limited improvement
in survival for non metastatic pancreatic cancer
[6]
patients over years . The situation is even worse for
[7]
advanced stages of the disease ; and this calls for
reconsideration of the current therapeutic strategies
for this disease.
In the setting of metastatic pancreatic adenocar
cinoma, liver is the most common site of metastasis.
However, some cases may experience a change of the
metastatic pattern and involve other distant organs
without involving the liver. These cases may represent
a different subset of patients with different biology
and prognosis and subsequently different therapeutic
[8-10]
approach
.
Population-based data on the prognostic value of
site-specific metastases for pancreatic adenocarcinoma
are lacking. And thus, the objective of this study is
to review the presentation and treatment trends of
metastatic pancreatic cancer patients registered within
the surveillance epidemiology and end results (SEER)
database with a particular focus on the prognostic
value of different sites of metastases.

RESULTS
A total of 13233 patients with stage Ⅳ pancreatic cancer
and known sites of distant metastases were identified in
the period from 2010-2013 and they were included into
the current analysis. Patients with isolated distant nodal
involvement or lung metastases have better overall and
pancreatic cancer-specific survival compared to patients
with isolated liver metastases (for overall survival: lung
vs liver metastases: P < 0.0001; distant nodal vs liver
metastases: P < 0.0001) (for pancreatic cancer-specific
survival: lung vs liver metastases: P < 0.0001; distant
nodal vs liver metastases: P < 0.0001). Multivariate
analysis revealed that age < 65 years, white race, being
married, female gender; surgery to the primary tumor
and surgery to the metastatic disease were associated
with better overall survival and pancreatic cancer-specific
survival.
CONCLUSION
Pancreatic adenocarcinoma patients with isolated liver
metastases have worse outcomes compared to patients
with isolated lung or distant nodal metastases. Further
research is needed to identify the highly selected subset
of patients who may benefit from local treatment of the
primary tumor and/or metastatic disease.
Key words: Pancreatic cancer; liver metastases; lung
metastases; bone metastases; Surveillance Epidemiology
and End Results database
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic adenocarcinoma patients with
isolated liver metastases have worse outcomes
compared to patients with isolated lung or distant nodal
metastases. Further research is needed to identify the
highly selected subset of patients who may benefit
from local treatment of the primary tumor and/or
metastatic disease.
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MATERIALS AND METHODS
This study was based on the publicly available
SEER-18 registry of the United States national cancer
[11]
institute . We retrieved data using the SEER*Stat
software Version 8.3.2. Because this study is based on
a publicly available database, it was exempted from
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In this study, metastatic pancreatic adenocarcinoma
patients were classified according to the site of
metastases (liver, lung, bone, brain and distant lymph
nodes). We utilized chi-square test to compare the
clinicopathological characteristics among different sites
of metastases. We used Kaplan-Meier analysis and logrank testing for survival comparisons.
We employed Cox proportional model to perform
multivariate analyses of the patient population; and
accordingly hazard ratios with corresponding 95%CI
were generated. Statistical significance was considered
if a two-tailed p value < 0.05 was achieved. All of
the statistical analyses were performed using SPSS
Statistics 20.0 (IBM, NY, United States).
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Patients' characteristics

A total of 13233 patients with stage Ⅳ pancreatic
cancer at the time of initial diagnosis and known sites
of distant metastases were identified in the period
from 2010-2013 and they were included into the
current study. Table 1 summarizes the distribution
of different metastatic sites for all included patients.
10088 (76%) patients were diagnosed with liver
metastases, 2638 (19.9%) patients were diagnosed
with lung metastases, and 910 (6.8%) patients were
diagnosed with bone metastases, 90 (0.6%) patients
were diagnosed with brain metastases, 1246 (9.4%)
patients were diagnosed with distant (non regional)
lymph nodes. 8786 (66.3%) patients have a single
organ site of metastases while 4447 patients (33.7%)
patients have multi-organ metastases. Statistically
significant correlations between different baseline
characteristics and different sites of metastases are
shown in Table 1.
Surgical resection of the primary tumor was
performed in 225 (1.7%) patients while surgical
resection of the metastatic lesions was performed in
572 (4.3%). No information was provided in the SEER
database about systemic treatment.

Liver vs bone metastases: P = 0.603
Liver vs lung metastases: P < 0.0001
Liver vs distant lymph nodes: P < 0.0001

0.6

Lung vs bone metastases: P = 0.076
Lung vs distant lymph nodes: P = 0.217
Bone vs distant lymph nodes: P = 0.015

0.4
0.2
0.0
0

  10

20
30
40
Survival (expressed in months)

50

Figure 1 Kaplan-Meier curve of: overall survival (A), and pancreatic cancerspecific survival (B) according to the site of single site metastases.

IRB approval.

Data collection

We restricted our search to SEER database (2010-2013)
because detailed information about the site of distant
metastases was not available before 2010.
To identify metastatic pancreatic cancer patients,
we included cases with a primary site of “pancreas”,
with ICD-O-Histology/behavior codes of 8140/3,
8141/3, 8142/3, 8143/3, 8144/3 and 8145/3 (variants
of adenocarcinoma) and with AJCC stage Ⅳ. We
excluded patients without sufficient survival data or
data about the site of the metastases.
Data extracted for each case included age at
diagnosis, gender, race, marital status, T stage, N
stage, site of metastases, surgery to the primary
and metastases, cause-specific death classification,
survival months and vital status. For the sake of the
current analysis, pancreatic cancer-specific survival was
defined as time from diagnosis to death from pancreatic
adenocarcinoma. Data about systemic therapy were not
available in the SEER database.

WJG|www.wjgnet.com

Survival outcomes

Overall and pancreatic cancer-specific survival were
compared according to the site of metastases; for both
endpoints, patients with isolated distant lymph node
involvement or lung metastases have better outcomes
compared to patients with isolated liver metastases
(for overall survival: lung vs liver metastases: P <
0.0001; distant nodal vs liver metastases: P < 0.0001;
lung vs bone metastases: P = 0.051; distant nodal vs
bone metastases: P = 0.001) (for pancreatic cancerspecific survival: lung vs liver metastases: P < 0.0001;
distant nodal vs liver metastases: P < 0.0001; lung vs
bone metastases: P = 0.076; distant nodal vs bone
metastases: P = 0.015) (Figure 1a and b).
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Moreover, patients with isolated distant lymph node involvement but not those with lung metastases have better outcomes compared to patients with isolated bone
metastases (for overall survival: lung vs bone metastases: P = 0.051; distant nodal vs bone metastases: P = 0.001) (for pancreatic cancer-specific survival: lung vs
bone metastases: P = 0.076; distant nodal vs bone metastases: P = 0.015) (Figure 1a and b). Because of the very small number of patients with brain metastases (90
patients), they were not included in this analysis.
Overall survival was assessed according to whether or not surgery to the primary tumor was performed in patients with isolated liver, lung and distant nodal
metastases. There was evidence of benefit for patients with isolated liver or distant nodal metastases but not for patients with isolated lung metastases (Figure 2a-c).
Overall survival was also evaluated according to whether or not surgery to the metastatic disease was performed in patients with isolated liver, lung or distant nodal

Age (yr)
< 65
≥ 65
Race
White
Black
Others
Gender
Male
Female
Location of the primary
Head
Body/tail
Unknown
Marital status
Married
Unmarried
T stage
T1
T2
T3
T4
Tx
N stage
N0
N1
Nx
Surgery of the primary
Yes
No
Surgery of the metastases
Yes
No

Features

Table 1 Clinical features and metastatic sites n (%)
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0.0
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C
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0
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0.4

0.2
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0.0
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Cum survival
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C
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Number of patients with isolated
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0.8
Cum survival

Cum survival
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liver metastases = 7609

0

50

Surgery
No surgery

1.0

P < 0.0001
0.8

  10
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B

Surgery
No surgery

1.0

Number of patients with isolated
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P = 0.385

Number of patients with isolated
metastases in distant lymph nodes = 295

0.8

50

0
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20
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50

Figure 2 Kaplan-Meier curve of overall survival according to whether
or not surgery to the primary has been done: (A) patients with isolated
distant nodal deposits; (B) patients with isolated liver metastases; (C)
patients with isolated lung metastases.

Figure 3 Kaplan-Meier curve of overall survival according to whether
or not surgery to the metastatic disease has been done: (A) patients
with isolated distant nodal deposits; (B) patients with isolated liver
metastases; (C) patients with isolated lung metastases.

metastases. There was evidence of benefit for patients
with isolated liver metastases but not for patients with
isolated lung or distant nodal metastases (Figure 3a-c).
Multivariate analysis revealed that age < 65 years,

white race, being married, female gender; surgery
to the primary tumor and surgery to the metastatic
disease were associated with better overall survival
and pancreatic cancer-specific survival (Table 2).
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Table 2 Multivariate analyses of overall survival and pancreatic cancer-specific survival in metastatic pancreatic cancer patients
Features

Overall survival

Age (yr)
< 65
> 65
Race
Black
White
Others
Gender
Female
Male
Marital status
Married
Unmarried
T stage
T1
T2
T3
T4
N stage
N0
N1
Surgery of the primary
No
Yes
Surgery of the metastases
No
Yes
Distant metastases
Multiple metastases
Single metastasis

Pancreatic cancer-specific survival

Hazard ratio(95%CI)

P value

Hazard ratio (95%CI)

P value

1.00 (reference)
1.343 (1.292-1.396)

< 0.0001

1.00 (reference)
1.131 (1.083-1.181)

< 0.0001

1.00 (reference)
0.913 (0.865-0.965)
0.891 (0.818-0.971)

0.001
0.009

1.00 (reference)
0.924 (0.869-0.983)
0.956 (0.870-1.052)

0.013
0.360

1.00 (reference)
1.117 (1.075-1.160)

< 0.0001

1.00 (reference)
1.087 (1.042-1.135)

< 0.0001

1.00 (reference)
1.243 (1.196-1.291)

< 0.0001

1.00 (reference)
1.222 (1.170-1.276)

< 0.0001

1.00 (reference)
1.151 (1.015-1.304)
1.014 (0.895-1.149)
0.974 (0.857-1.107)

0.028
0.826
0.688

1.00 (reference)
1.170 (1.015-1.349)
1.033 (0.896-1.191)
0.986 (0.853-1.141)

0.030
0.652
0.851

1.00 (reference)
1.004 (0.962-1.049)

0.841

1.00 (reference)
1.001 (0.954-1.051)

0.958

1.00 (reference)
0.573 (0.489-0.671)

< 0.0001

1.00 (reference)
0.537 (0.448-0.643)

< 0.0001

1.00 (reference)
0.773 (0.703-0.851)

< 0.0001

1.00 (reference)
0.782 (0.703-0.871)

< 0.0001

1.00 (reference)
1.080 (0.900-1.297)

0.409

1.00 (reference)
1.049 (0.867-1.270)

0.619

[15,16]

tumors
. Moreover, the current analysis showed
an evidence for age and racial differences in survival
outcomes. This confirms the findings from previous
[17-19]
SEER analyses
and the racial differences may be
explained by disparities in the access to care; while
the impact of age may be explained by differences in
baseline co morbid conditions. Our analysis showed
also that male patients have poorer survival outcomes
compared to female patients. This may be explained
by unreported differences in co-morbid conditions.
Value of local treatment of the primary in cases
of a metastatic solid tumor has been shown for
[20]
metastatic renal cell carcinoma , metastatic non[21,22]
functioning pancreatic neuroendocrine tumors
[23]
and hepatocellular carcinoma . Similar strategy
is currently being explored in a number of ongoing
[24,25]
studies for patients with metastatic breast cancer
.
For pancreatic adenocarcinoma, there is no
evidence-based consensus about whether and when
to use surgery in the setting of metastatic disease.
While older retrospective studies suggested no
benefit from surgical resection to the primary tumor
[26,27]
and synchronous liver metastases
, more recent
retrospective studies suggested that primary tumor
resection following favorable response to systemic
chemotherapy in stage Ⅳ patients may be considered
[28,29]
in highly selected patients
. However, the number
of patients in all these studies was not large enough to

DISCUSSION
The main findings of this study are: (1) patients with
distant nodal and lung metastases from pancreatic
adenocarcinoma have a statistically significant better
prognosis than patients with liver metastases; and (2)
surgical resection could play a role in the management
of a highly selected subset of patients with pancreatic
adenocarcinoma and isolated resectable liver or distant
nodal metastases.
Knowledge of the prognostic consequences of
having one site of metastases rather than the other
may help in the informed discussion with the patients
about the overall outlook of their disease; moreover,
this could help tailor systemic therapy strategies for
this disease.
Despite the differences in our analysis between
patients affected with different isolated sites of
metastases, there was no difference in general
between patients affected with single site versus
multiple sites of metastases. This is in contrast to lung
cancer where prognostic differences have been found
[12,13]
according to this parameter
.
The current analysis showed that married patients
have better overall and pancreatic cancer specific
survival compared to unmarried patients. This is
in line with previous SEER analyses for pancreatic
[14]
cancer patients
as well as for many other solid
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pancreatic adenocarcinoma are scarce. The authors sought to evaluate this
parameter in patients registered within the surveillance epidemiology and end
results database (SEER) database.

derive clear recommendations. Moreover, these studies
still carry the methodological defects of a retrospective
analysis.
The presence of liver metastases was shown in our
analysis as a poor prognostic factor compared to lung
or distant nodal metastases. This result is in line with
the post-hoc analysis of the MPACT phase Ⅲ study as
[30,31]
well as another retrospective study
. However, our
analysis differs in being on a much larger sample size
which may give a more representative picture of the
routine daily practice.
The results of this analysis have to be interpreted
with caution given the inherent difficulties in conducting
retrospective studies in general and SEER analyses in
particular; most notably the lack of information about
the co-morbidities in evaluated patients as well as the
absence of systemic therapy information. Patients who
are offered surgical resection are more likely to have
better general health and less co- morbidities; thus,
potential selection bias could not be totally excluded.
Moreover, an important site of metastasis from
pancreatic cancer-that is peritoneal deposits- is not
detailed in the SEER database which may confound
further the conclusions from this analysis.
Prospective controlled studies are thus needed in
order to evaluate the best way to integrate local and
systemic therapies in the management of pancreatic
cancer patients with good general condition and
limited resectable extrapancreatic disease. This is
especially important given the plethora of newer
systemic therapy agents approved or evaluated in the
management of this disease.
The current analysis evaluated surgical options for
metastatic patients; however, other local therapies
(which are not detailed in the SEER database) should
also be evaluated within clinical trials in these patients
including interventional radiology ablative techniques
(e.g., radiofrequency or microwave ablation) as well as
stereotactic body radiotherapy.
The biological behavior of pancreatic cancer
patients presenting with a first site of metastasis
other than the liver needs to be interpreted in light of
our recent understanding of the different molecular
[32]
subtypes of pancreatic cancer . Those patients may
have a peculiar molecular phenotype and thus may
benefit from a different course of systemic therapy.
In conclusion, based on the SEER analysis,
pancreatic adenocarcinoma patients with isolated
liver metastases have worse outcomes compared to
patients with isolated lung or distant nodal metastases.
Further research is needed to identify the highly
selected subset of patients who may benefit from local
treatment of the primary tumor and/or metastatic
disease.

Research frontiers

SEER database (2010-2013) has been queried through SEER*Stat program to
determine the presentation, treatment outcomes and prognostic outcomes of
metastatic pancreatic adenocarcinoma according to the site of metastasis.

Innovations and breakthroughs

Patients with isolated distant nodal involvement or lung metastases have
better overall and pancreatic cancer-specific survival compared to patients with
isolated liver metastases (for overall survival: lung vs liver metastases: P <
0.0001; distant nodal vs liver metastases: P < 0.0001) (for pancreatic cancerspecific survival: lung vs liver metastases: P < 0.0001; distant nodal vs liver
metastases: P < 0.0001).

Applications

Pancreatic adenocarcinoma patients with isolated liver metastases have worse
outcomes compared to patients with isolated lung or distant nodal metastases.

Peer-review

This is a straightforward manuscript in which, based on the SEER analysis, the
authors have shown that pancreatic adenocarcinoma patients with isolated liver
metastases have worse outcomes compared to patients with isolated lung or
distal nodal metastases. The paper reports a potentially interesting, practically
important and original data. The authors provided sufficient methodological
detail. Statistical analysis is well done. The claims are appropriately discussed.
Overall, the paper is clear and well written.
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Abstract
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AIM
To describe the relationships between non-alcoholic
fatty-liver disease (NAFLD) patient’s disease conse
quences and treatment perceptions, self-efficacy, and
healthy lifestyle maintenance.
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METHODS
A cross-sectional study among 146 ultrasound diagnosed
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NAFLD patients who visited the fatty liver clinic at the TelAviv Medical Center. Eighty-seven of these individuals,
participated in a clinical trial of physical activity and
underwent fasting blood tests, analyzed at the same
lab. Exclusion criteria included positivity for serum
HBsAg or anti-HCV antibodies; fatty liver suspected to
be secondary to hepatotoxic drugs; excessive alcohol
consumption (≥ 30 g/d in men or ≥ 20 g/d in women)
and positive markers of genetic or immune-mediated
liver diseases. Patients were asked to complete a selfreport structured questionnaire, assembled by the
Israeli Center for Disease Control. Nutrition habits were
measured using six yes/no questions (0 = no, 1 =
yes) adopted from the national survey questionnaire.
Participants in the clinical trial completed a detailed
semi-quantitative food frequency questionnaire (FFQ)
reporting their habitual nutritional intake during the past
year. Self-efficacy was assessed by the Self-Efficacy
Scale questionnaire, emotional representation, degree
of illness understanding, timeline perception, treatment
perception and symptoms were measured by the Brief
Illness Perception questionnaire. Illness consequences
were measured by the Personal Models of Diabetes
Interview questionnaire. A path analysis was performed
to describe the interrelationships between the patients’
illness perceptions, and assess the extent to which the
data fit a prediction of nutritional habits.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dietary modification is a main route of
treatment in non-alcoholic fatty liver disease (NAFLD),
however it is difficult to maintain in the long term and
better ways for implementation are needed. Higher
perceptions of understanding the illness and a higher
self-efficacy are positively related to better nutritional
habits, and therefore its enhancement should be part of
the behavioral treatment. Emphasizing to patients that
although NAFLD is a chronic condition, it is effectively
treatable by diet, increases their self-efficacy. “Scaring”
the patients and leading them to believe that NAFLD
has severe consequences may lead to the undesirable
outcome of reduced self-efficacy and worse dietary
habits.
Zelber-Sagi S, Bord S, Dror-Lavi G, Smith ML, Towne SD Jr,
Buch A, Webb M, Yeshua H, Nimer A, Shibolet O. Role of illness
perception and self-efficacy in lifestyle modification among nonalcoholic fatty liver disease patients. World J Gastroenterol 2017;
23(10): 1881-1890 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1881.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1881

RESULTS
The study sample included 54.1% men, with a mean
age of 47.76 ± 11.68 years (range: 20-60) and mean
body mass index of 31.56 ± 4.6. The average perceived
nutrition habits score was 4.73 ± 1.45 on a scale
between 0-6, where 6 represents the healthiest eating
habits. Most of the study participants (57.2%) did
not feel they fully understood what NAFLD is. Better
nutritional habits were positively predicted by the degree
of illness understanding (β = 0.26; P = 0.002) and selfefficacy (β = 0.25; P = 0.003). Perceptions of more
severe illness consequences were related with higher
emotional representation (β = 0.55; P < 0.001), which
was related with lower self-efficacy (β = -0.17; P =
0.034). The perception of treatment effectiveness was
positively related with self-efficacy (β = 0.32; P < 0.001).
In accordance with the correlation between self-efficacy
and the perceived nutrition habits score, self-efficacy
was also correlated with nutrient intake evaluated by the
FFQ; negatively with saturated fat (percent of saturated
fat calories from total calories) (r = -0.28, P = 0.010) and
positively with fiber (r = 0.22, P = 0.047) and vitamin
C intake (r = 0.34, P = 0.002). In a sub analysis of the
clinical trial participants, objectively measured compliance
to physical activity regimen was positively correlated with
the self-efficacy level (r = 0.34, P = 0.046).

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is emerging
globally as the most prevalent liver disease. Its
prevalence is strongly related to growing obesity rates,
adoption of a sedentary lifestyles and the globalization
[1]
of a Western diet . NAFLD is a leading cause for
chronic liver disease, cirrhosis and hepatocellular
[2]
carcinoma , and is an independent risk factor for
[3]
diabetes and cardiovascular disease .
Poor dietary habits represent a main modifiable
target for the primary prevention and treatment of
NAFLD and the more advanced form of non-alcoholic
[4]
steatohepatitis (NASH) . Weight reduction is the most
[5]
established treatment for both NAFLD and NASH ,
but changing dietary composition without reducing
caloric intake may offer a more feasible alternative to
treat NAFLD patients. Maintaining or striving towards
healthier dietary composition is crucial regardless of
body fatness, as indicated by several epidemiological
[6,7]
studies
demonstrating that normal weight NAFLD
patients are more likely to consume an unhealthy diet
compared to controls. Thus, efficient and sustainable
lifestyle modification programs are needed for NAFLD
patients. However, building and implementing such
programs may be difficult without adequate knowledge
about disease and treatment perceptions among this
patient group. This is particularly important in the

CONCLUSION
Self-efficacy and illness understanding are major
determinants of lifestyle-modification among NAFLD
patients. This information can assist clinicians in
improving compliance with lifestyle changes among these
patients.
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Data collection

context of an asymptomatic disease such as NAFLD,
which has no accepted pharmacological treatment,
although under intensive investigation including
[4,8]
antihypertensive and antidiabetic medications . Our
group recently showed that NAFLD patients do not
think of themselves as sick and accordingly do not
[9]
utilize more health services . Not surprisingly, NAFLD
patients were found to have limited readiness to
[10]
lifestyle changes .
It is generally accepted that self-efficacy, defined
as “beliefs in one’s capabilities to organize and
execute the courses of action required for producing
given attainments”, is an important component in
[11,12]
health promotion including lifestyle modification
.
Importantly, self-efficacy was demonstrated to
be low among NAFLD patients as compared to pa
[13]
tients with other liver diseases . However, the
factors associated with self-efficacy among NAFLD
patients have never been tested. Furthermore,
the association between self-efficacy, along with
disease and treatment perceptions, and keeping a
healthy lifestyle among NAFLD patients has not been
studied. Understanding NAFLD patients’ cognitive
representations of their disease, which may underlie
[14]
individual differences in illness-related behaviors ,
and the relationship of these representations to diet
maintenance may help in developing NAFLD-tailored
lifestyle interventions.
The current study aim was to describe, for the
first time, the relationships between NAFLD patient’s
perceptions regarding disease consequences and treat
ment, self-efficacy, and lifestyle habits maintenance.

Patients were asked to complete a self-report struc
tured questionnaire. The questionnaire was assembled
by the Israeli Center for Disease Control and was used
[16]
in the first Israeli National Health Survey (MABAT) .
Following a 12-h fast, each participant of the clinical
trial underwent blood tests, analyzed at the same lab.
Nutrition habits were measured using six yes/
no questions (0 = no, 1 = yes) adopted from the
national survey questionnaire tailored for the Israeli
[17]
population . Individuals’ nutritional habits score was
calculated based on the patient’s answers (0-6, where
0 represents poor nutritional habits and 6 represents
excellent nutritional habits). Participants in the clinical
trial completed a detailed semi-quantitative food
frequency questionnaire (FFQ) reporting their habitual
nutritional intake during the past year. The FFQ was
assembled by the Food and Nutrition Administration,
[18]
Ministry of Health as previously described .
The main independent variables were measured
by questions adopted from validated questionnaires
as follows (the questions included are specified in
Table 1): Self-efficacy was measured by adopting
[11,19]
the Self-Efficacy Scale questionnaire
, which was
modified for the aims of the current study, referring to
both physical activity and healthy dietary habits and
keeping a food diary. The questions included “how
confident you are that you could do things like these
consistently, for at least six months. Ratings were
made on a 5-point Likert-type scale ranging from
“Sure I could not do it” (1) to “Sure I can do it” (5).
The patient’s self-efficacy rating was calculated as the
mean of 7 questions on a scale from 1 to 5 (α = 0.785,
5 represents high level of self-efficacy).
The questions regarding disease and treatment
perceptions were adopted from the brief illness
[20]
perception questionnaire , including: emotional
representation (mean of 2 questions number 5, 6),
illness understanding degree (a single question number
4), timeline perception (a single statement number 1),
treatment perception (a single statement number 2)
and symptoms (a single question number 3).
In addition, Illness consequences were measured
based on questions adopted from the Personal Models
[14]
of Diabetes Interview (PMDI) questionnaire , which
[21,22]
is based on the Health Belief Model (HBM)
and the
[22,23]
Self-Regulation Model of illness (SRM)
(mean of 4
questions number 7-10, α = 0.722).
All questions were measured using a scale
from 1 to 5 (e.g., 5 represents: high level of illness
emotional representation, high level of perceived
understanding, perceiving NAFLD as a long-term
disease, a high level of symptoms experienced severe
perceived consequences and high belief in treatment).
In addition, the questionnaire included an open[20]
ended question , “Please list in rank-order the three
most important factors that you believe caused your

MATERIALS AND METHODS
Study population

A cross-sectional survey was conducted among
ultrasound diagnosed adult (above the age of 18)
NAFLD patients who visited the fatty liver clinic at the
Tel Aviv Medical Center during 2011 and 2012. Eightyseven of these individuals participated in a clinical
trial testing the effect of resistance training (RT) vs
[15]
stretching on NAFLD . Exclusion criteria included
positivity for serum HBsAg or anti-HCV antibodies;
fatty liver suspected to be secondary to hepatotoxic
drugs; known diabetes treated by medications other
than Metformin; cancer; renal failure; heart disease;
non-compensated cirrhosis; inflammatory bowel
disease; excessive alcohol consumption (≥ 30 g/d in
[2]
men or ≥ 20 g/d in women) ; positive markers of
genetic or immune-mediated liver diseases.
The study conformed to the ethical guidelines of
the 1975 Declaration of Helsinki, and was approved
by the Tel-Aviv Medical Center ethics committee. All
patients signed an informed consent. The clinical trial
was pre-registered in the NIH registration website
(TRIAL no. NCT01264198).
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Table 1 Description of disease perceptions, illness emotional representation, perceived illness consequences, self-efficacy and
reported nutritional habits among non-alcoholic fatty liver disease patients
Variable (n = 146)
Disease perceptions
Time line perception
Treatment perception
Symptoms
Illness understanding degree
Emotional representation

Illness consequences

Self-efficacy

Nutrition habits1

Items

% of patients who responded 4
and above (range 1-5)

1. How long do you think your NAFLD will continue?
2. How much do you believe that there is a treatment that can help in reducing or
healing NAFLD
3. How much do you experience symptoms due to NAFLD?
4. How well do you feel that you understand what NAFLD is?
5. How concerned are you about having NAFLD?
6. How much does your illness (NAFLD) affect you emotionally? (e.g., does it make
you angry, scared, upset or depressed?)
7. To what extent having a NAFLD affects your everyday life?
8. To what extent do you believe that NAFLD is a severe health problem?
9. To what extent do you believe that NAFLD is a disease?
10. To what extent do you anticipate having medical complications due to NAFLD?
11. I'm sure that I can make the time and persist in performing physical activity even
if I'm very busy at work or at home
12. I'm sure that I can persist keeping low fat diet
13. I'm sure that I can persist in keeping low sugar diet
14. I'm sure that I can persist in keeping low sodium diet
15. I'm sure that I can persist in eating smaller portions during my meals
16. I'm sure that I can avoid buying snacks and candies
17. I'm sure that I can persist in keeping a food diary
18. I make an effort to reduce the amount of fat in my diet
19. I make an effort to reduce the amount of calories in my diet
20. I make an effort to reduce the amount of sugar and sweats in my diet
21. I make an effort to reduce soft drinks consumption (with sugar not diet)
22. I make an effort to reduce red meat and sausages consumption
23. I make an effort to increase vegetables consumption

53.6%
72.6%
9.0%
42.8%
60.0%
20.0%
13.7%
59.6%
50.0%
46.6%
63.0%
71.9%
67.1%
72.6%
64.1%
61.0%
51.7%
88.8%
67.5%
83.3%
89.5%
65.1%
79.4%

1

Percent of respondents that answered YES to each item. NAFLD: Non-alcoholic fatty liver disease.

Medication
use, 4.2%

Mann-Whitney test was used if non-parametric tests
2
were required based on data distribution. Pearson’s χ
tests were performed to examine associations between
nominal variables. Pearson or Spearmen correlations
were used to test correlations between the diet score,
self-efficacy and disease perception.
A path analysis was performed, using AMOS
version 22 software (IBM Corp., SPSS, 2013), to
describe the interrelationships between the study
variables and assess the extent to which the data fit
a predicted model associated with nutritional habits.
This is a useful methodological and statistical tool to
assess the fit between a set of variables and a theory.
This method estimates the unidirectional relationship
between a set of independent predictors and a set of
dependent criteria. A model-modification approach is
used to estimate existing relationships and to evaluate
and improve them. The final result is a model that, on
the one hand, is theoretically based and, on the other,
fits the specific set of data.
Model fit was assessed with NFI, NNFI, CFI, and
RMSEA. Usually, two statistical criteria are applied:
2
a measure of the model fit (represented by χ
and its derivates) and significant estimates of the
interrelationship of the model variables (represented
by Bs) (Arbuckle, 2013). The most common measures
2
of model fit, χ , should be non-significant in order to
represent a non-significant departure from the best

Other reasons or
unknown, 6.2%

Lack of physical
activity, 6.3%

Over-weight or
obesity, 13.9%

Dietary
habits,
53.5%

Genetics, 16.0%

Figure 1 Patients’ perceptions regarding the main reasons for nonalcoholic fatty liver disease.

NAFLD”. Respondents’ answers were categorized into
six main reasons (see Figure 1).

Statistical analysis

Statistical analyses were performed using SPSS version
22 (SPSS Inc., Chicago, IL, United States). Continuous
variables are presented as mean ± SD. Independent
samples t-test were performed to test differences in
continuous variables between the two groups. The
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With regard to emotional representation, 60% of
the patients reported high levels of concern regarding
having a NAFLD, but only 20% reported that having a
NAFLD greatly affected them emotionally. In addition,
with regard to illness consequences, almost 60%
believed that NAFLD is a severe health problem, but
only half of the patients believed NAFLD is a disease.
Furthermore, only a little more than half of the patients
(53.4%) anticipated having medical complications due
to NAFLD. Only 13.7% felt that having NAFLD severely
affected their everyday life.
The majority of the patients reported relatively
high self-efficacy regarding their ability to maintain
a healthy diet. For instance, 72.6% of participants
reported high levels of self-efficacy to maintain a
low sodium diet, 71.9% reported high levels of selfefficacy to maintain a low fat diet, and 67.1% reported
high levels of self-efficacy to maintain a low sugar diet.
The overall self-efficacy mean rating of the patients
was 3.76 ± 0.72 on a scale of 1-5, which indicates
medium-high self-efficacy rating.
The majority of the patients reported maintaining
healthy eating habits. Most patients reported making
efforts to reduce dietary intake of fat (88.8%), calories
(67.5%), sugar (83.3%), soft drinks (89.5%), and red
meat (65.1%), and to increase intake of vegetables
(79.4%).

Table 2 Description of the study sample (mean ± SD unless
otherwise stated)
Variable (units; normal range)
Gender (%; males)
Nutrition habits (score)
BMI (kg/m2; 20-25)
Age (yr)
Education (%; high school and above)
Smoking (%; current smoker)
Time since diagnosis (%; one year or less)
HOMA-IR (score)
HbA1C (%; 3.9-6)
AST (U/L; 5-40)
Glucose (mg/dL; 70-110)
ALT (U/L; 5-39)
GGT (U/L; 6-28)
Albumin (g/L; 35-50)
Total Cholesterol (mg/dL; 150-200)
Ferritin (ng/mL; 7.1-151)
Metabolic syndrome (%)
Lipid-lowering medications (%)
Antihypertensive medications (%)

Total (n = 146)
54.1
4.73 ± 1.45
31.56 ± 4.62
47.76 ± 11.68
66.7
12.3
36.0
6.10 ± 2.79
5.65 ± 0.46
32.66 ± 14.95
85.62 ± 10.63
50.16 ± 34.12
48.29 ± 50.60
45.05 ± 2.75
187.97 ± 38.08
148.77 ± 129.31
28.7
28.8
20.5

Blood tests were available to 87 subjects.

model possible; the Fit Indexes (NFI - normal fit index,
NNFI - non-normal fit index, CFI - comparative fit
index) should be close to a value of 1. RMSEA (Root
mean standard error of approximation) should be
lower than 0.05. Estimates given by the model (β)
[24]
should be significant . P < 0.05 was considered
statistically significant for all analyses.

Perceptions regarding the main reasons for NAFLD
among patients

Figure 1 presents the distribution of the perceived
main reasons for having NAFLD. Most patients
(73.7%) believed that behavioral factors were the
most important reasons for NAFLD; approximately
54% reporting dietary habits as the main reason for
fatty liver, followed by 13.9% who reported overweight
or obesity and 6.3% who reported lack of physical
activity. The second most prevalent perceived reason
was genetics at 16%. Medication use was cited as the
main reason for fatty liver by 4.2% of respondents.

RESULTS
Description of the study population

The study sample included 146 NAFLD patients,
54.1% men, with a mean age of 47.76 ± 11.68 years
(range 19-72), mean body mass index (BMI) of 31.56
± 4.62, 25 patients (28.7% out of the 87 subjects with
blood tests) had the metabolic syndrome according to
[25]
the accepted criteria
and 13 patients (8.9%) had
type-2 diabetes, all were treated solely by Metformin.
The average nutrition habits score was 4.73 ± 1.45 on
a scale between 0-6, where 6 represents the healthiest
eating habits. Table 2 describes the study sample
characteristics.

Bivariate correlations between illness perception,
emotional representation, self-efficacy and perceived
nutritional habits

Table 3 presents bivariate correlations between the
study variables. Maintaining healthy nutritional habits
was significantly positively correlated with the patients’
perceptions regarding their illness consequences (rs =
0.19; P = 0.035), the degree of understanding their
illness (rs = 0.27; P = 0.003) and their self-efficacy
(rs = 0.20; P = 0.028). Self-efficacy was significantly
negatively correlated with timeline perceptions (rs =
-0.27; P = 0.001).
There was a significant, strong positive correlation
between the perception of illness consequences and
high emotional representation (reflecting the extent
by which the patients were afraid or concerned
about having NAFLD; rs = 0.58; P ≤ 0.001), timeline

Description of disease perceptions, illness emotional
representation, perceived illness consequences, selfefficacy and reported nutritional habits among NAFLD
patients

Table 1 presents the patients’ perceptions regarding
different aspects of having NAFLD. Most of the study
participants (57.2%) did not feel they fully understood
what having a NAFLD really meant. Only a little more
than half of the patients (53.6%) perceived NAFLD as
a long-term condition. The majority (72.6%) believed
there was some form of treatment that could help
healing or reducing the severity of NAFLD.
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with lower self-efficacy (β = -0.17; P = 0.034),
predicting worse nutritional habits. Third, although
the perceptions of a longer term illness were directly
related with better nutritional habits, these perceptions
were also negatively related with the perception
of effective treatment (β = -0.31; P < 0.001). The
perception of treatment effectiveness was positively
related with self-efficacy (β = 0.32; P < 0.001), which
predicts better nutritional habits. Fourth, experiencing
many symptoms was related with lower perceptions
of illness understanding (β = -0.19; P = 0.026) and
may lead indirectly to a higher illness emotional
representation. However, only 9% of the sample
experienced significant NAFLD-related symptoms.

Table 3 Bivariate correlations between variables of illness
perception, emotional representation, self-efficacy and
perceived nutritional habits (n = 146)
1
1 Nutrition
habits
2 Illness
consequences
perception
3 Emotional
representation
4 Self efficacy
5 Treatment
perception
6 Symptoms
7 Time line
perception
8 Illness
understanding
degree
mean
SD

2

3

4

5

6

7

0.19a

-

-0.05

0.58b

-

0.20a
-0.02

-0.02
0.06

-0.09
0.26b

0.27b

-

0.13
0.12

0.45b
0.21a

0.24b
0.09

-0.14a
-0.27b

-0.10
-0.32b

0.19a

-

0.27b

0.38b

0.22b

0.03

0.00

0.04

0.05

4.73
1.45

3.19
0.73

3.03
1.06

3.76
0.72

3.97
0.99

1.80
1.08

3.14
1.14

The accordance between perceived nutritional habits
and reported nutritional intake

A sub-sample of the study population (n = 84)
completed FFQ. There was a positive correlation
between healthy eating habits scores and fiber intake
(r = 0.26, P = 0.027), and there was a negative
correlation between healthy eating habits scores and
saturated fat intake (percent of saturated fat calories
from total calories) (r = -0.43, P < 0.001).

a

P < 0.05; bP < 0.01.

perceptions (reflecting the extent by which the patients
perceived NAFLD as a long term illness, rs = 0.21; P =
0.011), symptoms perception (rs = 0.45; P ≤ 0.001)
and perceived Illness understanding degree (rs = 0.38;
P ≤ 0.001).

The association between self-efficacy and reported
nutritional intake and actual compliance with physical
activity regimen

In accordance with the correlation between selfefficacy and the perceived diet score, self-efficacy
was also correlated with nutrient intake evaluated
by the FFQ; negatively with saturated fat (percent of
saturated fat calories from total calories) (r = -0.28, P
= 0.010) and positively with fiber (r = 0.22, P = 0.047)
and vitamin C intake (r = 0.34, P = 0.002).
In a sub analysis of RCT participants who in the
intervention arm (resistance training) who had regular
training sessions at the gym (n = 34). The number
of training sessions at the gym was automatically
recorded every time a patient entered the gym with
his/her personal chip. Compliance was defined as
the number of recorded training sessions divided
by the recommended number of sessions (i.e., 3
times a week during the 12-wk trial). This objective
compliance measure was positively correlated with the
self-efficacy level (r = 0.34, P = 0.046).

Path analysis model for the prediction of nutritional
habits

A path model was developed to describe the
interrelationships between the study variables and
assess the extent by which nutritional habits can be
predicted by them.
The model was found to fit the data: NFI = 0.870,
NNFI = 0.985, CFI = 0.992, RMSEA = 0.018, and
χ 2(29) = 30.413, P = 0.394, as shown in Figure 2 and
in Supplementary Table.
Better nutritional habits were positively and directly
predicted by illness understanding degree (β = 0.26;
P = 0.002), self-efficacy (β = 0.25; P = 0.003) and
timeline perception (longer-term illness) (β = 0.17; P
= 0.036).
Several indirect significant associations were
observed. First, male gender was negatively related
with illness understanding (β = -0.46; P = 0.014) and
self-efficacy (β = -0.24; P = 0.031). Meaning that,
women perceived higher illness understanding and
higher self-efficacy. Second, BMI was positively related
with a perception of more severe illness consequences
(β = 0.27; P = 0.002). The latter was related with
a higher perception of illness understanding and a
perception of a longer term illness, both of which were
positively predictive of better nutrition habits. However,
perceptions of more severe illness consequences were
strongly related with higher emotional representation
(β = 0.55; P < 0.001), which in turn was related
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DISCUSSION
In the present study, we demonstrated that nutritional
habits and lifestyle modification among NAFLD patients
may be associated with the patients’ perceptions
concerning their illness, and with their self-efficacy
regarding their ability to change their lifestyle. Our
results highlight the impotence and the complexity
of achieving NAFLD patient’s adherence to healthy
nutritional habits. The model suggests ways by which
clinicians can improve NAFLD patient’s eating habits,

1886

March 14, 2017|Volume 23|Issue 10|

Zelber-Sagi S et al . Illness perception and self-efficacy in NAFLD
Treatment
effectiveness
0.09

e

-0.31

e

0.32

Time line perception
a

Gender

-0.17

a

0.19

b

0.28

a

0.17

a

-0.18

Emotional
representation
0.31

Symptoms

a

-0.17

Self efficacy
0.14

b

0.25

Nutrition habits
0.15

e

0.55
a

0.16

BMI

b

b

0.27

0.44

Illness consequences
0.26

0.26

a

-0.19

e

e

0.46

Illness understanding
0.20

Figure 2 Path model for the study variables predicting nutritional habits. Values attached to the arrows represent regression standardized coefficients (b
values), with significance levels in asterisks. Values within the rectangles represent the explained variance by the variable (R2). NFI = 0.870, NNFI = 0.985, CFI = 0.992,
RMSEA = 0.018, χ 2(29) = 30.413, P = 0.394. aP < 0.05, bP < 0.01, eP < 0.001 NFI: Normal fit index; NNFI: Non-normal fit index; CFI: Comparative fit index; RMSEA:
Root mean standard error of approximation.

or, on the other hand, may unintentionally discourage
them from trying. The main conclusions that can be
drawn are that higher perceptions of understanding
the illness and a higher self-efficacy are positively
related to better nutritional habits, and therefore
its enhancement should be part of the behavioral
treatment. Conversely, “scaring” the patients and
leading them to believe that NAFLD has severe
consequences may lead to the undesirable outcome
of greater disease-related emotional stress, which,
in turn, reduces self-efficacy and thus may lead to
worse nutritional habits. In addition, although the
patients should know that NAFLD is a chronic disease,
a perception of a longer-term illness was related with a
perception of a less effective treatment and lower selfefficacy. Therefore, it may be important to emphasize
to patients that although NAFLD is a chronic condition,
it is still treatable and even reversible if diet is
[5]
maintained . Our results emphasize the importance
of explaining patients the effectiveness of dietary
treatment in NAFLD, a step that may increase their
self-efficacy and compliance.
In support of our results, the Health Belief Model
[22]
(HBM) , indicates that perceived risk, severity, or
threat of disease among patients as well as their
confidence to make lifestyle changes may be critical
to motivate patients into chancing their eating and
physical activity habits. The HBM was never tested
in the context of improving eating habits among
NAFLD patients. However, several studies have tested
patients’ perceptions according to the HBM among
diabetic patients, and the similarity between diabetes
and NAFLD may help in the interpretation of the
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current study results. In a recent study among type-2
diabetes patients, both self-efficacy and perceived
medication benefits were significant HBM predictors for
[26]
medication adherence .
The current study results shows that perceptions
of more severe illness consequences were related
with higher emotional representation, which in turn
was related with lower self-efficacy, predicting poor
nutritional habits. We believe that this is a very crucial
finding for care-givers treating NAFLD patients.
Understanding of the emotional aspects of having a
NAFLD may be a key element in a successful treat
ment and a better modification of healthy lifestyle.
The impotence of the illness emotional representation
and the patients’ emotional status among chronic
patients is well documented. For instance, higher
emotional representation was negatively correlated
with well-being among patients with chronic kidney
[27]
disease . Among type-2 diabetes patients, it was
suggested that patients construct their own individual
self-management from an emotional base. Therefore,
balanced emotional status can contribute to a better
[28]
self-management .
The current study suggests that the mechanism
by which emotional representation affect the health
outcomes, may be through the patients’ self- efficacy.
Patients with a better balanced emotional status may
be less emotionally distressed, and therefore may have
higher self-efficacy related to their ability to make the
changes needed in their life. A previous study showed
that lower illness-associated emotional representation
is associated with a better sense of control among
[29]
haemodialysis patients .
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The positive association between perceived
understanding of NAFLD and maintaining healthy
nutritional habits is another important finding. This
may indicate that patients who feel they understand
their illness will make more efforts or will have better
[30-32]
self-efficacy to maintain healthy eating habits
.
In patients with alcohol-related liver disease, illness
understanding made a significant contribution to their
[33]
self-management confidence .
Our study highlights the major role of self-efficacy
as a determinant of lifestyle modification maintenance.
This is consistent with past research supporting the
[34,35]
role of self-efficacy in lifestyle modification
.
Furthermore, we demonstrated a positive association
between self-efficacy and actual compliance with a
physical activity regimen, as measured by an objective
tool of automatically recorded number of training
sessions at the gym. This finding further supports the
importance of self-efficacy in lifestyle-modification
demonstrated in our study as well as in previous study
which demonstrated a particularly low self-efficacy to
[13]
perform physical activity among NAFLD patients .
Interestingly, low parental self-efficacy for lifestyle
modification was demonstrated among parents to
[36]
obese children with NAFLD . Indeed, similarly to the
treatment of obesity and other metabolic disorders,
the promotion of self-efficacy as part of behavioral
therapy should be adopted in the treatment of NAFLD
[12]
as well .
This study provides critical information that can
be used and disseminated among interventionists,
clinicians, and other key stakeholders. This study
may also serve as a model to other studies seeking to
identify targets for lifestyle interventions among this
relatively understudied group.
Our study has several limitations to consider. First,
nutritional habits relied on self-report, which may lead
to report bias. This bias is most likely non-differential
and thus can only weaken the observed associations.
To provide construct validity to the eating habits
score, we correlated it with another type of nutritional
assessment, based on a detailed FFQ, indicating
correlations between reported nutritional habits
and calculated nutrients consumption, as expected.
Furthermore, self-efficacy was positively correlated
with the FFQ-estimated fiber and vitamin C intake,
which are indicators for fruit and vegetable intake, and
negatively with saturated fat.
Second, generalization to other populations
needs to be validated, especially given the potential
[37]
for cultural differences in health beliefs . Lastly,
the cross-sectional design of the study prevents the
determination of the directions of associations, and is
insufficient to determine causality.
In conclusion, complex relationships exist between
disease perception, knowledge, emotional stress, selfefficacy and nutritional habits in NAFLD patients. The
identification of these relationships may help tailor

WJG|www.wjgnet.com

behavioral interventions delivered by clinicians treating
NAFLD patients. Self-efficacy enhancement seems
to be a key-factor, along with believing in treatment
effectiveness and improving illness understanding.
Focusing on these parameters is likely to enhance
effective lifestyle interventions achieving long term
engagement of NAFLD patients.
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importance and the complexity of achieving NAFLD patient’s adherence to
healthy nutritional habits.
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conclusions that can be drawn are that higher perceptions of understanding
the illness and a higher self-efficacy are positively related to better nutritional
habits, and therefore its enhancement should be part of the behavioral
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NAFLD has severe consequences may lead to the undesirable outcome of
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although NAFLD is a chronic condition, it is still treatable and even reversible if
diet is maintained.

Terminology

Self-efficacy, defined as beliefs in one’s capabilities to organize and execute the
courses of action required for producing given attainments. The health Belief
Model (HBM), indicates that perceived risk, severity, or threat of disease among
patients as well as their confidence to make lifestyle changes may be critical to
motivate patients into chancing their eating and physical activity habits.

Peer-review

The topic is quite interesting and the paper is very well written, with clear
language and discussion consistent with the results obtained. The study by
Zelber-Sagi et al has investigated the relation between illness perception and
dietary modification among 146 patients with NAFLD. The study has shown
significant correlations between disease perception and dietary habits among
NAFLD patients, suggesting self-efficacy enhancement as an effective tool
for improving illness understanding, thus treatment effectiveness. Aim of the
study has been clearly stated. Data relevant to the topic have been precisely
presented and discussed in detail. Statistical methods have been meticulously

1888

March 14, 2017|Volume 23|Issue 10|

Zelber-Sagi S et al . Illness perception and self-efficacy in NAFLD
mentioned in the text.
15

REFERENCES
1
2

3

4

5

6

7

8

9

10

11

12

13

14

Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev
Gastroenterol Hepatol 2013; 10: 686-690 [PMID: 24042449 DOI:
10.1038/nrgastro.2013.171]
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi
K, Charlton M, Sanyal AJ. The diagnosis and management of nonalcoholic fatty liver disease: practice Guideline by the American
Association for the Study of Liver Diseases, American College
of Gastroenterology, and the American Gastroenterological
Association. Hepatology 2012; 55: 2005-2023 [PMID: 22488764
DOI: 10.1002/hep.25762]
Lonardo A, Sookoian S, Pirola CJ, Targher G. Non-alcoholic
fatty liver disease and risk of cardiovascular disease. Metabolism
2016; 65: 1136-1150 [PMID: 26477269 DOI: 10.1016/
j.metabol.2015.09.017]
European Association for the Study of the Liver (EASL);
European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASDEASO Clinical Practice Guidelines for the management of nonalcoholic fatty liver disease. J Hepatol 2016; 64: 1388-1402 [PMID:
27062661 DOI: 10.1016/j.jhep.2015.11.004]
Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, TorresGonzalez A, Gra-Oramas B, Gonzalez-Fabian L, Friedman SL,
Diago M, Romero-Gomez M. Weight Loss Through Lifestyle
Modification Significantly Reduces Features of Nonalcoholic
Steatohepatitis. Gastroenterology 2015; 149: 3673-3678.e5; quiz
e14-15 [PMID: 25865049 DOI: 10.1053/j.gastro.2015.04.005]
Musso G, Gambino R, De Michieli F, Cassader M, Rizzetto
M, Durazzo M, Fagà E, Silli B, Pagano G. Dietary habits and
their relations to insulin resistance and postprandial lipemia in
nonalcoholic steatohepatitis. Hepatology 2003; 37: 909-916 [PMID:
12668986 DOI: 10.1053/jhep.2003.50132]
Yasutake K, Nakamuta M, Shima Y, Ohyama A, Masuda K,
Haruta N, Fujino T, Aoyagi Y, Fukuizumi K, Yoshimoto T,
Takemoto R, Miyahara T, Harada N, Hayata F, Nakashima M,
Enjoji M. Nutritional investigation of non-obese patients with nonalcoholic fatty liver disease: the significance of dietary cholesterol.
Scand J Gastroenterol 2009; 44: 471-477 [PMID: 19058085]
Souza-Mello V, Gregório BM, Cardoso-de-Lemos FS, de Carvalho
L, Aguila MB, Mandarim-de-Lacerda CA. Comparative effects of
telmisartan, sitagliptin and metformin alone or in combination on
obesity, insulin resistance, and liver and pancreas remodelling in
C57BL/6 mice fed on a very high-fat diet. Clin Sci (Lond) 2010;
119: 239-250 [PMID: 20415664 DOI: 10.1042/CS20100061]
Mlynarsky L, Schlesinger D, Lotan R, Webb M, Halpern Z,
Santo E, Shibolet O, Zelber-Sagi S. Non-alcoholic fatty liver
disease is not associated with a lower health perception. World
J Gastroenterol 2016; 22: 4362-4372 [PMID: 27158205 DOI:
10.3748/wjg.v22.i17.4362]
Centis E, Moscatiello S, Bugianesi E, Bellentani S, Fracanzani
AL, Calugi S, Petta S, Dalle Grave R, Marchesini G. Stage of
change and motivation to healthier lifestyle in non-alcoholic fatty
liver disease. J Hepatol 2013; 58: 771-777 [PMID: 23201248 DOI:
10.1016/j.jhep.2012.11.031]
Kroll T, Kehn M, Ho PS, Groah S. The SCI Exercise SelfEfficacy Scale (ESES): development and psychometric properties.
Int J Behav Nutr Phys Act 2007; 4: 34 [PMID: 17760999 DOI:
10.1186/1479-5868-4-34]
Bellentani S, Dalle Grave R, Suppini A, Marchesini G. Behavior
therapy for nonalcoholic fatty liver disease: The need for a
multidisciplinary approach. Hepatology 2008; 47: 746-754 [PMID:
18098321 DOI: 10.1002/hep.22009]
Frith J, Day CP, Robinson L, Elliott C, Jones DE, Newton JL.
Potential strategies to improve uptake of exercise interventions
in non-alcoholic fatty liver disease. J Hepatol 2010; 52: 112-116
[PMID: 19897272 DOI: 10.1016/j.jhep.2009.10.010]
Hampson SE, Glasgow RE, Toobert DJ. Personal models of

WJG|www.wjgnet.com

16
17

18

19
20
21

22
23
24
25

26

27
28

29

30

31

32

1889

diabetes and their relations to self-care activities. Health Psychol
1990; 9: 632-646 [PMID: 2226390]
Zelber-Sagi S, Buch A, Yeshua H, Vaisman N, Webb M, Harari
G, Kis O, Fliss-Isakov N, Izkhakov E, Halpern Z, Santo E, Oren
R, Shibolet O. Effect of resistance training on non-alcoholic fattyliver disease a randomized-clinical trial. World J Gastroenterol
2014; 20: 4382-4392 [PMID: 24764677 DOI: 10.3748/wjg.v20.
i15.4382]
Kaluski DN, Goldsmith R, Arie OM, Mayer C, Green M. The first
Israeli national health and nutrition survey (MABAT) as a policy
maker. Public Health Rev 2000; 28: 23-26 [PMID: 11411274]
Niskar A, Baron-Epel O, Garty-Sandalon N, Keinan-Boker L.
Body weight dissatisfaction among Israeli Jewish and Arab women
with normal or overweight-obese body mass index, Israeli INHIS-1,
2003-2004. Prev Chronic Dis 2009; 6: A51 [PMID: 19288994]
Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis
L, Halpern Z, Oren R. Long term nutritional intake and the risk
for non-alcoholic fatty liver disease (NAFLD): a population based
study. J Hepatol 2007; 47: 711-717 [PMID: 17850914]
Hofstetter CR, Sallis JF, Hovell MF. Some health dimensions of
self-efficacy: analysis of theoretical specificity. Soc Sci Med 1990;
31: 1051-1056 [PMID: 2255964]
Broadbent E, Petrie KJ, Main J, Weinman J. The brief illness
perception questionnaire. J Psychosom Res 2006; 60: 631-637
[PMID: 16731240 DOI: 10.1016/j.jpsychores.2005.10.020]
Mirotznik J, Ginzler E, Zagon G, Baptiste A. Using the health
belief model to explain clinic appointment-keeping for the
management of a chronic disease condition. J Community Health
1998; 23: 195-210 [PMID: 9615295]
Harvey JN, Lawson VL. The importance of health belief models in
determining self-care behaviour in diabetes. Diabet Med 2009; 26:
5-13 [PMID: 19125754 DOI: 10.1111/j.1464-5491.2008.02628.x]
Heijmans M, de Ridder D. Assessing illness representations of
chronic illness: explorations of their disease-specific nature. J
Behav Med 1998; 21: 485-503 [PMID: 9836133]
Bentler PM. Comparative fit indexes in structural models. Psychol
Bull 1990; 107: 238-246 [PMID: 2320703]
National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). Third Report
of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III) final report.
Circulation 2002; 106: 3143-3421 [PMID: 12485966]
Alatawi YM, Kavookjian J, Ekong G, Alrayees MM. The asso
ciation between health beliefs and medication adherence among
patients with type 2 diabetes. Res Social Adm Pharm 2015; 12:
914-925 [PMID: 26706405 DOI: 10.1016/j.sapharm.2015.11.006]
Fowler C, Baas LS. Illness representations in patients with chronic
kidney disease on maintenance hemodialysis. Nephrol Nurs J
2006; 33: 173-174, 179-186 [PMID: 16613412]
Furler J, Walker C, Blackberry I, Dunning T, Sulaiman N, Dunbar
J, Best J, Young D. The emotional context of self-management
in chronic illness: A qualitative study of the role of health
professional support in the self-management of type 2 diabetes.
BMC Health Serv Res 2008; 8: 214 [PMID: 18928555 DOI:
10.1186/1472-6963-8-214]
Covic A, Seica A, Gusbeth-Tatomir P, Gavrilovici O, Goldsmith
DJ. Illness representations and quality of life scores in
haemodialysis patients. Nephrol Dial Transplant 2004; 19:
2078-2083 [PMID: 15213317 DOI: 10.1093/ndt/gfh254]
AbuSabha R, Achterberg C. Review of self-efficacy and locus
of control for nutrition- and health-related behavior. J Am Diet
Assoc 1997; 97: 1122-1132 [PMID: 9336559 DOI: 10.1016/
S0002-8223(97)00273-3]
Kelly RB, Zyzanski SJ, Alemagno SA. Prediction of motivation
and behavior change following health promotion: role of health
beliefs, social support, and self-efficacy. Soc Sci Med 1991; 32:
311-320 [PMID: 2024141]
Adams RJ. Improving health outcomes with better patient
understanding and education. Risk Manag Healthc Policy 2010; 3:

March 14, 2017|Volume 23|Issue 10|

Zelber-Sagi S et al . Illness perception and self-efficacy in NAFLD

33

34

61-72 [PMID: 22312219 DOI: 10.2147/RMHP.S7500]
Lau-Walker M, Presky J, Webzell I, Murrells T, Heaton N.
Patients with alcohol-related liver disease--beliefs about their
illness and factors that influence their self-management. J Adv Nurs
2016; 72: 173-185 [PMID: 26446497 DOI: 10.1111/jan.12826]
Dalle Grave R, Calugi S, Centis E, Marzocchi R, El Ghoch M,
Marchesini G. Lifestyle modification in the management of the
metabolic syndrome: achievements and challenges. Diabetes
Metab Syndr Obes 2010; 3: 373-385 [PMID: 21437107 DOI:
10.2147/DMSOTT.S13860]

35
36

37

Bandura A. Self-efficacy: toward a unifying theory of behavioral
change. Psychol Rev 1977; 84: 191-215 [PMID: 847061]
Iñiguez IR, Yap J, Mager DR. Parental perceptions regarding
lifestyle interventions for obese children and adolescents with
nonalcoholic fatty liver disease. Paediatr Child Health 2014; 19:
e24-e29 [PMID: 24855432]
Betancourt JR, Green AR, Carrillo JE, Ananeh-Firempong
O. Defining cultural competence: a practical framework for
addressing racial/ethnic disparities in health and health care. Public
Health Rep 2003; 118: 293-302 [PMID: 12815076]
P- Reviewer: Emre A, Gregorio BM S- Editor: Yu J
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

1890

March 14, 2017|Volume 23|Issue 10|

World J Gastroenterol 2017 March 14; 23(10): 1891-1898

Submit a Manuscript: http://www.wjgnet.com/esps/
DOI: 10.3748/wjg.v23.i10.1891

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Observational Study

Validation of the chinese version of the EORTC QLQ-CR29 in
patients with colorectal cancer
Jin-Bo Lin, Lei Zhang, Dong-Wen Wu, Zhou-Huan Xi, Xue-Jun Wang, Yun-Shou Lin, Wakana Fujiwara,
Jing-Ru Tian, Min Wang, Peng Peng, Ai Guo, Zhen Yang, Le Luo, Ling-Ya Jiang, Qia-Qia Li, Xue-Ying Zhang,
Yun-Feng Zhang, Hou-Wei Xu, Bing Yang, Xun-Lin Li, Yi-Xiong Lei
Jin-bo Lin, Yi-xiong Lei, School of Public Health, Guangzhou
Medical University, Guangzhou 511436, Guangdong Province,
China

performed data analysis and interpretation; Wang M and Peng
P wrote the paper; Yang Z, Luo L, Jiang LY, Li QQ, Zhang
XY, Zhang YF, Xu HW, Yang B and Li XL collected the data;
Fujiwara w and Lei Yx revised the article; all authors have
approved the final version to be published.

Jin-bo Lin, Bing Yang, Longgang Central Hospital of Shenzhen,
Shenzhen 518116, Guangdong Province, China

Supported by Science & Technology Innovation Commission
of Shenzhen (to Lin JB), No. 201404113000346 and No.
JCYJ20140411150916744; and the Science & Technology Project
of Shenzhen Longgang District, No. 201406063001007 and No.
YLWS20140606101914846; and the Science & Technology
Project of Shenzhen Longgang District, No. 20160607153104624
(to Zhang YF).

Lei Zhang, Department of Thoracic Surgery, Tianjin Medical
University Cancer Institute and Hospital, National Clinical
Research Center for Cancer, Key Laboratory of Cancer
Prevention and Therapy, Tianjin Lung Cancer Center, Tianjin
300060, China
Dong-Wen Wu, Zhou-Huan Xi, Jing-Ru Tian, Zhen Yang,
Ling-Ya Jiang, Qia-Qia Li, Xue-Ying Zhang, Xiangya School
of Medicine, Central South University, Changsha 410013, Hunan
Province, China

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Boards of the Third
Xiangya Hospital of Central South University, the Affiliated
Tumor Hospital of Central South University, the Longgang
Central Hospital of Shenzhen, and the Affiliated Tumor Hospital
of Guangzhou Medical University.

Xue-Jun Wang, Department of Gastrointestinal Surgery, Tianjin
Medical University Cancer Institute and Hospital, National
Clinical Research Center for Cancer, Key Laboratory of Cancer
Prevention and Therapy, Tianjin Lung Cancer Center, Tianjin
300060, China

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

Yun-Shou Lin, Min Wang, Peng Peng, Ai Guo, Xun-Lin Li,
Tianjin Medical University, Tianjin 300060, China

Conflict-of-interest statement: There is no conflict of interest
related to this study.

Wakana Fujiwara, School of Medicine, Georgetown University,
N.W., Washington D.C. 20057, United States

Data sharing statement: The datasets in the current study are
available from the corresponding author on reasonable request at
colorectum@163.com.

Le Luo, Department of Radiation Oncology, Tumor Hospital,
Xiangya School of Medicine of Central South University,
Changsha 410013, Hunan Province, China

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Yun-Feng Zhang, Longgang District Peoples Hospital of
Shenzhen, Shenzhen 518172, Guangdong Province, China
Hou-Wei Xu, Cancer Center of Guangzhou Medical University,
Guangzhou 510182, Guangdong Province, China
Author contributions: Lin JB, Zhang L, Wu DW and Xi ZH
designed the research; Wang XJ, Lin YS, Tian JR and Guo A

WJG|www.wjgnet.com

1891

March 14, 2017|Volume 23|Issue 10|

Lin JB et al . EORTC QLQ-CR29 validation in Chinese patients
Manuscript source: Unsolicited manuscript

Core tip: This is the first study to examine the reliability
and validity of the Chinese version of the EORTC QLQCR29 in patients with colorectal cancer in mainland
China. The EORTC QLQ-CR29 exhibits high validity
and reliability in Chinese patients with crc, and can
therefore be recommended as a valuable tool for the
assessment of quality of life in these patients.

Correspondence to: Yi-xiong Lei, PhD, School of Public
Health, Guangzhou Medical University, Xinzao, Panyu District,
Guangzhou 511436, Guangdong Province,
China. colorectum@163.com
Telephone: +86-755-84802448
Fax: +86-755-84816979
Received: December 11, 2016
Peer-review started: December 12, 2016
First decision: December 29, 2016
Revised: January 19, 2017
Accepted: February 16, 2017
Article in press: February 17, 2017
Published online: March 14, 2017

Lin JB, Zhang L, Wu DW, Xi ZH, Wang XJ, Lin YS, Fujiwara
W, Tian JR, Wang M, Peng P, Guo A, Yang Z, Luo L, Jiang LY,
Li QQ, Zhang XY, Zhang YF, Xu HW, Yang B, Li XL, Lei YX.
Validation of the chinese version of the EORTC QLQ-CR29
in patients with colorectal cancer. World J Gastroenterol 2017;
23(10): 1891-1898 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i10/1891.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1891

Abstract
AIM
To assess the validity and reliability of the European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-Colorectal Cancer 29
(EORTC QLQ-CR29) in Chinese patients with colorectal
cancer (crc).

INTRODUCTION
Colorectal cancer (crc) is the third most common
cancer and the fourth leading cause of cancer death
worldwide. According to the latest data, almost 1.4
million people were diagnosed with crc and 700000
[1]
people died of CRC worldwide in 2012 . Moreover, the
number of newly diagnosed crc patients in China in
2012 was estimated to be 331 300, which accounted
[2]
for approximately 24% of all cases in the world .
Therefore, it is important to prolong the lives of CRC
patients and improve their quality of life.
The EORTC QLQ-CR29 questionnaire was developed
by the European Organization for Research and
Treatment of Cancer (EORTC) to evaluate the quality
of life in crc patients. It has already been validated in
[3-8]
Holland, Spain, Poland and several other countries .
However, the dietary and cultural differences between
China and Western countries may lead to diffe
rent interpretations of quality of life. Therefore, it
is essential to test the reliability and validity of the
Chinese version of the EORTC QLQ-CR29 in patients
with crc, which has never been done in mainland
China.

METHODS
From March 2014 to January 2015, 356 patients
with crc from four different hospitals in China were
enrolled in the study, and all patients self-administered
the EORTC QLQ-CR29 and the quality of life core
questionnaire (EORTC QLQ-C30). Evaluation of the
scores was based on the Karnofsky Performance Scale
(KPS). The reliability and validity of the questionnaires
were assessed by Cronbach’s α coefficient, the
Spearman correlation test and Wilcoxon rank sum test.
RESULTS
The EORTC QLQ-CR29 showed satisfactory reliability (α
> 0.7), although the urinary frequency and blood and
mucus in stool dimensions had only moderate reliability
(α = 0.608). The multitrait scaling analyses showed
good convergent (r > 0.4) and discriminant validity.
Significant differences were obtained for each item in
the different KPS subgroups (KPS ≤ 80; KPS > 80).
Body image and most single-item dimensions showed
statistically significant differences in patients with a
stoma compared with the rest of the patients.

MATERIALS AND METHODS
Patients

A total of 356 patients with crc in the Third Xiangya
Hospital of Central South University, the Affiliated
Tumor Hospital of Central South University, the
Longgang Central Hospital of Shenzhen, and the
Affiliated Tumor Hospital of Guangzhou Medical
University were recruited between March 2014 and
January 2015. Patients were included in the study if
they were older than 18 years and had histological
confirmation of colon or rectal cancer. Patients who
had complications or who had been diagnosed with a
cognitive disorder or psychonosema were excluded.

CONCLUSION
The EORTC QLQ-CR29 exhibits high validity and
reliability in Chinese patients with crc, and can
therefore be recommended as a valuable tool for the
assessment of quality of life in these patients.
Key words: Colorectal cancer; Health-related quality of
life; EORTC QLQ-CR29; mainland China
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Karnofsky performance scale

All participants completed the Chinese version of the
EORTC QLQ-C30 and EORTC QLQ-CR29 during the
11-mo recruitment period.

The Karnofsky performance scale (KPS) was deter
mined by physicians according to the condition of the
patient with respect to illness, self-care ability and
daily activities. The total score of 100 was graded by
10 and the higher the score, the better the patient’s
[17,18]
health
.

Instruments

EORTC QLQ-C30: The EORTC QLQ-C30 is the core
questionnaire designed by the European Organization
for Research and Treatment of Cancer, and has five
functional dimensions: physical functioning (PF), role
functioning (RF), cognitive functioning (CF), emotional
functioning (EF) and social functioning (SF); three
symptom scales: fatigue (FA), pain (PA), and nausea/
vomiting (NV); six single items addressing various
symptoms and perceived financial impact, and a global
health-related quality of life (HRQOL) subscale. Among
the 30 items, 29 have seven possible responses and
are awarded a score of 1 to 7 points according to the
answer; the other has a four-point answer scale: 1,
[9,10]
Not at all; 2, A little; 3, Quite a bit; 4, Very much
.
The reliability and validity of C30 have already been
[11]
verified in China .

Ethics

Approval for this study was obtained from the Ethics
Committees of the four participating hospitals. Before
the investigation, we asked patients to provide a
signed informed consent, and confirmed their consent
to participate in the study to protect their voluntary
participation, right to know, and right of privacy.

Statistical analysis

We selected nurses on duty in the relevant depar
tments as investigators in this study. After training, the
investigators explained and introduced the protocol to
the participants, and obtained basic information and
KPS scores. Each participant completed the EORTC
QLQ-CR29 and EORTC QLQ-C30 independently. Each
scale score was converted based on standard formula,
and the points ranged from 0 points (the worst) to 100
points (best).
All data were analyzed using SPSS17.0 software.
Numbers (percentages) were used to describe
numerical data and the mean ± SD was adopted to
describe measured data.
The internal consistency of the questionnaire was
assessed using Cronbach’s α coefficient (α > 0.7 was
considered acceptable).
Multitrait scaling analysis was used to assess the
module structure. The convergent validity of each
item was determined by calculating the correlation
between each item and its own dimension (r > 0.40
was considered acceptable). For discriminant validity,
we expected the correlation between each item and
its own dimension to be greater than the correlation
between the item and the other dimensions.
Correlations between all of the EORTC QLQ-CR29
and the EORTC QLQ-C30 areas were calculated based
on the Spearman correlation coefficient (r > 0.4 was
considered strongly correlated).
Known-groups validity was assessed by making
comparisons between subgroups based on the
presence of a stoma and KPS score (KPS ≤ 80; KPS >
80) using the Wilcoxon rank sum test.
The acceptability was evaluated by the completion
ratio of the questionnaires and the miss rate of each
item.

EORTC QLQ-CR29: The EORTC QLQ-CR29 was
specifically designed by the EORTC QL Group (The
European Organization for Research and Treatment
of Cancer Quality of Life Group) as the QLQ-C30
supplement for the evaluation of HRQOL in crc
patients. This combination has already been widely
[12-14]
used in both clinical and basic research
.
The QLQ-CR29 includes 29 items that evaluate
symptoms (gastrointestinal, urinary, pain and others)
and functional areas (sexual, body image and others)
that are associated with crc and its treatments. There
are separate items for patients with and without a
stoma (items 49 to 54, with item 55 only for patients
with a stoma) and separate items to evaluate the
sexual function of men and women. The questionnaires
ask for all items in the past week except those
pertaining to sexuality, which request the patients to
evaluate the items in the past four weeks. Similar to
the EORTC QLQ-C30, the QLQ-CR29 has a Likert scale
of four response categories (item 48 requires a yes or
[5,8,9]
no answer)
. All patient-rated scores are linearly
converted into a scale from 0 to 100 for both the
[7,15]
QLQ-C30 and QLQ-CR29
.
[16]
According to the EORTC guidelines , two
translators first translated EORTC QLQ-CR29 into
Chinese (Simplified Chinese), then another two
translators translated the Chinese version of the
EORCT QLQ-CR29 into English and compared it with
the original questionnaire to verify whether it fully
reflected the contents of the original questionnaire.
After several amendments, we then selected 20
female and 20 male patients (both male and female
patients included 3 stoma patients) to determine if the
questionnaire was easy to understand. According to
the feedback, we finally developed the Chinese version
of the EORTC QLQ-CR29.
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Patient characteristics and compliance

A total of 356 patients were enrolled in the study and
no one declined the invitation to participate. The study
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dimensions and the single items included in the
CR29 had correlations of 0.004-0.648 with the C30.
Abdominal pain and pain showed a good correlation
(r = 0.648), while the correlation between abdominal
pain and fatigue was 0.411. The correlations between
the anxiety dimension and the four dimensions of the
C30 (role functioning, emotional functioning, social
functioning and financial problems) were all greater
than 0.4. The correlations between the blood and
mucus in the stool dimension and three dimensions
of the C30 (quality of life, pain and diarrhea) were
all greater than 0.4. Seven dimensions (body image,
buttock pain, hair loss, bloating, fecal incontinence,
sore skin and dyspareunia) had correlation coefficients
with nausea/vomiting that were higher than 0.4, and
the correlations between the stool frequency and
diarrhea as well as taste and appetite loss were also
greater than 0.4 (Table 3).

Table 1 Sociodemographic and clinical characteristics of the
patients (n = 356) n (%)
Characteristics

1

No. of patients

Age (yr, mean ± SD)
Sex
Male
Female
Educational status
Junior high school
Senior high school
University
Postgraduate and above
Marital status
Single
Married
Divorced
Employment
Yes
No
Location of tumor
Colon
Rectum
Both
Metastasis
Yes
No
Unknown
Time from first diagnosis (wk) Median
(interquartile range)

54.5 ± 13.5
3412
213 (62.5)
128 (37.5)
3412
182 (53.4)
107 (31.4)
47 (13.8)
5 (1.5)
3402
5 (1.5)
334 (98.2)
1 (0.3)
3432
268 (78.1)
75 (21.9)
3422
193 (56.4)
147 (43.0)
2 (0.6)
3432
102 (29.7)
215 (62.7)
26 (7.6)
16.0 (33.8)

Known-groups validity: The differences between
the CR29 and C30 scores are shown in Table 4,
where the data are grouped based on the clinical
parameters. In addition to items such as abdominal
pain, dry mouth and stoma care problems (0.059,
0.170, and 0.941) and dimensions such as urinary
frequency and body image (0.098 and 0.589), other
areas in subgroups divided by the KPS scores (KPS
≤ 80; KPS > 80) also showed statistical significance
(P < 0.05). As for patients with or without a stoma,
body image and most single-item dimensions from
the CR29 and only role, social as well as nausea and
vomiting dimensions from the C30 showed statistically
significant differences.

1

All percentages are valid; 2There are missing data.

group included 213 men and 128 women with an
average age of 54.5 (±13.5) years. Of the participants,
193 patients had colon cancer, 147 patients had rectal
cancer and three had both colon and rectal cancer, and
102 patients had metastasis (Table 1).

Acceptability

Reliability

In the survey, 285 of 356 patients (80.1%) completed
the EORTC (C30 and CR29) questionnaires, and a total
of 265 patients (74.4%) completed the basic status
questionnaire and the measurement questionnaires.
The lowest response rates were associated with
sexual problems, with a miss rate of 3.4% (12 cases).
Overall, the questionnaire completion rate was higher
than 90%, which shows that over 90% of the items
were answered.

Internal consistency: Reliability was assessed using
Cronbach’s α coefficient. The correlations between the
items showed that the body image and stool frequency
dimensions had high reliability (α > 0.7), while the
urinary frequency and blood and mucus in the stool
dimensions had lower, but still moderate reliability
(0.608 and 0.641). Except for the urinary frequency
dimension (0.608 with vs 0.363 without), the reliability
of other dimensions in patients without a stoma was
higher than that in patients with a stoma (Table 2).

DISCUSSION

Validity

Due to improvements in curative therapy, doctors
have started to pay more attention to HRQOL in crc
[13,19-23]
patients
. In this study, we selected the EORTC
QLQ-CR29 and EORTC QLQ-C30, and examined
their reliability, validity, and acceptability in terms of
assessing the quality of life in patients with crc in
mainland China. The overall goal of the study was to
determine the feasibility of these instruments in the
clinical setting in China.
The analysis of internal consistency showed that,
regardless of whether a stoma was present, Cronbach’

Multitrait scaling analyses: The correlations
between all dimensions and their sub-items were
higher than 0.4. In addition to the finding that the
correlation between item 28 for the patients with a
stoma and blood and mucus in stool dimension was 1,
the correlations between other dimensions and their
sub-items were all greater than their correlations with
other items (Table 2).
Correlations with the EORTC QLQ-C30: The
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Table 2 Item convergent and discriminant validity for the EORTC QLQ-CR29 scales, and for patients with and without a stoma
1

Total sample (n = 354)

QLQ-CR29 scales
Urinary frequency
Blood or mucus in stools
Stool frequency
Body image

Without a stoma (n = 298)

With a stoma (n = 56)

Convergent

Discriminant

α

Convergent

Discriminant

α

Convergent

Discriminant

α

0.589-0.923
0.794-0.886
0.689-0.965
0.628-0.826

0.004-0.306
0.004-0.712
0.003-0.641
0.060-0.405

0.406
0.641
0.679
0.715

0.588-0.924
0.790-0.891
0.696-0.967
0.614-0.839

0.002-0.321
0.002-0.738
0.001-0.669
0.039-0.422

0.363
0.638
0.716
0.718

0.587-0.919
0.815-0.829
0.645-0.957
0.703-0.792

0.017-0.333
0.037-1.000
0.003-0.389
0.004-0.504

0.608
0.632
0.423
0.676

1

Two are missing.

Table 3 Correlations between the EORTC QLQ-CR29 and the QLQ-C30
EORTC-QLQ-C30
CR29 scales
Urinary
frequency
Blood and
mucus in stool
Stool frequency
Body image
CR29 single
items
Urinary
incontinence
Dysuria
Abdominal
pain
Buttock pain
Bloating
Dry mouth
Hair loss
Taste
Anxiety
Weight
Flatulence
Fecal
incontinence
Sore skin
Embarrassment
Stoma care
problems
Sexual interest
(men)
Impotence
Sexual interest
(women)
Dyspareunia

QOL

PF

RF

EF

CF

SF

FA

NV

PA

DY

SL

AP

CO

DI

FI

0.004

-0.071

-0.111a

-0.083

-0.163b

-0.159b

0.107a

-0.130a

-0.033

-0.046

0.061

0.023

-0.131a

-0.022

0.063

-0.412b

-0.320b

-0.074

-0.091

-0.166b

0.077

0.296b

0.383b

0.451b

0.166b

0.190b

0.120a

0.321b

0.526b

-0.141a

-0.322b
0.254b

-0.236b
0.179b

-0.075
-0.052

-0.132a
0.051

-0.115a
0.100

-0.026
-0.172b

0.268b
-0.303b

0.340b
-0.485b

0.349b
-0.363b

0.212b
-0.251b

0.188b
-0.185b

0.120a
-0.279b

0.247b
-0.240b

0.492b
-0.224b

-0.113a
0.132a

0.084

0.040

0.237b

0.203b

-0.071

0.171b

-0.038

0.270b

0.125a

0.311b

0.080

0.040

0.135a

0.139b

-0.291b

0.032
-0.357b

0.101
-0.399b

0.223b
-0.149b

0.210b
-0.086

-0.185b
-0.245b

0.288b
0.097

0.053
0.411b

0.330b
0.342b

0.272b
0.648b

0.296b
0.321b

0.133a
0.307b

0.003
0.241b

0.279b
0.375b

0.158b
0.381b

-0.294b
-0.118a

-0.114a
-0.261b
-0.117a
-0.112a
-0.218b
-0.233b
-0.217b
-0.057
-0.017

-0.105
-0.233b
-0.074
-0.085
-0.238b
-0.147b
-0.266b
-0.094
-0.032

0.129a
-0.277b
0.181b
0.167b
-0.214b
-0.425b
-0.346b
0.170b
0.275b

0.056
-0.302b
0.120a
0.037
-0.278b
-0.547b
-0.371b
0.039
0.218b

-0.138a
-0.129a
-0.104
-0.131a
-0.222b
-0.033
-0.175b
-0.115a
-0.129a

0.271b
-0.206b
0.216b
0.222b
-0.107a
-0.412b
-0.244b
0.159b
0.320b

0.131a
0.213b
0.152b
0.184b
0.266b
0.150b
0.287b
0.092
0.049

0.487b
0.080
0.321b
0.486b
0.137a
-0.272b
0.042
0.433b
0.447b

0.343b
0.240b
0.262b
0.286b
0.102
-0.103
0.103
0.206b
0.284b

0.224b
0.130a
0.358b
0.276b
0.088
-0.095
0.026
0.180b
0.252b

0.178b
0.221b
0.134a
0.108a
0.294b
0.011
0.202b
0.106a
0.163b

0.139b
0.183b
0.110a
0.127a
0.459b
0.134a
0.287b
0.180b
0.055

0.278b
0.207b
0.218b
0.232b
0.013
-0.089
0.005
0.200b
0.229b

0.160b
0.252b
0.122a
0.155b
0.163b
0.066
0.184b
0.236b
0.257b

-0.273b
0.125a
-0.163b
-0.200b
0.083
0.449b
0.306b
-0.166b
-0.350b

-0.052
-0.049
-0.184

-0.132a
-0.041
0.210

0.208b
0.200b
0.224

0.170b
0.085
-0.254

-0.094
-0.019
0.044

0.296b
0.209b
0.064

0.081
0.036
-0.025

0.497b
0.317b
0.019

0.205b
0.167b
-0.033

0.130a
-0.006
-0.265

0.160b
0.027
-0.059

0.123a
0.059
0.007

0.106a
0.070
-0.161

0.194b
0.088
0.073

-0.271b
-0.209b
0.175

-0.108

-0.177a

-0.051

0.041

-0.276b

-0.184b

0.142a

-0.089

0.051

0.119

0.112

0.004

-0.010

0.039

0.092

-0.026
-0.319b

-0.102
-0.213a

0.189b
-0.092

0.177a
0.030

-0.212b
-0.386b

0.243b
-0.006

0.105
0.091

0.242b
-0.099

0.082
0.044

0.155a
0.194

0.175a
0.270b

0.157a
0.056

0.069
0.176

0.093
-0.010

-0.256b
0.215a

0.026

0.003

0.213b

0.322b

-0.129

0.258b

-0.094

0.423b

0.185

0.227a

0.005

0.090

0.312b

0.117

-0.193

a

P < 0.05, bP < 0.01, EORTC QLQ-CR29 vs the QLQ-C30. QOL: Quality of life; PF: Physical functioning; RF: Role functioning; EF: Emotional functioning;
CF: Cognitive functioning; SF: Social functioning; FA: Fatigue; NV: Nausea/vomiting; PA: Pain; DY: Dyspnea; SL: Insomnia; AP: Appetite loss; CO:
Constipation; DI: Diarrhea; FI: Financial problems.

s α coefficient in each dimension was satisfactory
or near-satisfactory. In the original EORTC study,
Cronbach’s α coefficients were greater than or
[9]
almost equal to 0.7 . Our data mainly showed lower
Cronbach’s α coefficients than those in a similar
[8]
study by Nowak et al , particularly in the urinary
frequency dimension (0.363-0.608). Of note, in the
[5]
[8]
studies by Arraras et al , Nowak et al and Arraras
[24]
Urdaniz et al , Cronbach’s α coefficients below 0.7
were also obtained for the abdominal pain and blood
and mucus in the stool dimensions. The differences

WJG|www.wjgnet.com

between our findings and those of previous studies
may be due to differences in the perceptions of quality
of life in patients from different regions; however,
the differences were still in the acceptable range. In
addition, the reliability of the dimensions related to
body image and stool frequency in patients without a
stoma was higher than that in patients with a stoma,
which is different from the studies reported by Nowak
[8]
[9]
et al and Whistance et al .
In agreement with the results reported by
Whistance, the correlations between the EORTC
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Table 4 Known group comparisons: scales and items in the QLQ-C30 and CR29 for clinically distinct groups

CR29 scales
Urinary frequency
Blood and mucus in stool
Stool frequency
Body image
CR29 single items
Urinary incontinence
Dysuria
Abdominal pain
Buttock pain
Bloating
Dry mouth
Hair loss
Taste
Anxiety
Weight
Flatulence
Fecal incontinence
Sore skin
Embarrassment
Stoma care problems
Sexual interest (men)
Impotence
Sexual interest (women)
Dyspareunia
QLQ-C30 scales
Physical
Role
Emotional
Cognitive
Social
Overall quality of life
Fatigue
Nausea and vomiting
Pain

Stoma (n = 56)

No stoma (n =
298)

6.5 ± 14.5
18.9 ± 25.9
8.0 ± 13.2
81.7 ± 18.9

6.1 ± 13.5
10.3 ± 16.3
8.4 ± 14.8
88.6 ± 14.7

7.7 ± 4.2
7.7 ± 16.8
11.9 ± 21.5
10.7 ± 15.7
16.1 ± 16.8
11.9 ± 17.3
14.3 ± 18.9
15.5 ± 22.9
31.0 ± 31.0
22.6 ± 21.2
14.3 ± 17.8
15.5 ± 20.1
26.2 ± 23.5
25.0 ± 20.4
/
74.4 ± 23.5
9.4 ± 17.0
81.0 ± 17.8
9.5 ± 16.3
85.5 ± 12.4
84.8 ± 17.2
80.5 ± 17.7
79.5 ± 20.5
60.0 ± 22.4
67.9 ± 21.4
18.8 ± 18.2
11.6 ± 13.8
13.0 ± 16.6

P value1

P value1

KPS ≤ 80
(n = 162)

KPS > 80
(n = 177)

0.856
0.160
0.960
0.004

6.7 ± 12.3
13.8 ± 19.7
11.2 ± 18.2
87.7 ± 17.7

5.8 ± 14.9
7.3 ± 12.7
5.1 ± 9.6
89.0 ± 11.9

0.098
0.019
0.017
0.589

1.6 ± 7.1
5.4 ± 12.3
12.0 ± 18.7
5.4 ± 13.2
20.9 ± 21.4
7.2 ± 15.1
9.6 ± 16.6
23.8 ± 21.7
44.6 ± 23.7
44.6 ± 23.7
5.0 ± 13.4
4.4 ± 11.9
3.1 ± 10.1
2.3 ± 8.4
/
69.8 ± 25.5
8.5 ± 20.2
77.1 ± 22.5
4.3 ± 14.1

< 0.001
0.444
0.651
0.005
0.183
0.025
0.058
0.002
< 0.001
0.032
< 0.001
< 0.001
< 0.001
< 0.001
/
0.333
0.364
0.749
0.172

0.8 ± 0.7
3.2 ± 11.2
13.5 ± 21.0
2.5 ± 8.8
25.2 ± 23.9
6.0 ± 14.4
7.7 ± 17.2
26.0 ± 25.0
52.1 ± 22.6
32.3 ± 19.9
4.5 ± 14.6
2.5 ± 10.2
3.5 ± 12.7
4.1 ± 12.8
18.8 ± 20.8
76.3 ± 22.8
6.5 ± 19.2
83.7 ± 16.8
2.7 ± 15.0

4.2 ± 11.1
8.0 ± 14.7
9.0 ± 16.1
9.0 ± 16.1
15.0 ± 16.6
8.0 ± 15.1
11.1 ± 16.2
18.8 ± 18.4
35.1 ± 24.1
21.6 ± 16.8
7.0 ± 13.6
8.0 ± 15.1
9.7 ± 17.5
7.1 ± 14.6
19.8 ± 25.2
66.0 ± 26.0
10.7 ± 19.9
71.2 ± 25.0
6.5 ± 13.4

0.001
< 0.001
0.059
< 0.001
< 0.001
0.170
0.010
0.015
< 0.001
< 0.001
0.012
< 0.001
< 0.001
0.019
0.941
0.020
0.021
0.005
0.012

82.9 ± 16.5
69.4 ± 20.6
74.4 ± 14.0
80.7 ± 20.0
45.7 ± 25.5
67.8 ± 17.4
22.8 ± 19.9
6.1 ± 14.4
12.0 ± 17.3

0.335
< 0.001
0.001
0.397
< 0.001
0.636
0.108
< 0.001
0.427

77.6 ± 18.3
61.7 ± 20.6
69.3 ± 14.4
75.4 ± 34.9
38.5 ± 24.9
59.5 ± 16.5
30.5 ± 20.3
4.7 ± 15.7
13.3 ± 19.1

89.4 ± 10.7
81.2 ± 16.4
81.2 ± 11.9
85.9 ± 14.6
55.7 ± 23.5
76.4 ± 14.4
13.2 ± 13.8
8.1 ± 12.5
9.4 ± 13.8

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.211

1

Wilcoxon rank sum test.

QLQ-CR29 items and their dimensions were greater
than the correlation coefficients of other dimensions,
suggesting that the EORTC QLQ-CR29 has great
[9]
convergent validity and discriminant validity . Item
28 was examined only in females. In this subgroup,
there were 10 women, five of whom answered one
survey, while the other five answered two surveys.
The correlation coefficient between item 28 in the
stoma group and the presence of blood and mucus in
the stool was 1, probably due to the small number of
cases in the sample. A similar finding was noted in the
[5]
study by Arraras et al .
The correlation coefficients between the EORTC
QLQ-CR29 and EORTC QLQ-C30 scales showed that
similar dimensions of QLQ had high correlations, while
unrelated dimensions were only weakly correlated,
demonstrating the validity of the QLQ-CR29 and
indicating that the two questionnaires had different
points of emphasis.
A comparison of the results showed that there
were different QLQ-CR29 dimension scores among
the groups divided by the KPS scores (KPS ≤ 80;

WJG|www.wjgnet.com

KPS > 80) and whether the patients had a stoma
or not, which signified that the QLQ-CR29 had good
clinical validity and can be used to measure different
patients with different conditions. These results are
consistent with those reported by Whistance and
[5,8,9]
other foreign validity tests
. In addition, this study
showed that patients with a KPS > 80 had higher
scores in functional dimensions, but lower scores in
the symptom dimensions, and those patients with
a KPS ≤ 80 had a poorer quality of life. Statistically
significant differences existed in numerous dimensions
in groups divided by the KPS score (e.g., stool
frequency, p = 0.017). Due to the impact of disease or
treatment, sexual function in patients was significantly
inhibited, similar to the findings in previous reports
[5,6,24]
[25]
by other groups
. The studies by Song et al
[26]
and Peng et al
revealed that treatment of crc may
lead to impotence. However, this was not found in our
study, probably because different countries perform
different types of surgery, which result in different
types of complications. In addition, compared with
patients with a stoma, patients without a stoma had
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lower scores in the symptom dimensions, and higher
scores in the functional dimensions, which indicated
better quality of life. Moreover, in our study, the scope
of the scores was wide in each dimension of the
questionnaire, indicating that the Chinese version of
the CR29 had good clinical validity.
People of different cultures often have a different
understanding of quality of life. After adequate
translation, the EORTC QLQ-CR29 was also proved
to be suitable for Chinese patients. When Arraras
performed research on a Spanish version of the survey,
4.7% of patients considered some of the items in the
questionnaire to be difficult to understand or answer, or
[5]
unrelated to quality of life . In our study, few patients
had such problems and there was a high compliance
rate (with a low miss rate), both of which indicate that
the Chinese version of the EORTC QLQ-CR29 had great
acceptability. Compared with the studies by Arraras
[5]
[9]
et al and Whistance et al , the sexual dimension in
our study had a higher miss rate (2.9% and 2.3% vs
3.4%). This may be due to the fact that Asians are
more reticent when talking about sex than Western
patients, and were not willing to tell the truth to
[26]
doctors . In order to address this problem and obtain
a more accurate and comprehensive evaluation, a
more detailed explanation from medical professionals
is required when patients complete the questionnaire.
There are a few limitations in our study. Firstly, the
subgroups were only segregated by the score on the
Karnofsky Performance Scale, the presence of a stoma
had more clinical significance than previously thought,
and increased bias should not be ignored. In addition,
the representativeness of our study should be treated
cautiously due to the deficiency of larger cross-regional
multicenter studies in mainland China. To obtain more
rigorous results, we will pay more attention to these
limitations in future studies.
In conclusion, the present study showed that the
EORT QLQ-C29 (Chinese version) is a valid and reliable
instrument for assessing the quality of life of patients
with crc in mainland China.

In the past few decades, advances in medical technology have made it possible
for crc patients to live longer. More attention has been paid to the quality of
life of these patients; thus, questionnaires that can accurately assess quality of
life have been developed, of which the series of EORTC questionnaires play
very important roles. The EORTC developed sub-questionnaires, including the
core questionnaire QLQ-C30 for all cancers, the BR-23 for breast cancer, the
CX-24 for cervical cancer and the CR-29 for crc.

Applications

Due to improvements in curative therapy, doctors have started to pay more
attention to health-related quality of life in crc patients. In this study, the
authors selected the EORTC QLQ-CR29 and EORTC QLQ-C30 and examined
their reliability, validity, and acceptability in terms of assessing the quality of life
in patients with crc in mainland China. The overall goal of the study was to
determine the feasibility of these instruments in the clinical setting in China.

Terminology

The EORTC QLQ-C30 is the core questionnaire designed by the European
Organization for Research and Treatment of Cancer, which can be used for
all types of cancer. Based on the QLQ-C30, the EORTC QLQ-CR29 was
specifically designed by the EORTC QL Group (The European Organization
for Research and Treatment of Cancer Quality of Life Group) as a QLQ-C30
supplement for the evaluation of health-related quality of life in crc patients.

Peer-review

By now, available papers have shown the EORTC QLQ-C30 combined the
EORTC QLQ-CR29 can assess the quality of life of patients with crc in
Spanish, Polish and Malaysia. And this combination has already been widely
used in both clinical and basic research.
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Abstract
AIM
To review microbiome alterations associated with
pancreatic cancer, its potential utility in diagnostics, risk
assessment, and influence on disease outcomes.
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METHODS
A comprehensive literature review was conducted by allinclusive topic review from PubMed, MEDLINE, and Web
of Science. The last search was performed in October
2016.
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RESULTS
Diverse microbiome alterations exist among several
body sites including oral, gut, and pancreatic tissue, in
patients with pancreatic cancer compared to healthy
populations.
CONCLUSION
Pilot study successes in non-invasive screening
strategies warrant further investigation for future
translational application in early diagnostics and to learn
modifiable risk factors relevant to disease prevention.
Pre-clinical investigations exist in other tumor types that
suggest microbiome manipulation provides opportunity
to favorably transform cancer response to existing
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Science for medical search terms: “pancreatic cancer”
and “microbiome,” “carcinogenesis,” antibiotic,”
“probiotic,” “microorganism,” “bacteria,” “colonization,”
“cachexia,” or “infection.” The relevant articles reference
lists were also searched manually for additional articles.
The last search was performed in October 2016.
Selection criteria: Manuscripts and abstracts
describing pre-clinical studies, animal models,
epidemiological studies, case series, case-control,
retrospective chart reviews, prospective studies,
pilot, meta-analysis, and literature topic reviews were
included. There were no randomized clinical trials
identified from these search terms. Articles were limited
to abstract and manuscript publications in the English
written language.

treatment protocols and improve survival.
Key words: Pancreatic Cancer; Human microbiome;
Biomarkers, cancer; Cancer screening tests; Treatment
effectiveness
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent literature reports influences of
microbiome alterations contributing to carcinogenesis
of pancreatic cancer. The poor prognostics of pan
creatic cancer are related to late recognition and
treatment resistance, thus warranting investigations
for modifiable risk factors, early screening biomarkers,
and microenvironment elements that affect outcomes.
Learning the role of microbiome in carcinogenesis may
lead to identifying reliable, non-invasive screening
strategies, and additional modifiable risk factors.
Microbiome studies in pancreatic cancer could offer
therapeutic targets and an extraordinary opportunity
to favorably transform cancer response to existing
treatment protocols and improve survival by reduction
of cancer-related cachexia by manipulating human gut
microbiota.

RESULTS
Characterization of the healthy microbiome spectrum
is ongoing. In 2012, the NIH Human Microbiome
[3]
Project , demonstrated no microbial taxa were
universally present across all humans in a single
body site. The oral cavity contains an extensive
reservoir of bacteria with more than 700 species
observed, most of which have not been cultured in a
[15,16]
laboratory
. Healthy oral habitats are dominated by
Streptococcus, followed by Haemophilus in the buccal
mucosa, Actinomyces in the supragingival plaque,
and Prevotella in adjacent, low-oxygen subgingival
[3]
region .

Ertz-Archambault N, Keim P, Von Hoff D. Microbiome and
pancreatic cancer: A comprehensive topic review of literature.
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Oral microbiome and pancreatic cancer

Alterations in the ecological balance of the microbiome
exist during diseased oral cavity states including
gingivitis and periodontal disease compared to
[16-20]
a healthy oral cavity
. Periodontal disease,
manifested by an inflamed oral activity, pathogenic
oral flora, and tooth loss are well-established
independent risk factors associated with development
[21-23]
of pancreatic cancer
. Therefore, the shifts in taxa
dominance and diversity of bacterial communities
that deviate from an established healthy microbiome
[2,3]
may be reflective of disease states . Pilot studies
have proposed a role in oral pathogenic bacteria in
periodontal disease as an early screening test and
[12,24,25]
as a biomarker of pancreatic cancer
. Several
dedicated studies have aimed to define microbiome
changes in the oral cavity associated with pancreatic
cancer, results are summarized in Table 1.

INTRODUCTION
A commensal microbiome, by definition maintains a
symbiotic relationship in healthy individuals, offering
protection from disease by nutritive, inflammatorymodulating activity, hormonal homeostasis, detoxifi
[1-3]
cation, and metabolic effects of bacterial metabolites .
Dysbiosis is the manifestation of a corrupt, imbalanced
microbiome, which contributes to pathogenesis of several
[2]
diseased states . Recently, there are literature reports
on influences of microbiome alteration contributing to
[1,2,4-6]
carcinogenesis of multiple malignancies
. A classic
pathogen in the literature is Helicobacter pylori (H.
pylori), which has revealed inconsistent and paradoxical
[7,8]
associations pending the body site studied . H. pylori
has been extensively scrutinized as a risk factor for
development of pancreatic cancer and an association
[9-12]
is controversial
. Pancreatic cancer often denotes a
poor clinical prognosis in part due to late recognition
and treatment resistance, warranting investigations for
modifiable risk factors, early screening biomarkers, and
[13,14]
microenvironment elements that affect outcomes
.

Oral microbiome and pancreatic cancer summary

Oral flora alterations exist in pancreatic cancer patients
compared to healthy populations. Salivary RNA
studies reveal bacteroides genus and Granulicatella
adiacens are more common in pancreatic cancer
[12,24]
patients than healthy subjects
. However, Neisseria
elongata, Streptococcus mitis, Corynebacterium
genus, and the Aggregatibacter genus are present
in lower concentrations in pancreatic cancer than

MATERIALS AND METHODS
Search methods: PubMed, MEDLINE, and Web of
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Table 1 Oral microbiome and pancreatic cancer
Ref.

Study design Case Control
No.
No.

Michaud et al[18], Prospective
2013,
Western Europe

405

416

Detection

Bacteria association

Outcome

Author conclusion

Porphyromonas gingivalis
ATTC 53978

High titer P. gingivalis
(IgG > 200 ng/mL)
OR 2.14
P = 0.05
OR = 0.55
95%CI: 0.36-0.83

Two fold increase in pancreatic
cancer among individuals with
high titer P. gingivalis

Method
Plasma IgG

High titer, commensal
bacteria

Farrell et al[12],
2012,
United States

Case-control

28

28

Salivary
qPCR,
Microarray

Pilot

13

12

Salivary
rRNA

Torres et al[25],
2015
United States

Crosssectional

8

22

Salivary
rRNA, PCR

Fan et al[26],
2016
United States

Nested Case
control

361

371

Salivary
rRNA gene
sequencing

Lin et al[24], 2013,
United States

45% lower risk of pancreatic cancer
compared to individuals with
lower antibody levels
Neisseria elongata and
N. elongata and S. mitis
N. elongate and S. mitis
Streptococcus mitis
significantly decreased
combination ROC plot AUC
ROC-plot AUC 0.90;
0.90 serves as 96% sensitive, 82%
95%CI: 0.78-0.96, P < 0.0001 specific biomarker for pancreatic
Granulicatella adiacens
G. adiacens
ca vs. healthy subjects
Significantly elevated
compared to healthy control
Bacteroides genus
More common pancreatic
Oral flora alterations in
cancer patient vs healthy
microbiome in pancreatic cancer
subjects
exist compared to healthy
P = 0.002
individuals
Corynebacterium genus
Less common in pancreatic
Aggregatibacter genus
cancer vs healthy subjects P
= 0.033 and 0.019
Higher Leptotrichia and
Lepotrichia:Porphyromonas
L:P ratio may be reliable
lower Porphyromonas
ratio elevated in pancreatic biomarker for pancreatic cancer
colonization
cancer vs healthy control P
diagnosis
= 0.001
Oral pathogens
P. gingivalis
Presence of oral pathogens are
P. gingivalis,
AOR = 1.60
related to subsequent increased
A. actinomycetemcomitans
(95%CI: 1.15-2.22)
risk of pancreatic cancer. On
A. actinomycetes
contrary, Fusobacteria and
OR = 2.20
Leptotrichia are associated with
(95%CI: 1.16-4.18)
dose or concentration dependent
Fusobacteria and Leptotrichia
Fusobacteria
decrease risk of pancreatic cancer
decreased risk
OR per percent increase of
relative
Abundance
OR = 0.94
(95%CI: 0.89-0.99)
Lepotrichia
OR = 0.87
(95%CI: 0.79-0.95)

[12,24]

healthy subjects
. Combining salivary RNA
biomarkers for N. elongata and S. mitis yielded an
ROC-plot AUC value of 0.90 with 96.4% sensitivity
and 82.1% specificity in distinguishing patients with
[12]
pancreatic cancer from healthy subjects . A cross[25]
sectional study identified of a significantly higher
Leptotrichia and lower Porphyromonas colonization
in pancreatic cancer patient saliva, translating to an
Leptotrichia:Porphyromonas (L:P) ratio of biomarker
significance. In this same study, a patient classified
with an unknown digestive disease presented with
an elevated L:P ratio that led to dedicated workup
[25]
revealing a new diagnosis of pancreatic cancer . Pilot
successes deserve further exploration into utilizing
salivary markers as potentially valuable non-invasive,
economical screening strategies.
Interestingly, the highest concentration of plasma
antibodies to Porphyromonas gingivalis (strain
ATTC 53978), a pathogenic bacteria associated
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with periodontal disease, was linked with a 2-fold
[18]
increased risk of pancreatic cancer . The association
was amplified over time, with the addition of 5 or 7
[18]
year lag . Similar to case control studies of saliva
samples revealing oral pathogens, P. gingivalis and A.
actinomycetemcomitans are associated with increased
risk for subsequent development of pancreatic
[26]
cancer . This finding is consistent with epidemiologic
data that periodontal disease is an independent risk
[20,23,27]
factor for pancreatic cancer development
.
Alternatively, high antibody titers against nonpathogenic, commensal bacteria were associated with
45% decreased risk of pancreatic cancer compared
[18]
to those with a lower antibody level profile .
Similarly Fusobacterium and Lepotrichia are protective
and decreases risk, also in a dose dependent
[26]
relationship . Lactobacillus is a commensal oral cavity
bacterium that diminishes gingival inflammation and
[28]
cariogenic periodontal pathogenic bacteria . Thus,
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[44]

with the clearly established role of periodontal disease
and associated periodontal pathogens for pancreatic
cancer risk profiles, any measures to prevent perio
dontal pathogens may serve protective role to prevent
pancreatic cancer, but has not been studied on this
topic specifically.

in pancreatic controls with benign disease . Among
proposed mechanisms for dissemination may result
from hepatobiliary translocation or hematogenous
[44,46]
seeding
. However, DNA of different Helicobacter
[44]
species is mutually exclusive by sampled site .
For example, Helicobacter identified in the pancreas
compared with Helicobacter of gastroduodenal tissue
of the same patient were different Helicobacter
[44]
subspecies . Thus, dissemination of H. pylori from
the stomach to the pancreas is unlikely, instead a
[44]
subspecies tissue tropism may exist .
Both direct microbe colonization and downstream
proliferative metabolic affects may promote tumorassociated inflammation preserved by low-grade
[6,29,47]
chronic inflammation
. Evidence of this effect
in a pre-clinical study of human a pancreatic cell line
showed H. pylori colonization of a human pancreatic
cell line expressed increased factors for malignant
potential including proliferative factors, NF-kappa-B,
activator protein-1, proflammatory IL-8 activity,
vascular endothelial growth factor secretion, and the
[45]
growth factor promoter, serum response element .
The overall result is activation of molecular pathways
for tumor growth and progression in the setting of H.
[45]
pylori infection .
Fusobacterium is an anaerobic, oral bacterium
that has been identified in pancreatic abscesses and
carries unfavorable prognostic implications in some
[46]
gastrointestinal cancers . To explore a role for
Fusobacterium in pancreatic cancer, surgical specimens
of pancreatic adenocarcinoma were analyzed for
presence of this bacterium. Only 8% of specimens in
[46]
this cohort contained Fusobacterium colonization .
However, pancreatic ductal adenocarcinoma surgical
specimens with presence of Fusobacterium colonization
was identified as an independent predictive factor for
shorter survival compared to Fusobacterium negative
[46]
tumors . The fusobacterium positive sample group
also demonstrated 28% detection of paired normal
[46]
tissue . The presence of Fusobacterium in normal
tissue margin suggests it may contribute to malignant
[46]
potential, but this theory requires further exploration .

H. pylori and pancreatic cancer

There is literature that illustrates a paradoxical nature
of microorganisms relative to by site and tumor
studied. For example, eradication of H. pylori causes
regression of MALT lymphoma and decreases risk of
metachronous gastric carcinoma after endoscopic
[1,29]
resection for early stage gastric cancer
. However,
H. pylori gastric colonization decreases the risk of
oesophageal adenocarcinoma that does not involve
[30]
the gastric cardia . H. pylori is a diverse bacteria
with several virulent strain variations. Among the
best studied are Cytotoxin-associated gene A (Cag-A)
positive strains that express Cag-A virulence factor,
which is linked to gastric inflammation, ulceration,
and promoting malignant transformation in gastric
[31,32]
cancer
. H. pylori and Cag-A dominate microbiome
studies in pancreatic cancer. Study results are variable
[9-11,33-42]
and complex, as is noted in Table 2
.

H. pylori and pancreatic cancer summary

Results from H. pylori case studies in pancreatic cancer
reveals complex mixed results pending virulence strain
cag-A status. Consensus from recent meta-analysis
is that there is a modestly significant increased risk
associated with development of pancreatic cancer for
[9-11,39]
cag-A-negative H. pylori strain
, with positive
correlated adjustment factors including non-O blood
[37,43]
[34,36]
type
and active smoking status
. The general
literature trend summarized in Table 2 is cag-A-positive
strains results in decreased risk or non-significant
association with pancreatic cancer. Notable global
population differences exist as the majority of studies
highlighted in this review are mainly relevant to Western
European or North American ethnic groups. The results
[41]
of one meta-analysis addressing global studies
and
pancreatic cancer risk including two Eastern Asian
population case-cohorts that suggest a decreased risk of
pancreatic cancer risk for H. pylori seropositivity overall,
including Cag-A-positive strains in Eastern Asian ethnic
[41]
region .

DISCUSSION
The oral microbiome has a protective role against pan
creatic cancer in a healthy, commensal state, but may
[1,2,4-6,12,18,24,25]
promote malignancy in a pathologic state
.
Shifts in taxa dominance and diversity of oral bacterial
communities, especially those reflective of periodontal
disease are associated with increased pancreatic
[12,18,24,25]
cancer risk
. This correlates clinically with
periodontal disease status, a validated independent
[21-23]
risk factor for development of pancreatic cancer
.
[18]
Bacterial markers of periodontal disease and shifts in
[12,24,25]
microbial taxa diversity
have promising potential
to serve as non-invasive screening biomarkers of
pancreatic cancer. The evidence is strong enough to

Tissue microbiome and pancreatic cancer

We found three human pancreatic adenocarcinoma
tissue studies dedicated to microbiome alterations or
their effect on the tumor microenvironment (Table
[44-46]
3
).

Tissue microbiome and pancreatic cancer summary

In one case control study, enteric strains of Heli
cobacter DNA were demonstrated to colonize the
pancreas in 75% of adenocarcinoma patients but not
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Table 2 Helicobacter pylori and pancreatic cancer
Ref.

Study Design Case Control
No.
No.

Detection

Bacteria association

Outcome

Author conclusion
H. pylori seropositivity prominent
in pancreatic cancer patients
compared with colorectal cancer
combined with normal controls
Male smokers seropositive for
H. pylori were nearly twice as
likely to develop pancreatic
cancer compared to seronegative.
Stronger influence adjusting for
years of smoking
H. pylori infection is not associated
with development of pancreatic
cancer

Method

Raderer et al[33],
1998, Austria

Case-control

92

27

Plasma IgG
ELISA

H. pylori

OR = 2.1
95%CI: 1.1-4.1
P = 0.035

StolzenbergSolomon et al[34]
2001,
Finland

Nested casecontrol

121

226

Plasma IgG
ELISA

cytotoxin-associated
gene-A (CagA)
virulence factor and
H. pylori

H. pylori
OR = 1.87;
95%CI: 1.05-3.34
CagA+ strains
OR = 2.01;
95%CI: 1.09-3.70

de Martel et al[35],
2008, United States

Nested Casecontrol

104

262

Plasma IgG
ELISA

Lindkvist et al[36],
2008, Sweden

Nested Casecontrol

87

263

Plasma IgG
ELISA

Risch et al[37] 2010,
United States

Case-control

373

690

Plasma IgG
ELISA

Trikudanathan
et al[11], 2011

Meta-analysis

822

1513

Gawin et al[38],
2012,
Poland

Case-control

139

177

meta-analysis
of 6 case
control studies
Plasma
IGg, ELISA,
western blot

Xiao et al[39],
2013

Meta-analysis 1083

1950

meta-analysis
of 9 casecontrol studies

Yu et al[40],
2013, Finland

Case-control

353

multiplex
serology to
4 H. pylori
antigens

353
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H. pylori
OR = 0.85;
95%CI: 0.49-1.48
CagA+
OR = 0.96;
95%CI: 0.48-1.92
H. pylori
H. pylori overall
Adjusted risk for development of
OR = 1.25
pancreatic cancer highly increased
95%CI: 0.75-2.09
in never-smokers seropositive for
H. pylori in Never
H. pylori
smokers
AOR = 3.81
95%CI: 1.06-13.63
cytotoxin-associated CagA negative H. pylori
CagA-negative H. pylori
gene-A (CagA)
non-O blood group
seropositivity is a risk factor
OR = 2.78,
virulence factor and H.
for pancreatic cancer among
95%CI: 1.49-5.20,
pylori
individuals with non–O blood
P = 0.0014;
type
CagA negative H. pylori
O-blood group
OR = 1.28,
95%CI: 0.62-2.64,
P = 0.51
H. pylori
AOR = 1.38,
Significant positive association
95%CI: 1.08-1.75
between the presence of H. pylori
infection and pancreatic cancer.
cytotoxin-associated
H. pylori
No association between
OR = 1.27;
gene-A (CagA)
seropositivity of H. pylori or CagA
95%CI: 0.64-2.61
virulence factor and H.
with development of pancreatic
P = 0.514
pylori
cancer
CagA+
OR = 0.90;
95%CI: 0.46-1.73,
P = 0.744
cytotoxin-associated
H. pylori Overall
Borderline positive association
OR = 1.47
gene-A (CagA)
H. pylori seropositivity overall.
95%CI: 1.22-1.77
virulence factor and H.
Adjusted risk for high quality
Adjusted for “High
pylori
studies revealed a significant,
quality” studies
but modest association. CagA
AOR = 1.28;
virulence seropositivity was not
95%CI: 1.01-1.63
associated with pancreatic cancer
Adjusted for CagA
positive
AOR = 1.47;
95%CI: 0.79-2.57
H. pylori
OR = 0.85;
No association between
95%CI: 0.49 -1.49
seropositivity of H. pylori with
development of pancreatic cancer
cytotoxin-associated
gene-A (CagA)
virulence factor and
H. pylori
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Wang et al[41],
2014

Meta-analysis 2049

2861

Risch et al[42],
2014, Shanghai

Case-control

761

794

Chen et al[9],
2015

Meta-analysis 1446

2236

Schulte et al[10],
2015

Combination
Case-control
and metaanalysis

626

580

Meta-analysis cytotoxin-associated
H. pylori overall
OR = 1.06,
of 9 casegene-A (CagA)
95%CI: 0.74-1.37
control
virulence factor and H.
Eastern Asian Population
studies (2
pylori
H. pylori
non- English
OR = 0.62,
language)
95%CI: 0.49-0.76
Cag-A positive
OR = 0.66,
95%CI: 0.52-0.80
Western European
population
H. pylori
OR = 1.14
95%CI: 0.89-1.40
Cag-A positive
OR = 0.84
95%CI: 0.63-1.04
Plasma IGg,
cytotoxin-associated Cag-A positive H. pylori
AOR = 0.68;
ELISA
gene-A (CagA)
95%CI: 0.54-0.84
virulence factor and H.
Cag-A negative H. pylori
pylori
AOR = 1.28;
95%CI: 0.76-2.13
meta-analysis cytotoxin-associated
of 5 case
gene-A (CagA)
control studies virulence factor and H.
pylori

Overall
OR = 0.99;
95%CI: 0.65-1.50
CagA+
OR = 0.92;
95%CI: 0.65 -1.3
Virulent strain infection
OR = 0.97
95%CI: 0.50-1.89
Nonvirulent infection
OR = 1.47
95%CI: 1.11-1.96
Plasma IGg,
cytotoxin-associated
H. pylori overall
OR = 1.00
ELISA and
gene-A (CagA)
95%CI: 0.74-1.35
meta-analysis virulence factor and H.
Cag-A negative
of 10 casepylori
AOR = 1.23
control studies
95%CI: 0.83-1.82
Cag-A positive
OR = 0.74
95%CI: 0.48-1.15

Decreased pancreas-cancer risk
was seen for CagA positive H.
pylori compared to seronegativity
for both H. pylori and CagA. A
modest increased risk for CagAnegative H. pylori seropositivity
CagA-negative, nonvirulent
strains of H. pylori may be a risk
factor for pancreatic cancer. No
association with seropositivity
for H. pylori infection overall,
nor when adjusted for CagA or
virulent strain infection

No overall association observed
for H. pylori seropositivity and
risk of pancreatic cancer, but
evidence of non-significant CagA
strain-specific associations

[6]

warrant targeted risk reduction strategies in patient
education and modifiable lifestyle counseling regarding
maintenance of oral hygiene.
A directly carcinogenic role for H. pylori has been
explored after discovering enteric strains of Helicobacter
DNA demonstrated to colonize the pancreas in a
majority of sampled pancreatic adenocarcinoma but
[44]
not in patients with benign disease . A preclinical
[45]
study
examined direct H. pylori colonization and
associated activation of molecular pathways for
[45]
tumor growth and progression . These downstream
molecular effects highlight oncogenic potential with
microbiome influence that promotes tumor-associated
inflammation preserved by low-grade chronic inflam
[6,29,47]
mation
. Despite the existence of several
proposed carcinogenic mechanisms of dysbiosis,
inflammation is a central facilitator illustrated in
pancreatic cancer murine models, human cell lines,
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Eastern Asian populations
demonstrate significant decreased
risk pancreatic cancer associated
with H. pylori seropositivity. No
association present in Western
populations

and tumor translational expression profiles .

Future directions

There have been studies that indicate the microbiome
and antibiotics modulate tumor response to
[48,49]
chemotherapy
. Germ-free and antibiotic treated
murine models highlight the protective effect of
commensal bacteria by shaping the inflammatory
network required for favorable response to anti[48]
tumor therapy . In murine models, platinum therapy
eliminated most subcutaneous lymphoma tumors
[48]
and prolonged survival in control mice . However,
antibiotic-treated and germ free mice failed to
respond to platinum-treatment, in part by decreasing
[48]
reactive oxygen species . Similarly, CTLA-4 inhibitor
treated murine models with sarcoma suggest that
gut microbiota, specifically bacteroides subspecies,
are required for the successful anti-tumor effects
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Table 3 Tissue microbiome and pancreatic cancer
Ref.

Study design

Case
sample
size

Detection
method and
sample

Bacteria
association

Nilsson et al[44], Case-control
2006, Sweden

84

H. pylori

Takayama
et al[45], 2007,
Japan

Abstract

-

DNA genus
specific PCR,
surgical
specimen
ELISA and
western blot,
Pre-clinical cell
line

Mitsuhashi
et al[46], 2015,
Japan

Case-control

283

PCR, surgical
specimen

Outcome

Helicobacter DNA detected in
pancreas of 75% patients with
adenocarcinoma, but not detected
in any control
H. pylori
IL-8 and VEGF secretion and
proliferation factors NF-kappa-B,
AP-1, and serum response element
of human pancreatic cells increased
by H. pylori infection
Fusobacterium
Detected in 8.8% cases.
Median cancer-survival (mo)
positive vs negative detection
17.2 vs 32.5 for
log-rank P = 0.021

[49]

of CTLA-4 blockade . Notably, antibiotic and germ
free mice with sarcomas do not respond to CTLA-4
inhibitor at baseline, but recover antitumor activity
with recolonization of gut commensals by human
fecal microbiota transplantation of specific bacteroides
[49]
subspecies . Oral administration of Bifidobacterium
in murine models with melanoma augments the
immune response to tumor cells, in part by dendritic
[49]
cell activation of the innate immune system .
This effect was not observed with administration of
lactobacillus species, suggesting a complex, species
[49]
specific modulation of the immune system in vivo .
The potential to utilize probiotics in humans to
amplify antitumor response to existing chemotherapy
and immunotherapy protocols requires further
[50]
investigation .
Anti-tumor therapy and commensal flora collaborate
in part, by loss of TNF-dependent early tumor necrosis
response, down-regulation of inflammatory cytokines,
phagocytosis, antigen presentation, and adaptive
immune response gene expression controlling tissue
[48]
development and cancer . The loss of commensal
organisms by antibiotics and the possibility of
carcinogenic promoting effects of antibiotics have
been explored. The risk related to pancreatic cancer
seems limited to the penicillin class, especially with
more than five courses, but this risk diminishes over
[51]
time . Macrolides, cephalosporins, tetracyclines,
antivirals, and antifungals were not associated with
[51]
increased risk of pancreatic cancer . The impact of
antibiotics on commensal framework may explain the
need for repeated antibiotic exposures, leading to an
[51]
enduring change in bacterial community diversity .
Murine models demonstrate lactobacillus was among
quickest flora to recover in the gut after antibiotic
therapy. However, the effect of antibiotics on the gut
microbiome is enduring at four weeks after exposure;
the population is deficient, and not reflective of its
[48]
healthy, baseline, pre-antibiotic diversity .
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Author conclusion

Helicobacter DNA, mostly H. pylori
genus, commonly detected in
pancreatic cancer
H. pylori infection of human pancreatic
cells may increase malignant potential
of pancreatic cells

significantly shorter survival observed
in the Fusobacterium species-positive
group

Commensal bacteria offer protection from disease
by inflammatory-modulating activity as above, but
also by hormonal homeostasis, detoxification, and
metabolic effects of bacterial metabolites. For example,
murine models show lactobacilli are consistently
[52]
reduced in cachectic mouse models . A lactobacilli
cocktail combination with prebiotic substrate that
supports growth of microorganisms, changes the
dysbiotic populations of cecal microbiota composition
in murine models, clinically resulting in improved
[53]
survival and reduction of cachexia . These are highly
important implications in pancreatic adenocarcinoma
population since these patients carry the strongest
burden of cancer cachexia among all malignancies,
[54,55]
present in up to 80% of patients
resulting in
[55-57]
reduced survival and progressive disease
. Weight
stabilization alone significantly proven to improve
survival in pancreatic adenocarcinoma patients with
[58]
unresectable disease .
In conclusion, the initial motive to explore micro
biome role in carcinogenesis may lead to identifying
reliable non-invasive screening strategies and discern
additional modifiable risk factors. With further
investigation, potentially microbiome studies in
pancreatic cancer could offer therapeutic targets.
Perhaps the most extraordinary opportunity is to
favorably transform cancer response to existing
treatment protocols and improve survival by reduction
of cancer-related cachexia by manipulating human gut
microbiota.

COMMENTS
COMMENTS
Background

Recently, there are literature reports on influences of microbiome alteration
contributing to carcinogenesis of multiple malignancies. Among the most
controversial is dysbiosis related to pancreatic cancer. Pancreatic cancer often
denotes a poor clinical prognosis in part due to late recognition and treatment
resistance, warranting investigations for modifiable risk factors, early screening
biomarkers, and microenvironment elements that affect patient outcomes.
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Research frontiers

Murine models demonstrate commensal microbiome taxa modulates a
favorable tumor response to chemotherapy in multiple tumor types In addition,
manipulation of cecal microbiome composition with lactobacillus in murine
models, have resulted in improved survival and reduction of cachexia a clinically
significant burden in the majority of pancreatic cancer patients.

12

Innovations and breakthroughs

13

This review article serves to update literature on microbiome alterations
associated with pancreatic cancer, its potential utility as an early screening
biomarker, examine the influence of the microbiome in antitumor therapy, and
the potential impact of microbiome manipulation to affect pancreatic cancer
patient outcomes.

14

Applications

15

Exploring the microbiome role in carcinogenesis may lead to identifying reliable
non-invasive screening strategies and discern additional modifiable risk factors.
With further investigation, potentially microbiome studies in pancreatic cancer
could offer therapeutic targets. Perhaps the most extraordinary opportunity
is to favorably transform cancer response to existing treatment protocols and
improve survival by reduction of cancer-related cachexia by manipulating
human gut microbiota.

16

17

Peer-review

18

This review describes the relationships between microbiome and pancreatic
cancer. The data in this report is of considerable importance in investigations
for modifiable risk factors of pancreatic cancer.
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AIM
To perform a meta-analysis of observational studies
on inflammatory markers levels and occurrence of
colorectal adenoma.
METHODS
Pubmed and Embase databases were searched until
March 2016 for the articles reporting on the circulating
levels of inflammatory markers, including: C-reactive
protein (CRP), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-a) and risk of colorectal adenoma.
Random-effects models were used to calculate summary
odds ratios (ORs) with 95%CIs for the highest vs lowest
category of exposure. Heterogeneity was assessed by
2
using the Q test and I statistic. Subgroup analyses
were also performed to test for potential source of
heterogeneity.
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RESULTS
A total of 14 case-control studies were included. Ten
studies on CRP including a total of 3350 cases and
4168 controls showed non-significant summary (OR
2
= 1.23, 95%CI: 0.98-1.54; I = 54%, P heterogeneity =
0.01) in the general analysis, but significant increased
odds when considering only advanced adenoma (OR
2
= 1.59, 95%CI: 1.09-2.32; I = 44%, P heterogeneity =
0.15). Subgroup and stratified analyses revealed a
potential influence of smoking status and aspirin use
on the association between CRP levels and colorectal
adenoma. Five studies examined the association
between circulating levels of TNF-a and colorectal
adenoma risk, including a total of 1,568 cases and 2,832
controls. The summary OR for the highest vs the lowest
category of exposure was 1.00 (95%CI: 0.77-1.29).
The relationship between circulating IL-6 levels and
colorectal adenoma risk was investigated in 7 studies
including a total of 1936 cases and 3611 controls. The
summary OR for the highest vs the lowest category of
exposure was 1.19 (95%CI: 0.92-1.55).

cancers diagnosed in developed countries and the
fourth leading cause of cancer-related death globally.
Chronic inflammation has been hypothesized to
play an important role in several aspects of cancer
[1]
initiation, promotion, and progression . Indeed,
existence of chronic inflammatory bowel diseases (such
as Crohn’s colitis or ulcerative colitis) or regular use of
anti-inflammatory medications has been demonstrated
[2,3]
to affect risk of colorectal cancer
and colorectal
[4,5]
adenoma, the precursor of most colorectal cancers .
However, despite evidence on potential involvement of
inflammatory processes in colorectal carcinogenesis,
epidemiological data regarding markers of systemic
inflammation and colorectal neoplasia risk are
conflicting.
Tumor necrosis factor-alpha (TNF-a) and inter
leukin-6 (IL-6) are pro-inflammatory cytokine
involved in cell growth, differentiation, and apoptosis,
and are altered within adenoma tissues reflecting
[6]
an inflammatory state . C-reactive protein (CRP)
is a non-specific marker of systemic inflammation
produced and released into the circulation primarily
by hepatocytes in response to elevations in IL-6 and
[6]
TNF-a . Elevated levels of CRP are typically associated
with acute inflammatory conditions, such as infections,
trauma, or acute flares of autoimmune diseases, and
[6]
with a variety of chronic conditions . Current evidence
suggests that pre-diagnostic circulating CRP levels
may be associated with increased risk of colorectal
[7]
cancer . In addition, serum levels of TNF-a have been
[8]
associated with increased risk of this malignancy .
Results on IL-6 are inconclusive, suggesting that
it is not associated with colorectal cancer risk, but
the evidence is weakened by a limited number of
[7,8]
studies . Overall, existing summary of evidence rely
on colorectal cancer risk, but findings on colorectal
adenoma have not been meta-analyzed yet. Thus,
the aim of this study was to systematically review
and perform a meta-analysis of studies examining the
association between circulating levels of CRP, TNF-a,
and IL-6 and risk of colorectal adenoma.

CONCLUSION
Summary of current evidence suggests a positive
association of CRP levels and advanced colorectal
adenoma risk. The role of potential confounding factors
should be further evaluated.
Key words: Inflammatory markers; Meta-analysis;
Colorectal adenoma; C-reactive protein; Tumor necrosis
factor-alpha; Interleukin-6
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study investigated the asso
ciation between inflammatory markers and risk of
colorectal adenoma. Ten studies on C-reactive protein
(CRP) showed non-significant summary odds ratios in
the general analysis. However, CRP was significantly
correlated with increased risk of advanced adenoma.
Subgroup and stratified analyses revealed a potential
influence of smoking status and aspirin use on
the association between CRP levels and colorectal
adenoma risk. The results of the study may have
practical value for clinicians screening for colorectal
cancer.

MATERIALS AND METHODS
The design, analysis, and reporting of this study
followed the meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines (Online Resource 3).
The reporting of this work is compliant with PRISMA
guidelines.

Godos J, Biondi A, Galvano F, Basile F, Sciacca S, Giovannucci
EL, Grosso G. Markers of systemic inflammation and colorectal
adenoma risk: Meta-analysis of observational studies. World J
Gastroenterol 2017; 23(10): 1909-1919 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i10/1909.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i10.1909

Literature search and study selection

We performed a systematic search on PubMed (http://
www.ncbi.nlm.nih.gov/pubmed/) and EMBASE (http://
www.embase.com/) databases of all English language
studies published up to March 2016. The search terms
used are shown in Online Resource 4. Inclusion criteria
for the studies were: (1) having a cross-sectional,
case-control, or prospective design; (2) evaluating

INTRODUCTION
Colorectal cancer represents one of the most common
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Statistical analysis

Potential articles identified
through database searching
(n = 481)

Random-effects models were used to calculate
summary ORs with 95% CIs for the highest vs lowest
category of exposure. The risk estimate from the most
fully adjusted models in the analysis of the pooled
RR was used. Heterogeneity was assessed by using
2
the Q test and I statistic. The level of significance for
2
the Q test was defined as P < 0.10. The I statistic
represented the amount of total variation that could
2
be attributed to heterogeneity. I values ≤ 25%,
≤ 50%, ≤ 75%, and > 75% indicated no, small,
moderate, and significant heterogeneity, respectively.
A sensitivity analysis by exclusion of one study at a
time was performed to assess the stability of results
and potential sources of heterogeneity. Separate
analyses were conducted on adenoma advancement
based on availability of datasets. According to
literature investigated, advanced adenoma was
defined as having diameter > 1 cm or containing
villous/tubulovillous characteristics, or severe dys
plasia. Subgroup analyses were also performed to
test for potential source of heterogeneity according
to geographical area, gender, study design, sample
fasting status, measurement methods, and adjustment
for main confounding factors (BMI or obesity, smoking
status, family history of colorectal neoplasia, aspirin
or NSAIDs use, energy intake or physical activity,
and alcohol consumption). Stratified analyses were
conducted by smoking status (non/former vs current),
NSAIDs use (non/former vs current), and adenoma
location. Publication bias was evaluated by a visual
investigation of funnel plots for potential asymmetry.
All analyses were performed with Review Manager
(RevMan) software version 5.2 (The Nordic Cochrane
Centre, The Cochrane Collaboration). Artwork was
created using RevMan software. Statistical analysis
was reviewed by a biostatistician (Grosso G).

Articles excluded based on title
and duplicates (n = 364)
Articles screened based on
abstract (n = 117)
Articles excluded based on
abstract (n = 86)
Articles obtained for fulltext evaluation (n = 31)

Articles included in the
quantitative meta-analysis
(n = 14)
CRP (n = 10)
IL-6 (n = 7)
TNF-α (n = 5)

Articles not meeting
inclusion criteria:
Adenoma recurrence (n = 2)
Not available ORs (n = 14)
Genetic polymorphism (n = 1)

Figure 1 Study selection process. CRP: C-reactive protein; IL-6: Interleukin-6;
TNF-α: Tumor necrosis factor-alpha.

the association between CRP, TNF-a, or IL-6 levels
and colorectal adenoma comparing the highest vs the
lowest category of exposure; and (3) assessing and
reporting odds ratios (ORs) and the corresponding
95%CIs. Reference lists of included studies were
examined for any additional article not previously
identified. If more than one study was conducted on
the same cohort, only the most comprehensive or
most updated was included in the meta-analysis. The
selection process was independently performed by
two authors (Godos J and Grosso G).

RESULTS

Data extraction and study quality assessment

Study characteristics

Data were abstracted from each identified study by
using a standardized extraction form. The following
information was collected: (1) author name; (2) year
of publication; (3) country; (4) number, gender, and
age of participants; (5) main characteristics related
to markers; (6) OR and 95%CI for the highest vs the
lowest category of exposure; and (7) covariates used
in adjustments.
The Newcastle-Ottawa Quality Assessment Scale
[9]
was used to assess the quality of each study . The
instrument consists of 3 domains indicating the study
quality as follows: selection (4 points), comparability
(2 points), and outcome (3 points) for a total score
of 9 points (9 representing the highest quality).
Studies scoring 7-9 points, 3-6 points, and 0-3 points
were identified as high, moderate, and low quality,
respectively.

WJG|www.wjgnet.com

The process of identification and study selection is
summarized in Figure 1. Among the initial 481 articles
screened on the basis of title, 31 articles were screened
for full-text examination. Seventeen studies were
excluded because they assessed adenoma recurrence
(n = 2), did not report risk estimates (n = 14), and
reported information only on genetic polymorphisms (n
[10-23]
= 1). A final number of 14 studies
were included
for the quantitative meta-analysis (Table 1). Four
studies were nested case-control studies, 9 had a casecontrol design, and one was cross-sectional. The studies
[10,11,13,16,18,19,21-23]
were conducted in the United States
,
[12,14,15,17]
[20]
Japan
, and the United Kingdom . Four studies
investigated advanced and 4 studies non-advanced
adenoma. Measurements methods varied greatly
between studies, including INA (Immunonephelometric
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Case-control

Case-control

Otake et al[12]

Ognjanovic et
al[13]

1912

Case-control

Nested casecontrol

Kong et al[19]

Case-control

Vaughn et al[18] Case-control

Sasaki et al[17]

Gunter et al[16]

Yamaji et al[15]

Crosssectional
Case-control

Nested casecontrol

Tsilidis et al[11]

Otake et al[14]

Case-control

Study design

Kim et al[10]

Ref.

Patients who underwent
colonoscopy

Subjects who underwent
colonoscopy for health
checkup
Patients who underwent
routine colonoscopy

Subjects who undergone
screening sigmoidoscopy

Patients who underwent
colonoscopy
Healthy subjects who
underwent screening
colonoscopy

Subjects who underwent
colonoscopy for health
checkup
Subjects who undergone
screening sigmoidoscopy

Subjects who undergone
sigmoidoscopy or
colonoscopy

Patients who underwent
colonoscopy and/or
patients who underwent
screening colonoscopy

Study population

Assay method, sample type, Exposure vs reference category
fasting status
Matching factors

Adjusting factors

CRP (ELISA), IL-6 (ELISA), T3 (≥ 12013.1 ng/mL) vs T1 (<
NA
Age, sex, obesity
TNF-a (ELISA), plasma,
2916.03 ng/mL) for CRP; T3 (≥
fasting
0.3571 pg/mL) vs T1 (0 pg/mL)
for IL-6; T3 (≥ 2.2358 pg/mL)
vs T1 (< 1.3877 pg/mL) for
TNF-a
269; 135, M and F CRP (Dade-Behring method), Q4 (> 2.95 mg/L) vs Q1 (< 0.65 Age, sex, race, date of blood Cigarette smoking status, BMI at baseline, BMI at age
45-65 yr
plasma, NR
mg/L)
draw, time since last meal,
21, ever use of estrogen or progesterone (women),
type of endoscopy
use of aspirin or non-steroidal anti-inflammatory
drugs, use of diabetes medications, family history of
colorectal cancer
635; 646; M 50-53
CRP(INA), plasma/serum,
Q4 (≥ 1541 ng/mL) vs Q1 (<
NA
Age, hospital, plasma/serum status, rank in the Self
yr
fasting
206 ng/mL)
Defense Forces, cigarette smoking, alcohol use, BMI,
physical activity, parental colorectal cancer
539; 271; M and F
CRP (ITA), IL-6 (ELISA),
Q4 (> 2.00 mg/L) vs Q1 (> 0.30
Age, sex, ethnicity,
Sex, age, race, smoking status, BMI
55-69 yr
serum, fasting
mg/L) for CRP; Q4 (> 2.79
screening date, recruitment
pg/mL) vs Q1 (> 1.09 pg/mL)
clinic
for IL-6
26; 47; M 53-80 yr CRP (INA), plasma, fasting high (≥ 500 ng/mL) vs low (<
NA
None
500 ng/mL)
735; 778; M 50-79
TNF-a (Cytokine/
Q3 (≥ 2.98 pg/mL) vs Q1 (≤ Age, two screening periods
Age, sex, screening period, duration of fasting,
yr; F 40-79 yr
Chemokine Magnetic Bead
2.38 pg/mL)
cigarette smoking, alcohol drinking, family history of
Panel Assay), plasma, fasting
colorectal cancer, nonsteroidal anti-inflammatory drug
use, BMI
396; 356; M and F
CRP (Chemiluminescent
Q4 (≥ 4.0 mg/L) vs Q1 (< 0.8 Age at study entry, gender, Cigarette smoking status, BMI, use of non-steroidal
55-74 yr
Immunometric Assay),
mg/L)
fiscal year at study entry,
anti-inflammatory drugs, diabetes, use of hormone
serum, NR
race, screening center,
therapy (females only), family history of colorectal
study protocol, season of
cancer, educational attainment
blood draw
218; 118; M 52
IL-6 (ELISA), serum, fasting Q4 (≥ 1.619 pg/mL) vs Q1 (<
Age
Age, current smoking, alcohol consumption, family
yr cases, 51 yr
0.804 pg/mL)
history of CRC, BMI, HOMA-IR, insulin
controls (median)
1050; 401; M and F
IL-6 (ELISA), TNF-a
T3 (> 2.71 pg/mL) vs T1 (< 1.44
NA
Age, sex, non-steroidal anti-inflammatory use, BMI,
46-66 yr
(Cytokine/ Chemokine
pg/mL) for IL-6; T3 (> 4.46
family history of colorectal cancer, smoking status,
Magnetic Bead Panel Assay), pg/mL) vs T1 (< 3.01 pg/mL)
race
serum, fasting
for TNF-a
201; 139; M and F
CRP (INA), plasma, NR
high (> 6.2 mikrog/mL) vs low
NA
Age, race, sex, BMI, total energy intake, plasma
46-66 yr
(< 6.2 mikrog/mL)
cholesterol, family history of colorectal cancer in a first
degree relative, hormone replacement therapy, dietary
fiber, physical activity, study
631; 242; M and F
> 30 yr

No. of controls;
No of controls;
gender; age

Table 1 Characteristics of the studies included in the meta-analysis
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Nested casecontrol

Nested casecontrol

Henry et al[22]

Song et al[23]

319; 50; M and F
64 yr

CRP (INA), IL-6 (Cytometric high (> 1.88) vs low (≤ 1.88)
Bead Array), TNF-a
units NR for CRP; high (> 3.32)
(Cytometric Bead Array),
vs low (≤ 3.32) units NR for
serum (CRP), plasma (IL-6,
IL-6; high (> 3.53) vs low (≤
TNF-a), fasting
3.53) units NR for TNF-a
Patients who underwent 395; 707; M and F
CRP (ITA), plasma, NR
single small tubular adenoma
colonoscopy
49-67 yr
T3 (> 5.97 mg/L) vs T1 (< 1.59
mg/L); multiple small tubular
adenoma T3 (> 6.96 mg/L) vs
T1 (< 1.82 mg/L); advanced
adenoma T3 (> 7.16 mg/L) vs
T1 (< 1.69 mg/L)
Subjects who undergone 97; 97; M and F ≥ IL-6 (Cytokine/Chemokine T3 vs T1 for IL-6; T3 vs T1 for
colonoscopy
50 yr
Magnetic Bead Panel
TNF-a
Assay), TNF-a (Cytokine/
Chemokine Magnetic Bead
Panel Assay), serum, fasting
Subjects who undergone 757; 757; F 30-55 yr
CRP (ITA), IL-6 (ELISA),
Q5 (6.32 mg/L - median) vs Q1
sigmoidoscopy or
plasma, fasting/non-fasting (0.43 mg/L - median) for CRP;
colonoscopy
Q5 (2.64 ng/l - median) vs Q1
(0.42 ng/l - median) for IL-6

Patients who undergone
screening colonoscopy

Date of endoscopy,
birth year, indication for
endoscopy, time period
of any prior endoscopy,
month and year of blood
draw, fasting status

Age, sex, race, and matched
at least one of the following
factors: study site, collection
date of plasma, NSAID use
for a minimum of three
times per week for at least
one year
NA

NA

Family history of colorectal cancer, multivitamin
use, pack-years of smoking before age 30, alcohol
consumption, BMI, physical activity, regular aspirin/
NSAID use, postmenopausal status and hormone use,
calcium intake, and Alternative Healthy Eating Index

Age, sex, previous screening

Age, educational attainment, study site

Time of recruitment, age, sex, BMI, alcohol
consumption, exercise, smoking, diverticular disease,
exercise, aspirin use

1913
[13,21,23]

[10,13,17,18,23]

[11]

[16]

[20]

The association between CRP levels and colorectal adenoma risk was examined in 10 studies including a total of 3350 cases and 4168 controls. The summary OR for the
2
highest vs the lowest category of exposure was 1.23 (95%CI: 0.98-1.54) with evidence of heterogeneity (I = 54%, Pheterogeneity = 0.01; Figure 2). Publication bias was not
evident based on the symmetrical shape of funnel plot (Online Resource 1). Sensitivity analysis by excluding one study at a time showed that one study, which showed a
[16]
2
suggestive inverse association, contributed largely to the heterogeneity ; after exclusion of this study, the summary OR = 1.31, 95%CI: 1.06-1.61; I = 40%; Pheterogeneity
= 0.08). Subgroup analyses are presented in Table 2. Grouping studies by fasting status and measurement method showed statistically significant results when considering
2
2
studies that collected fasting blood samples (OR = 1.38, 95%CI: 1.02-1.88; I = 32%, Pheterogeneity = 0.21) and INA measurement (OR = 1.54, 95%CI: 1.06-2.23; I =
[23]
29%, Pheterogeneity = 0.24). Moreover, including one study
in which blood analyses were not uniformly conducted on fasting samples but risk estimates were adjusted
2
for fasting/non-fasting, did not change markedly results (OR = 1.29, 95%CI: 1.01-1.64; I = 25%, Pheterogeneity = 0.25). No significant confounders were detected when
grouping by gender, sample size, geographical location, and quality score. In contrast, subgroup analysis showed significant results only for the studies not adjusting for
potential confounding factors of BMI, smoking status, aspirin/NSAIDs use, and family history of colorectal neoplasia showed significant results (Table 2).
[12,21]
Stratified analyses for such potential confounding factors were limited
but showed significant interaction with smoking status and use of aspirin/NSAIDs,
whereby associations were only observed in heavy smokers and non-regular aspirin users (Online Resource 2). A stratified analysis was also conducted according to

CRP and adenoma risk

Assay)
, ITA (Immunoturbidimetric Assay)
, ELISA
, DADE-Behring method , Chemiluminescent Immunometric Assay , Cytometric Bead Array ,
[15,18,22]
Cytokine/Chemokine Magnetic Bead Panel Assay
. Seven studies tested markers of inflammation in plasma, 5 in serum, and 2 in serum and plasma. 10 studies
collected overnight fasting samples while 4 studies did not specified fasting status. The overall quality of the studies included was high (Online Resource 5).

[12,14,19,20]

BMI: Body mass index; ELISA: Enzyme-linked immunosorbent assay; NA: Not applicable; NR: Not reported; NSAIDs: Non-steroidal anti-inflammatory drugs; INA: Immunonephelometric assay; ITA: Immunoturbidimetric
assay; CRP: C-reactive protein; IL-6: Interleukin-6; TNF-α: Tumor necrosis factor-alpha.

Case-control

Case-control

Davenport et
al[21]

Basavaraju et
al[20]
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Odds ratio
Study

Log[Odds Ratio]

SE

2008
2008
2009
2010
2010
2011
2014
2015
2015
2015
2015
2016

0.3716
-0.4943
0.1398
0.0000
0.7701
-0.4308
0.3716
1.0818
0.5933
0.6981
-0.1165
0.0953

0.2157
0.3794
0.2181
0.2606
0.4998
0.2351
0.2548
0.4505
0.2541
0.3076
0.2645
0.1886

Kim
Tsilidis
Otake M
Ognjanovic
Otake M
Gunter
Kong
Basavaraju
Davenport advanced
Davenport multiple small tubular
Davenport single small tubular
Song F

10.4%
5.9%
10.3%
8.9%
4.1%
9.7%
9.1%
4.7%
9.1%
7.6%
8.8%
11.3%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.08, χ = 24.12, df = 11 (P = 0.01); I = 54%
Test for overall effect: Z = 1.77 (P = 0.08)
Non-advanced adenomas
2008 Tsilidis
2009 Otake M
2015 Basavaraju
2015 Davenport multiple small tubular
2015 Davenport single small tubular

-1.2040
-0.2614
1.0818
0.6981
-0.1165

0.5119
0.2628
0.4505
0.3076
0.2645

15.8%
22.7%
17.4%
21.5%
22.7%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.37, χ = 17.48, df = 4 (P = 0.002); I = 77%
Test for overall effect: Z = 0.20 (P = 0.84)
Advanced adenomas
2008 Tsilidis
2009 Otake M
2015 Davenport
2016 Song F

0.6881
0.7930
0.5933
0.0953

0.6946
0.2786
0.2541
0.1886

Odds ratio

Weight IV, random, 95%CI

6.8%
26.4%
29.1%
37.8%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.06, χ = 5.35, df = 3 (P = 0.15); I = 44%
Test for overall effect: Z = 2.42 (P = 0.02)

1.45
0.61
1.15
1.00
2.16
0.65
1.45
2.95
1.81
2.01
0.89
1.10

(0.95,
(0.29,
(0.75,
(0.60,
(0.81,
(0.41,
(0.88,
(1.22,
(1.10,
(1.10,
(0.53,
(0.76,

IV, random, 95%CI

2.21)
1.28)
1.76)
1.67)
5.75)
1.03)
2.39)
7.13)
2.98)
3.67)
1.49)
1.59)

1.23 (0.98, 1.54)

0.30
0.77
2.95
2.01
0.89

(0.11,
(0.46,
(1.22,
(1.10,
(0.53,

0.82)
1.29)
7.13)
3.67)
1.49)

1.06 (0.57, 1.98)

1.99
2.21
1.81
1.10

(0.51,
(1.28,
(1.10,
(0.76,

7.76)
3.82)
2.98)
1.59)

1.59 (1.09, 2.32)

0.01

0.1

1

10

100

Figure 2 Meta-analysis of highest vs lowest category of C-reactive protein and risk of colorectal adenoma, total and by advancement status. CRP: C-reactive protein.

adenoma localization. No significant results for were
observed for adenoma of proximal or distal colon
(Online Resource 1) and for non-advanced adenoma
(Figure 2). In contrast, separate analysis of the
highest vs lowest CRP levels showed a significant
association with increased advanced adenoma risk (OR
2
= 1.59, 95%CI: 1.09-2.32; I = 44%, Pheterogeneity =
0.15; Figure 2).

significant for those that did adjust (Table 2). However,
subgroup analysis for the adjustment for confounding
factors, such as BMI, aspirin use, family history of
colorectal cancer, and physical activity showed notsignificant results. Similar results were observed for
subgroup analysis controlling for IL-6 measurement.

TNF-a and adenoma risk

Five studies examined the association between
circulating levels of TNF-a and colorectal adenoma
risk, including a total of 1568 cases and 2832
controls. The summary OR for the highest vs the
lowest category of exposure was 1.00 (95%CI:
0.77-1.29) with no evidence of publication bias (Online
2
Resource 1) and little evidence of heterogeneity (I =
49%, Pheterogeneity = 0.08; Figure 4). Subgroup analyses
showed significant results for the studies that did
not adjust for smoking status while those studies
adjusting did not show significant results (Table 2).
Similar results were observed when pooling studies
that did not adjust for aspirin/NSAIDs use (Table
2). The summary OR for the highest vs the lowest

IL-6 and adenoma risk

The relationship between circulating IL-6 levels and
colorectal adenoma risk was investigated in 7 studies
including a total of 1936 cases and 3611 controls. The
summary OR for the highest vs the lowest category
of exposure was 1.19 (95%CI: 0.92-1.55) with no
evidence of publication bias (Online Resource 1) and
2
little evidence of heterogeneity (I = 46%, Pheterogeneity
= 0.09, Figure 3) and no evidence of asymmetry at
funnel plot (Online Resource 1). Subgroup analyses are
presented in Table 2. Grouping studies by adjustment
for smoking status showed significant results for
the studies that did not adjust for smoking and not

WJG|www.wjgnet.com

1914

March 14, 2017|Volume 23|Issue 10|

Total
Study design
Nested case-control
Case-control
Cross-sectional
Gender
Men
Women
Geographical location
United States
United Kingdom
Japan
By adjustment for confounders
BMI/obesity
Yes
No
Smoking
Yes
No
Aspirin/NSAIDs use
Yes
No
Alcohol consumption
Yes
No
Energy/physical activity
Yes
No
Family history of colorectal
neoplasia
Yes
No
Sample fasting status
Yes
No
Measurement method
ELISA
INA
ITA
Cytokine/Chemokine Magnetic
Bead Panel Assay

Subgroup

WJG|www.wjgnet.com

1915

1.32 (0.87, 2.03)
1.19 (0.89, 1.59)

1.32 (0.97, 1.79)
1.16 (0.84, 1.61)

3
9

4
8

1.45 (0.95, 2.21)
1.54 (1.06, 2.23)
1.26 (0.94, 1.69)
NA

1.00 (0.58, 1.72)
1.35 (1.10, 1.65)

4
8

1
4
5
0

1.01 (0.73, 1.40)
1.48 (1.17, 1.88)

6
6

1.29 (1.01, 1.64)
1.12 (0.75, 1.68)

1.12 (0.86, 1.45)
1.54 (1.01, 2.37)

8
4

6
6

1.14 (0.89, 1.47)
2.95 (1.22, 7.13)
1.34 (0.79, 2.28)

9
1
2

0.98 (0.73, 1.32)
1.49 (1.11, 1.99)

1.34 (0.79, 2.28)
1.10 (0.76, 1.59)

2
1

5
7

0.81 (0.54, 1.21)
1.39 (1.11, 1.74)
2.16 (0.81, 5.75)

3
8
1

CRP

1.23 (0.98, 1.54)

RR (95%CI)

12

No. of
datasets

NA
29%
45%
NA

25%
70%

49%
43%

34%
63%

53%
60%

72%
17%

56%
15%

54%
49%

57%
NA
25%

25%
NA

49%
34%
NA

54%

I2

NA
0.24
0.12
NA

0.25
0.005

0.10
0.11

0.21
0.008

0.12
0.01

0.01
0.30

0.04
0.32

0.03
0.12

0.02
NA
0.25

0.25
NA

0.14
0.16
NA

0.01

Pheterogeneity

5
0
0
1

7
0

3
4

2
5

3
4

3
4

5
2

6
1

5
1
1

1
1

2
5
0

7

No. of
datasets

IL-6

1.21 (0.88, 1.67)
NA
NA
1.35 (0.58, 3.14)

1.19 (0.92, 1.55)
NA

1.13 (0.80, 1.61)
1.24 (0.81, 1.90)

0.97 (0.68, 1.38)
1.30 (0.92, 1.84)

1.20 (0.75, 1.92)
1.20 (0.83, 1.73)

0.99 (0.78, 1.26)
1.43 (0.93, 2.21)

1.03 (0.83, 1.29)
1.74 (1.22, 2.49)

1.19 (0.89, 1.58)
1.35 (0.58, 3.14)

1.14 (0.86, 1.52)
1.00 (0.44, 2.27)
2.06 (1.02, 4.16)

2.06 (1.02, 4.16)
0.96 (0.65, 1.42)

1.02 (0.72, 1.45)
1.25 (0.89, 1.78)
NA

1.19 (0.92, 1.55)

RR (95%CI)

63%
NA
NA
NA

46%
NA

47%
53%

0%
58%

44%
60%

0%
58%

9%
0%

55%
NA

52%
NA
NA

NA
NA

0%
59%
NA

46%

I2

0.03
NA
NA
NA

0.09
NA

0.15
0.10

0.93
0.05

0.17
0.06

0.98
0.07

0.35
0.52

0.05
NA

0.08
NA
NA

NA
NA

0.47
0.04
NA

0.09

Pheterogeneity

1
0
0
4

6
0

3
3

1
5

3
3

4
2

4
2

5
1

3
1
2

1
1

1
5
0

6

No. of
datasets

Table 2 Subgroup analyses of studies reporting risk of colorectal adenomas for the highest vs lowest (reference) category of markers of inflammation
TNF-a

1.65 (1.09, 2.50)
NA
NA
0.92 (0.76, 1.11)

1.00 (0.77, 1.29)
NA

0.90 (0.71, 1.13)
1.24 (0.78, 1.97)

0.73 (0.32, 1.67)
1.02 (0.78, 1.35)

0.82 (0.64, 1.06)
1.23 (0.87, 1.72)

0.90 (0.74, 1.09)
1.51 (1.05, 2.16)

0.90 (0.74, 1.09)
1.51 (1.05, 2.16)

0.98 (0.73, 1.31)
1.14 (0.55, 2.36)

1.23 (0.87, 1.72)
0.73 (0.32, 1.67)
0.81 (0.57, 1.16)

0.94 (0.68, 1.30)
0.65 (0.41, 1.03)

1.14 (0.55, 2.36)
0.98 (0.73, 1.31)
NA

1.00 (0.77, 1.29)

RR (95%CI)

NA
NA
NA
0%

49%
NA

22%
38%

NA
56%

0%
44%

0%
0%

0%
0%

59%
NA

44%
NA
39%

NA
NA

NA
59%
NA

49%

I2

NA
NA
NA
0.41

0.08
NA

0.28
0.20

NA
0.06

0.42
0.17

0.42
0.39

0.42
0.39

0.05
NA

0.17
NA
0.20

NA
NA

NA
0.05
NA

0.08

Pheterogeneity
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0
1
1

NA
0.61 (0.29, 1.28)
0.65 (0.41, 1.03)

NA
NA
NA

NA
NA
NA

1
0
0

1.00 (0.44, 2.27)
NA
NA

NA
NA
NA

NA
NA
NA

1
0
0

0.73 (0.32, 1.67)
NA
NA

NA
NA
NA

NA
NA
NA
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In this meta-analysis, circulating levels of CRP, TNF-a, and IL-6 were not appreciable associated with the risk of colorectal adenoma. Significant positive associations
were observed, especially for CRP, in studies that did not adjust for smoking, aspirin use, BMI and family history. Stratified analyses also showed significant associations
for CRP in the strata of heavy smokers and non-users of aspirin. In addition, CRP was significantly associated with occurrence of advanced adenoma, irrespectively of
the group. These findings suggest a potential role of subclinical inflammation driven by the aforementioned factors in increasing risk of colorectal adenoma, which may
be accentuated in more advanced stages of adenoma.
Experimental studies on animals have shown that colonic epithelial dysplasia provokes a cytokine-driven inflammatory response that up-regulates circulatory
[24,25]
inflammatory markers such as TNF-a, IL-6, and, consequently, CRP production
. Thus, it is biologically plausible that an inflammatory state would occur in patients
with adenoma, possibly reflected in an increase in systemic inflammatory markers. However, results observed in the studies reviewed were inconsistent. The results
[26]
appeared to differ depending on whether the studies adjusted for potentially confounding factors, such as smoking, BMI, aspirin use and family history. Smoking ,
[27]
high BMI , and non-use of aspirin would be expected to increase levels of inflammatory markers, and these are associated with increased risk of colorectal adenoma
[28]
(and cancer) . Studies that did not adjust for these factors tended to show associations with inflammatory markers, whereas those that did adjust showed not
significant results. This pattern suggests that uncontrolled confounding by these factors could have caused the positive associations, when observed. On the other
hand, inflammation could possibly be a mediator of the effects of some of these factors. Further, when considering studies that reported fasting sample, results were
significant in favor of an increased risk of colorectal adenoma for higher levels of CRP. Markers of subclinical systemic inflammatory state, especially CRP, have been
[29]
[30]
hypothesized to be influenced by fasting
and that diet may also impact level and direction of modification . Nevertheless, number of studies for such stratified
analyses were limited, thus the specific role that known risk factors associated with systemic subclinical inflammation will require further investigation.
There are at least three ways that systemic inflammation may relate to colorectal adenoma. First, inflammation in the pre-neoplastic colorectal tissue (i.e., as
in ulcerative colitis) could directly predispose to risk of colorectal neoplasia. Second, a neoplastic lesion (adenoma, cancer) could induce inflammation and increase
inflammatory markers. Thirdly, systemic inflammation could reflect various processes, some of which may be directly or indirectly (i.e., by different mechanisms)
be associated with colorectal adenoma risk (i.e., smoking habits or obesity). The first possibility is difficult to demonstrate because the studies cannot distinguish
the source of the inflammation, and in most cases the adenomas were present at the time of blood draw, so a temporal relationship could not be established. The
second explanation is supported by the stratified analysis that we conducted including only advanced adenoma that resulted in increased risk of disease for higher CRP
levels. Most of studies combined all adenomas into an individual condition, which likely included a significant proportion of single small tubular adenoma that may not
[10,13-19,22]
provoke an inflammatory response sufficient to raise inflammatory markers levels
. Studies exploring inflammatory markers levels over different phases of
[31]
tumor progression showed increasing concentrations of several cytokines (including TNF-a) in normal mucosa, adenoma, hyperplastic polyp, and serrated adenoma .
Interestingly, habitual use of aspirin and NSAIDs interact with COX-2 activation that has been suggested to occur as a carcinogenic mechanism within the colonic
[32]
[33]
epithelium . Also, CRP and IL-6 levels have been demonstrated to vary not only between colorectal adenoma and cancer, but also by cancer stage . However,

DISCUSSION

category of exposure, when grouping studies by other confounding factors (BMI, family history of colorectal cancer, physical activity, alcohol consumption) showed no
significant evidence.

BMI: Body mass index; ELISA: Enzyme-linked immunosorbent assay; NA: Not applicable; NSAIDs: Non-steroidal anti-inflammatory drugs; INA: Immunonephelometric assay; ITA: Immunoturbidimetric assay; CRP: C-reactive
protein; IL-6: Interleukin-6; TNF-α: Tumor necrosis factor-alpha.

Cytometric Bead Assay
Dade-Behring method
Chemiluminescent
Immunometric Assay
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Odds ratio
Study

Log[Odds Ratio]

SE

2008
2010
2012
2013
2015
2015
2016

0.6098
-0.1393
0.7227
0.0100
0.0000
0.3001
-0.0408

0.2014
0.2340
0.3586
0.1727
0.4189
0.4310
0.1990

Kim
Ognjanovic
Sasaki
Vaughn
Basavaraju
Henry
Song

Odds ratio

Weight IV, random, 95%CI
18.8%
16.3%
9.7%
21.2%
7.7%
7.3%
19.0%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.05, χ = 11.11, df = 6 (P = 0.09); I = 46%
Test for overall effect: Z = 1.35 (P = 0.18)

1.84
0.87
2.06
1.01
1.00
1.35
0.96

(1.24,
(0.55,
(1.02,
(0.72,
(0.44,
(0.58,
(0.65,

IV, random, 95%CI

2.73)
1.38)
4.16)
1.42)
2.27)
3.14)
1.42)

1.19 (0.92, 1.55)

0.01

0.1

1

10

100

10

100

Figure 3 Meta-analysis of highest vs lowest category of interleukin-6 and risk of colorectal adenoma. IL-6: Interleukin-6.
Odds ratio
Study

Log[Odds Ratio]

SE

2008
2010
2010
2013
2015
2015

0.5008
-0.4308
-0.0619
0.0100
-0.3147
0.1310

0.2115
0.2351
0.1652
0.1519
0.4208
0.3719

Kim
Yamaji F
Yamaji M
Vaughn
Basavaraju
Henry

Odds ratio

Weight IV, random, 95%CI
18.7%
16.8%
23.1%
24.5%
7.6%
9.3%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.05, χ = 9.79, df = 5 (P = 0.08); I = 49%
Test for overall effect: Z = 0.02 (P = 0.99)

1.65
0.65
0.94
1.01
0.73
1.14

(1.09,
(0.41,
(0.68,
(0.75,
(0.32,
(0.55,

IV, random, 95%CI

2.50)
1.03)
1.30)
1.36)
1.67)
2.36)

1.00 (0.77, 1.29)

0.01

0.1

1

Figure 4 Meta-analysis of highest vs lowest category of tumor necrosis factor-alpha and risk of colorectal adenoma. TNF-α: Tumor necrosis factor-alpha.

evidence for markers of inflammation other than CRP
was limited and future studies exploring this issue are
needed.
The results of the present meta-analysis should be
considered in light of some limitations. First, our metaanalysis was conducted on blood/serum markers of
inflammation, but the biological effects of circulating
vs local inflammatory makers may differ, and how
circulating inflammation is reflecting etiologically
relevant tissue inflammation will vary by factors in
the study population, and by stratification of relevant
factors. Second, although we included in our analyses
the most adjusted models for various potential
confounding factors, residual or unknown confounding
may still exist. For instance, differences in the
definition of advanced adenomas among study may
have led to misclassification. Moreover, due to study
design, results may be affected by reverse causation
depending on timing of measurements. Third, number
of studies and information retrieved were limited for
some potential important characteristics that should
be taken into account, such as adenoma location
[11,12]
(presented in 2 studies
), multiplicity and size (not
investigated in the present meta-analysis).
In conclusion, inflammation may play an important
role in colorectal cancer development. Discrepancy
between biological plausibility and lack of strong
epidemiological difference may depend on inadequate
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methods of assessing inflammatory markers, with
special regard to existing confounders. Although findings
from this meta-analysis suggest an involvement of CRP
in the early stage of colorectal cancer (i.e., advanced
adenoma risk), final conclusions cannot be drawn
given the nature of the studies (observational non
prospective), heterogeneous determinants of systemic
inflammatory markers, and the limited number of
investigations involved. Future studies estimating prediagnostic serum/plasma markers of inflammation
and sequent adenoma incidence are needed to better
assess the role of chronic inflammation in malignancy
development. The potentiality of using CRP as a marker
to distinguish between advanced and non-advanced
adenoma could be also studies to improve surveillance
strategies.
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Abstract
Gastrointestinal stromal tumors (GISTs) represent the
most common mesenchymal tumors of the alimentary
tract. These tumors may have different clinical and
biological behaviors. Malignant forms usually spread via
a hematogenous route, and lymph node metastases
rarely occur. Herein, we report a patient with a jejunal
GIST who developed supraclavicular lymph node
metastasis. We conclude that lymphatic diffusion via
the mediastinal lymphatic station to the supraclavicular
lymph nodes can be a potential metastatic route for
GISTs.
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node metastases rarely develop in patients with
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report a patient with a jejunal GIST who developed
supraclavicular lymph nodes metastasis and review the
related literature. We conclude that lymphatic diffusion
via mediastinal lymphatic station to the supraclavicular
lymph nodes can be a potential metastatic route of
GISTs.
Ma C, Hao SL, Liu XC, Nin JY, Wu GC, Jiang LX, Fancellu
A, Porcu A, Zheng HT. Supraclavicular lymph node metastases
from malignant gastrointestinal stromal tumor of the jejunum: A
case report with review of the literature. World J Gastroenterol
2017; 23(10): 1920-1924 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i10/1920.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i10.1920

Figure 1 Histopathologic section of the primary tumor. The tumor was
composed of spindle and epithelioid cells, which were predominantly arranged
in spiral and lace-like shape (HE staining × 400).

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) represent the
most common mesenchymal tumors of the alimentary
tract. These tumors may have different clinical and
biological behavior. Malignant forms usually spread via
hematogenous route, and lymph nodes metastases
rarely occur. Herein, we report a patient with jejunal
GIST who developed supraclavicular lymph nodes
metastasis.

CASE REPORT
A 56-year-old man with a 24-h history of melena was
admitted to the gastrointestinal department of the
Yuhuangding Hospital affiliated to Qingdao University,
China. Laboratory assessment revealed a hemo
globin level of 8 g/dL. Urgent gastroduodenoscopy,
colonoscopy, and enhanced computed tomography
(CT) did not reveal any source of bleeding. During the
next 24 h, the patient had further episodes of melena
and became hemodynamically unstable after receiving
a transfusion of 5 units of packed red blood cells and
hemostatic agents. Therefore, emergency laparotomy
was performed. Upon surgical exploration, a bleeding
solid mass was found in the jejunum. Resection of
a small bowel loop measuring 20 cm in length was
performed. Gross examination revealed a nodular
well-encapsulated tumor measuring 2 cm. Histologic
sections showed a GIST infiltrating through all bowel
layers, and it had features of mixed spindle and
epithelioid types of cells. The mitotic index was > 5/50
high-power ﬁelds (HPFs). There was no infiltration of
the surgical margins, and two harvested lymph nodes
were free of metastases (Figure 1). CD117, CD34,
and Dog-1 were positive in immunohistochemical
studies; the Ki67 index was 20%. A diagnosis of GIST
of the small intestine with high-grade malignancy was
[1]
established based on the modified NIH GIST criteria .
Postoperative total body CT scan and positron emission
tomography-computed tomography (PET-CT) were
negative for metastatic disease. Adjuvant imatinib

WJG|www.wjgnet.com

Figure 2 Ultrasonography of cervical mass: The mass was hypoechoic,
with a smooth border and un-even internal echo.

Figure 3 Computed tomography: The mass appeared as a low density
cyst with clear edge without contrast enhancement.

therapy was prescribed, but he declined it due to
family and economic reasons.
One year later, the patient was admitted to the
thyroid department at same hospital complaining of
a left cervical mass that had been gradually enlarging
over one month. Ultrasound revealed a hypoechoic
mass above the left clavicle, measuring 3.1 cm x
4.6 cm; this mass was unenhanced in a contrastenhanced CT scan (Figures 2 and 3). Interestingly,
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Figure 4 Positron emission tomography-computed tomography: FDG accumulated unevenly in the cervical mass and multiple lymph nodes in
mediastinum.

and there were no signs of tumor recurrence or
progression (Table 1).

DISCUSSION
GISTs represent the most common neoplasms of
mesenchymal origin of the gastrointestinal tract. GISTs
may have different clinical and biological behavior,
ranging from small benign tumors to aggressive
forms that have a dismal prognosis. Approximately
20%-25% of GISTs are located in the stomach, and
40%-50% of those located in the small intestine
were malignant neoplasms with features such as local
recurrence after surgical removal, intraperitoneal
[2]
dissemination and distant metastases . However,
unlike gastrointestinal carcinomas, lymph node
metastases (LNMs) rarely develop in patients with
malignant GISTs. The mainstay of treatment for GISTs
is complete surgical resection without a regional lymph
[3,4]
adenectomy .
The rates of LNMs from GISTs range from 0% to
[3,5,6]
5%
. A few studies reporting on this subject are
[5,7-19]
summarized in Table 1
. Most of the reported
cases are peritumoral lymph nodes metastases,
which have occasionally been discovered with
histopathological examination of surgical specimens.
We found only 3 cases that could be defined as
[14,18]
distant LNMs
, including 2 inguinal lymph nodes
and 1 axillary lymph node. In our case, LNMs
developed in the left supraclavicular and mediastinal
basins. This behavior is similar to that observed in
malignant gastrointestinal tumors of an epithelial
origin. To the best of our knowledge, this is the first
case report of the lymphatic spread of a gastric
GIST to supraclavicular and mediastinum lymph
nodes. This might indicate that a particular subgroup
of GISTs has biological characteristics similar to
carcinomas.
According to the modified NIH GIST criteria, our
[1]
case was a high-grade malignancy . Ki67 expression
changed from 20% in the primary tumor to 30% in
the supraclavicular metastasis. Interestingly, Dog-1

Figure 5 Histopathologic section of the cervical tumor (HE staining). The
epithelioid cells were arranged in sheets, with abundant eosinophilic cytoplasm
and prominent nuclei (HE staining × 400).

there were no alterations of the thyroid in imaging
studies. Core needle biopsy was performed, and
histopathological examination with hematoxylineosin staining revealed lymph node metastasis from a
GIST. In immunohistochemical studies, CD117, CD34,
and vim were positive, whereas calponin, estrogen,
progesterone, and thyroglobulin were negative. A
PET-CT scan showed uneven 18F-fluorodeoxyglucose
(FDG) uptake in the cervical mass and multiple
lymph nodes in the mediastinum (Figure 4). The
patient underwent surgical removal of the cervical
mass. Gross examination of the excised lymph
node demonstrated that it measured 5 cm x 6 cm
x8 cm and appeared irregular, smooth, and well
encapsulated. Histopathologic examination again
confirmed a metastasis from a GIST (Figure 5).
Immunohistochemical studies of the resected lymph
node showed positivity for CD117 and CD34 and
negativity for Dog-1 and S-100. The Ki67 index was
30%. Insertion of GCC TAT in exon 9 of the c-KIT
gene was identified with mutation analysis. Exons
11, 13, and 17 and the PDGFRα gene were wild type.
After the second operation, the patient was regularly
given imatinib at a dose of 400 mg per day. At 1 year
following the surgery, the patient was asymptomatic,
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Table 1 Clinical characteristics of cases reported
Ref.

Primary site

Sato et al[7]

El Demellawy
et al[8]
Hu et al[9]
Canda et al[12]
Kong et al[13]

Zhang et al[14]
Yamada et al[15]
Catani et al[19]

T size (cm)

Treatment

LNM site

LNM time

Gene mutation

Gastric

HPF

4

Proximal gastrectomy

Right cardia

Pre

Gastric

2.5

Wedge resection + partial hepatectomy

Adjacent to the
tumor
Mesenteric

Pre

deletion mutation in
exon 11
No mutation

Small bowel
Hepatic
Gastric
Small
intestinal
Small
intestinal
Gastric

4/10
25/50
2/50

15 × 10
8×8×4
6×7

Right hepatic lobectomy
Distal gastrectomy + perigastric LN dissection
Partial resection of the ileum

Hilar
Perigastric
Peri-intestine

Post
Pre
Pre

2/50

5×5

Partial resection of the ileum

Peri-intestine

Pre

Gastric
Gastric

> 5/50

4.5 × 3.5

15/50

9.5
8

Masuda et al[16] Esophagus
Shafizad et al[17]
Gastric
Vassos et al[18]
Ileum
Gastric
Sakurai et al[10] Esophagus
Asakage et al[11]
Gastric
Tashiro et al[5]

Pre

Gastric
Gastric

Ki67
10%

1-5
2.5

Distal gastrectomy, perigastriclymphadenectomy
Inguinal LN
and hepatectomy
Gastrectomy + lymph node dissection
Perigastric
Gastrectomy + resection of the tail of the pancreas,
Perigastric
the spleen, and the transverse colon
Subtotal esophagectomy
Periesophagus
Total gastrectomy and omentectomy
Perigastric
Partial resection of the ileum
Inguinal
Extended gastrectomy, atypical liver resection,
Auxiliary
splenectomy
Middle and lower esophagectomy
Multiple
Total gastrectomy with distal pancreatosplenectomy Perigastric
and segmental liver resection

Post

No mutation
deletion 559-569 in
exon 11
Deletion 559-565 in
exon 11
deletion 557/558 in
exon 11

Pre
Pre
Pre
Pre
Pre
Post
Post
Pre
No mutation
Exon 11

Proximal gastrectomy with sampling of the
regional LNs

HPF: High-power fields; LNM: Lymph node metastases; Pre: Before or during operation; Post: After operation.

was negative in the LNM, whereas it was positive in
primary tumor. It could be speculated that the Ki67
and Dog-1 levels may be markers of a primary tumor
de-differentiation tendency.
Activating mutations of the c-kit gene (especially
exons 11 and 9) are present in most GISTs and
probably play a fundamental role in the development of
these tumors. Among the reported cases of LNMs from
GISTs, few gene detection results have been described,
[5,7,13,14]
most of which are exon 11 mutations
. In the
[13]
study by Kong et al , the exon 11 mutation was
linked to the likelihood of LNMs. However, in our case,
we found an exon 9 mutation. This genetic mutation in
the LNMs from GISTs has not been reported to date.
The relationship between gene mutations and LNMs is
still not clear, but many authors have stated that KIT
exon 9-mutant tumors developed imatinib resistance
[20,21]
more frequently than exon 11-mutant tumors
.
Cases with exon 9-mutant tumors should be treated
with increased imatinib doses. Because the patient
declined imatinib treatment after the first surgery, he
was treated with 400 mg of imatinib per day after the
second operation.
In conclusion, complete surgical resection re
mains the mainstay of treatment for resectable
GISTs. Imatinib is currently indicated for the first-line
treatment of patients with metastatic or unresectable
KIT-positive GISTs. Adjuvant therapy with imatinib was
deemed necessary for this patient following complete
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resection of a primary jejunual tumor because it was
an aggressive, high-risk form of GIST. Unfortunately,
he did not take imatinib after his first operation, and
distant lymph node metastases occurred after 12
months. Following the second operation, the patient
received imatinib treatment and had survived without
disease progression at the 1-year follow up.
This case confirms that LNMs in the mediastinum
and supraclavicular lymph nodes is a potential
metastatic route for malignant GISTs. Further studies
are needed to clarify the mechanism of lymph node
metastases in patients with GISTs.

COMMENTS
COMMENTS
Case characteristics

The patient was admitted to hospital, complaining of a left cervical mass, which
had been diagnosed as a jejunum gastrointestinal stromal tumor (GIST) and
cured by surgery 1 year before.

Clinical diagnosis

For the differential diagnoses of thyroid tumor, lymphoma, or metastatic
carcinoma, the patient underwent computed tomography (CT), ultrasound (US),
positron emission tomography-computed tomography (PET-CT) and biopsy.
US, CT and PET-CT revealed a hypoechoic, unenhanced and uneven FDG
uptake mass above the left clavicle measuring 3.1 cm × 4.6 cm.

Laboratory diagnosis

After a biopsy of the cervical mass, this patient was diagnosed as having
supraclavicular lymph node metastases from GISTs.
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Pathological diagnosis

10

Treatment

11

Core needle biopsy was carried out, and the histopathological examination
using hematoxylin-eosin stain showed lymph node metastasis from GIST.

The patient underwent surgical removal of the cervical mass and was regularly
given imatinib 400 mg per day after the second operation.

Experiences and lessons

12

This case confirms that LNM in the mediastinum and supraclavicular lymph
nodes are a potential metastatic route of malignant GISTs. Physicians should
be aware of this during operation and chemotherapy. In this case report, we
tried to give some but not sufficient evidence of the possible mechanisms of the
supraclavicular lymph node metastasis.

13

Peer-review

This case report is well organized and had much information including genetic
analysis data on primary GIST and metastatic lesion.
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David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
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EDITORIAL

Typhoid intestinal perforation in developing countries: Still
unavoidable deaths?
Sandro Contini
low-middle-income countries. Although the mortality
rate consequent to TIP in resource-poor countries is
improved in the last decades, it is still fluctuating from
5% to 80%, due to surgical- and not surgical-related
constraints. Huge economic costs and long timelines
are required to provide a short- to middle-term solution
to the lack of safe water and sanitation. Inherent
limitations of the currently available diagnostic tools
may lead to under-evaluation as well as over-evaluation
of the disease, with consequent delayed treatment
or inappropriate, excessive antibiotic use, hence in
creasing the likelihood of bacterial resistance. There
is a need for immunization programs in populations at
greatest risk, especially in sub-Saharan Africa. Uniform
surgical strategies and guidelines, on the basis of sound
or prospective surgical studies and adapted to the
local realities, are still lacking. Major drawbacks of the
surgical treatment are the frequent delays to surgery,
either for late diagnosis or for difficult transports,
and the unavailable appropriate intensive care units
in most peripheral facilities. As a consequence, poor
patient’s conditions at presentation, severe peritoneal
contamination and unsuitable postoperative care are
the foremost determinant of surgical morbidity and
mortality.
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Abstract

Core tip: Typhoid perforation in low-middle-income
countries has still a disappointing outcome, related to
surgical and not surgical constraints: (1) safe water
and sanitation are lacking in high risk settings like
slums or overcrowded areas; (2) currently available
diagnostic facilities have inherent limitations; (3)
multiple drugs resistant bacteria are an increasingly

Typhoid fever is a public health challenge mostly con
centrated in impoverished, overcrowded areas of
the developing world, with lack of safe drinking and
sanitation. The most serious complication is typhoid
intestinal perforation (TIP), observed in 0.8% to 39%,
with a striking rate difference between high-income and
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response delayed afterward. Unlike other perforations,
the omentum does not migrate to the perforation
[14]
site . The number and size of perforated ulcers do
not affect the severity of the symptoms. Although the
[20]
mortality consequent to TIP is certainly improved
when compared to the 58% of death rate almost 50
[21]
years ago in Nigeria , still the reported mortality rate
is fluctuating from 5% in the best settings to 80% in
[10,22-26]
peripheral facilities
, with a not negligible death
[27-30]
rate reported in tertiary hospitals
. Conversely,
developed countries observed a decline in mortality to
less than 5%, due mainly to timely surgery and appro
[13,31,32]
priate pre- and post-operative intensive care
.
Several constraints contribute to this disappointing
death rate, either related to the surgical management
or linked to local settings and primary health care
strategies.

threatening problem; (4) vaccination programs in
some high risk regions, like sub-Saharan Africa, have
not yet been carried out; (5) surgery is often delayed;
(6) in peripheral facilities postoperative intensive care
is problematic and often unsuitable; and (7) surgical
standards and guidelines are not available due to the
lack of sound prospective studies.
Contini S. Typhoid intestinal perforation in developing
countries: Still unavoidable deaths? World J Gastroenterol 2017;
23(11): 1925-1931 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i11/1925.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.1925

INTRODUCTION
Typhoid fever is a public health challenge, mostly
occurring in impoverished, overcrowded areas of
the developing world, with lack of safe drinking and
[1]
sanitation . Although there is some evidence that
typhoid fever incidence rates have declined over the
past several decades, still the global estimation of
[2]
typhoid fever episodes in 2010 was of 13.5 million .
The majority of disease burden has been observed
[3]
in South and South-East Asia and in sub-Saharan
Africa, primarily in the low income neighborhoods
[3,4]
of the capital cities but also in rural areas . Data
collection is substantially underestimating the morbidity
[5,6]
and mortality of typhoid , for the inherent limits
of evaluations based on extrapolation of data across
regions and age groups. Moreover, reliable data are
particularly scanty where the burden of the disease is
mostly concentrated.

NON SURGICAL RELATED CONSTRAINTS
Lack of water and sanitation, overcrowding

A more diffuse access to water safety and sanitation
is fundamental for the control of typhoid fever, but the
related huge economic costs and long timelines will
not allow a short- to middle-term solution. Healthcare
systems of poor resources countries, especially when
affected by internal or external conflicts, may not
afford the cost of these socioeconomic improvements.
Conversely, targeted interventions on densely populated
urban communities like slums, where typhoid fever is
[33,34]
a serious problem, could be a possible way out
.
In the meantime fewer resources could be directed
towards rural areas with lower population density where
[35,36]
enteric fever is less common
.

Inadequacy of immunization programs

Typhoid fever and typhoid intestinal perforation

Globally, typhoid fever has a case-fatality rate of
10%-30% without effective treatment, reduced to
[7,8]
1%-4% with appropriate management . The true
[9]
incidence of complications is unknown , but alarming
problems may arise in 10% to 15 % of patients,
especially when the disease is lasting for two or
[10]
more weeks . The commonest GI complication is
intestinal bleeding, usually not severe and managed
[11]
conservatively , while typhoid intestinal perforation
[11,12]
(TIP) is the most serious one
. It has been reported
[13-15]
in 0.8% to 39%of patients
, with a striking di
fference between high-income and poor resources
[16,17]
countries
A higher propensity to perforation has
been observed in sub-Saharan Africa than in Asiatic
countries, suggested to be consequent to more virulent
[18]
agents , though likely more related to data coming
from referral hospitals, where the very ill patients are
[19]
seen, than to a true local disease virulence .

Almost all public health typhoid vaccination programs
in the groups of populations at greatest risk have been
performed in Asia (Table 1), with the strongest impact
in endemic settings and in the short- to medium[37]
term . The oral vaccine was found to be highly costeffective when targeting ages 1-14 years in highburden/high-risk districts, as well urban slums and
[38]
rural areas without improved water . Remarkably,
no vaccination experience has been reported from
sub-Saharan Africa, where emerging threats, including
multidrug resistance and increasing urbanization, would
[4,39,40]
warrant concentration on immunization programs
.
The recently proposed Typhoid Risk Factor (TRF)
[41]
index , which takes into account the drinking water
sources, toilet facility types, and population density,
seems a reliable tool to evaluate variations in the
disease burden, helping decision makers to identify
high risk areas and prioritize the right populations for
vaccination.

Clinical features and mortality of TIP

Increasing antibiotics resistance

Resistance to commonly used antibiotics in typhoid
fever is becoming an emergent problem in endemic

Clinical features may be misleading: peritoneal irritation
can be almost absent before perforation, and peritoneal
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[54]

should not delay surgery . Similarly, adjustment of
electrolytes and fluids imbalance or anemia correction
should postpone surgery only for a short time as
prolonged resuscitation can adversely affect the
[55,56]
outcome
.
Frequent causes of surgical delay are protracted or
late referral from inadequate health facilities, difficult
transport systems (both ambulances and roads),
difficulties sourcing funds for treatment and diversion
[18]
of patients to alternative medical therapies
before
consulting the hospital.

Table 1 Reported experiences with typhoid vaccination
[37]
strategies
Vaccination strategies
Preemptive community-based routine
vaccination
Preemptive community-based routine
vaccination campaign
Preemptive disaster-response communitybased vaccination campaign
Preemptive school-based vaccination
Reactive (outbreak response) communitybased vaccination campaign
Reactive (outbreak response) school-based
vaccination

Countries
China, India
China, India, Pakistan,
Vietnam
Fiji, India Pakistan
Chile, China, Indonesia,
Nepal, Pakistan, Vietnam
Fiji, Tajikstan

SURGICAL RELATED CONSTRAINTS

China

areas . In resource-limited countries the few re
maining effective antimicrobials are either unavailable
or too expensive and at the moment the development
of new effective low-cost drugs has a little short-term
perspective. More than one third of patients in many
endemic areas are affected by Multi Drug Resistant
[43]
(MDR) bacteria : nearly 75% of S. Typhi isolated from
a population-based surveillance in Kenya were multi[36]
drug resistant .

Non-operative treatment has been proposed in
the past in moribund patients or for long-standing
[22]
perforations , but there is now uniform agreement
that the ultimate treatment for TIP should be a surgical
one, although the best surgical management remains
controversial. Actually, the type of surgical technique
might have limited influence on the outcome, that
is likely more related to the preoperative clinical
conditions of the patients, to the degree of abdominal
contamination and to the quality of pre- and post[57]
operative care .

Delay in diagnosis

Scarcity of prospective studies and guidelines

[42]

Several surgical solutions have been proposed for
the treatment of TIP, with a consequent variability of
morbidity and mortality. Indeed, explicit surgical guide
lines, particularly aimed to resource-poor countries, are
lacking. Most reports are retrospective, often including
a small number of patients with not rarely incomplete
data and poor statistical analysis. Surgical morbidity
and mortality are often reported without any risk ad
justment based on the severity of the disease, delay of
[50,55,57-60]
treatment etc. The few available prospective
studies highlighting that patient’s conditions have a
more significant impact on patient’s outcome than
the type of surgical procedure, are shown in Table 2,
which is including all prospective studies found in the
literature about TIP.

Since clinical features are not always reliable, typhoid
may be differentiated with difficulty from other coendemic acute febrile illnesses. Validated prediction
rules from clinical features and laboratory results are not
[44,45]
available
. Blood culture remains the gold standard
[46]
for diagnosis, especially in the first week of illness , but
with a large range of sensitivity (40%-80%) and is less
reliable during antibiotic treatment. Stool cultures have
lower sensitivity (< 40%). Widal test can be performed
with minimal laboratory infra-structure and might be a
good diagnostic support, especially in the second week
of disease, but misuse and misinterpretation can be
[47]
critical . Poorly reliable tests may lead either to underevaluation or over-evaluation of the disease, delaying
a correct treatment or leading to inappropriate and
excessive antibiotic use.

Unavailable appropriate postoperative care

Postoperative care may be quite complex in these
very fragile patients, frequently presenting with a
septic state, coexistent diseases and an impaired
immunological status. Moreover, intensive care units
supplied for possible renal or respiratory failures, with
available appropriate antibiotics for overwhelming
infections and with accessible tools for nutritional
support, are found infrequently in resource-poor coun
tries, especially in peripheral or rural settings.

Delay in surgical treatment

A timely surgical treatment can prevent the severe
peritoneal contamination observed in up to 70% of
[18,23-25,48,49]
patients
, associated with a high mortality
[50,51]
rate
. Moreover, early surgery might reduce the need
for extensive surgical procedures, with their contribution
[52,53]
to a high morbidity and mortality
. From 30% to
100% of perforated patients may wait a long period
before surgery, especially in rural areas and peripheral
facilities. Indeed the diagnosis can be challenging in
very young patients, in those who perforate while on
[18]
medical treatment
or in presence of a generalized
septic state, but if symptoms are evocative, diagnostic
confirmation by either abdominal x-ray or ultrasound,
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Surgical technique

The type of the surgical procedure does not appear to
[13,19,56]
influence the mortality of TIP
; conversely, sound
surgical judgment and experience are required to
select the appropriate surgery according to the surgical
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Table 2 Prospective studies reported in literature about surgical management of typhoid intestinal perforation
Ref.

Conclusions

Haider et al[60], 2002
Adesunkanmi et al[50], 2003
Bashir et al[67], 2003
Shukla et al[68], 2004
Edino et al[55], 2007
Gedik et al[58], 2008
Mohil et al[57], 2008
Pandey et al[69], 2008

Tade et al[59], 2011
Ibrahim et al[70], 2014
Chaudhary et al[75], 2015

Late presentation, delay in operation, multiple perforations, and drainage of copious quantities of pus and fecal material
from the peritoneal cavity adversely affected the incidence of fecal fistula and the mortality rate.
Peritonitis assessment by APACHE II score (50% perforations). A modified APACHE II score greater than 15 was
associated with a significantly greater mortality.
Primary ileostomy vs simple repair vs resection anastomosis: ileostomy is a good life saving procedure (statistical
evaluation not reported).
Single layer vs double layer repair: good closure of the perforation rather than single- or double-layer repair that
determines the outcome in patients with enteric perforation.
Mortality is significantly affected by multiple perforations, severe peritoneal contamination and burst abdomen.
Mannheim Peritonitis Index and perforation-operation interval were found independent risk factors affecting morbidity.
Disease severity assessed by POSSUM score. Severity of disease rather than surgical procedure has a significant impact on
the outcome.
T-tube inserted into the bowel lumen after closing all distal perforations vs primary closure vs resection. In children with
multiple perforations and poor general condition, the use of T-tube may be an effective management option (statistical
evaluation not reported).
ASA class is a significant predictor of mortality in patients treated for typhoid intestinal perforation.
Single layer vs double layer repair: single layer repair of the perforated ileum due to typhoid enteric perforation with
peritonitis in children was effective by reducing complication rates.
Temporary loop ileostomy for perforation peritonitis due to benign systemic diseases like typhoid fever and tuberculosis
confers a very high morbidity.

[25,60]

findings and especially in advanced diseases
.
Primary repair is usually performed for single or
isolated perforations by single or two suture layers.
Segmental resection and anastomosis is preferred
in presence of multiple adjacent perforations, while
[21,61-63]
wedge resection is reported infrequently
.
Simple repair has generally a lower mortality rate
than resection, although death rate remains high
[64-66]
when abdominal contamination is severe
. Few
[67-70]
studies
evaluated prospectively single vs double
layer repair without achieving definite conclusions,
as shown in Table 2. The correlation between a high
number of perforations, perhaps due to a highly virulent
[17,18]
causative organism
, and a poor surgical outcome is
[12,56,59]
questionable
. Enterocutaneous fistula is the most
[71,72]
alarming complication, with a mortality up to 67%
,
that is likely underestimated because death can occur
[73]
months after surgery .
Ileostomy is usually reserved to patients with severe
disease, delayed presentation and very contaminated
[11,13]
abdomen, with a high risk of suture leakage
.
Ileostomy has been also described as a routine primary
[74]
procedure
although it is associated with high mor
bidity rate and complications like prolapse, stricture,
retraction, parastomal hernia, mainly when performed
[75]
in patients with critical conditions . Moreover, loss
of intestinal fluids from ileostomy can be managed
with difficulty in austere environment and shortage of
suitable ileostomy bags, with consequent skin damage
around ileostomies, not rarely induces the patient to a
self-limitation of food intake.
Delayed primary closure of the abdominal wall has
been recommended for heavily contaminated wounds
[76]
since a long time , but to date the optimal method
[77]
of closure in such situations remains controversial .
Vacuum assisted closure appears promising but may
not be feasible in peripheral facilities. Scheduled re-
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laparotomies, allowing early recognition of complications
and a more appropriate cleaning the abdominal
cavity, have been performed with a positive impact on
[64]
survival . However, this policy has the disadvantage
to submit the patients to multiple surgical trauma and
increases the workload of the operative theater.
A laparoscopic approach to TIP has been occasionally
[78,79]
carried out with acceptable results
. There is no
evidence that laparoscopy is more advantageous than
open surgery, although it could be considered as an
advantageous diagnostic tool in doubtful abdomens. A
concern is the need of a highly technological equipment
and of an appropriate maintenance, often lacking in
poor resources countries.

CONCLUSION
Treatment and outcome of the TIP are still unsatisfactory
in LMICs, with barriers related to local settings, local
health strategies and specific surgical issues. An
estimate of the burden of enteric fever and enteric fever
drug resistance, especially in sub-Saharan Africa, is still
inadequate. Local public health planning in high risk
settings is essential to improve safe water availability
and sanitation, but this compulsory achievement will
be forcedly slow. Selected immunization programs,
should be considered in areas at high risk, like slums or
overcrowded places, especially in sub-Saharan Africa,
where vaccination programs were never carried out
despite the high burden of the disease. The recently
proposed TRF index may help decision makers to
identify high risk areas. Currently available diagnostic
tools for typhoid fever have limitations in terms of
speed, sensitivity, infra-structure requirements, and
suitability. New approaches are needed to address
many of these limitations for resource-poor countries.
The emergence of multiple drugs resistant bacteria is
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a threatening problem for the already overstretched
health care systems of LMICs, taking into account
the scarce resources to pay for effective antibiotics.
A long delay before surgery, either due to a late diag
nosis or to a protracted referral time, may strongly
condition the surgical outcome. Prospective studies
about surgical treatment of TIP in LMICs are lacking
and should be encouraged in order to provide clearcut surgical standard and guidelines. No one single
surgical procedure can be recommended as a standard
treatment on the basis of sound surgical studies. Any
timely surgery carried out in a short time and allowing
a swift clearing of peritoneal contamination, is the
most likely to give the best outcome. A problematic
pre- and post-operative care, due to lack of intensive
care units, especially in peripheral hospitals, is a
further shortcoming affecting the surgical outcome,
independently on the type of surgery.
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REVIEW

Insights on the use of biosimilars in the treatment of
inflammatory bowel disease
Michael K Zheng, David Q Shih, Gary C Chen
necrosis factor (TNF) signaling, has proven to be an
efficacious method of treatment for patients with
inflammatory bowel disease (IBD) with regards to
symptom management and mucosal healing. However,
the rising prevalence of IBD worldwide and the everincreasing burden of biologic pharmaceuticals in
the health care industry is alarming for insurance
companies, clinicians, and patients. The impending
patent expiry and the relatively high costs of biologics,
particularly anti-TNF agents, have paved the way for
biosimilar development for IBD. The United States
Food and Drug Administration defines a biosimilar as a
biological product that is highly similar to its reference
medicinal product, with no clinically meaningful
differences in terms of safety, purity, and potency.
The hope with biosimilars is that their entry into the
market will be able to drive competition between
pharmaceutical companies to reduce prices like that
of the generic market, and that access to appropriate
biologic treatments for IBD patients is increased in
the long-term. Yet, there are challenging issues such
as indication extrapolation and interchangeability that
are still being debated in the field of IBD and must be
addressed in future issued guidance. This review will
discuss the issues and implications concerning the use
of biosimilar therapy for IBD.
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Core tip: The expiration of patent protection for various
biologics and increasing health care expenses has
paved the way for biosimilars to enter the market. The
introduction of biosimilars is expected to produce cost
savings in the health care industry as well as provide
patients with inflammatory bowel disease with wider
access to treatment.

Abstract
Biologic therapy, such as those that target tumor
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agents has triggered the development of highly similar
versions of these drugs known as “biosimilars” (Table 1).
The approval of these biosimilar therapies is expected
to generate competition in the pharmaceutical market
that will reduce the financial burden of patient care
and allow more patients to access treatment. However,
the effectiveness of biosimilars is being debated due
to several factors including an expedited regulatory
approval process for biosimilar therapy and the notion
that once approved, a biosimilar may be approved for
all other indications for which the reference medicinal
product (RMP) has been approved, without the need
[14,15]
for clinical trials for the latter indications
. The
purpose of this review is to discuss the emergence and
implications of biosimilar market entry and to evaluate
the progress of biosimilar therapy for IBD.

Zheng MK, Shih DQ, Chen GC. Insights on the use of
biosimilars in the treatment of inflammatory bowel disease.
World J Gastroenterol 2017; 23(11): 1932-1943 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i11/1932.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i11.1932

INTRODUCTION
There are two conditions that mainly characterize
inflammatory bowel disease (IBD): ulcerative colitis
(UC) and Crohn’s disease (CD). These are chronic,
relapsing, immune-mediated inflammatory diseases
of the gastrointestinal tract. Whereas UC is an in
flammatory condition that only affect the colon, CD
is a chronic inflammatory condition with pathological
features such as patchy transmural inflammation and
[1]
fibrostenosis . Urbanization, industrialization, and
lifestyle are all factors that contribute to the rising
[2]
incidence of IBD worldwide . It has been estimated
that approximately 1.4 million Americans are affected
by IBD and afflicted with recurrent symptoms of
bloody diarrhea, abdominal pain, bowel obstruction,
[3,4]
and other co-morbid conditions .
The introduction of biologic therapy for IBD proved
[5]
to be a breakthrough for patients with the disease .
Biologic products are highly complex molecules that
[6]
are manufactured using living organisms . In the
pharmaceutical industry, biologics that are classified
as monoclonal antibodies (mABs), particularly those
that serve to antagonize tumor necrosis factor (TNF)
signaling, have provided specialists and IBD patients
with a proven and efficacious method of symptom
management, mucosal healing, and prevention of long[7,8]
term complications . TNFα is a cytokine responsible
for causing an inflammatory response towards tissue
damage, and it was discovered to play an important
role in the pathophysiology of chronic immunological
[9]
diseases, including IBD and rheumatoid arthritis (RA) .
In addition, mABs that antagonize the α4β7 integrin
have been developed to treat IBD. The α4β7 integrin
was found to be involved in interactions that facilitate
[10]
T-cell extravasation into the GI tract . Patients who
fail to respond or demonstrate hypersensitivity to antiTNF therapy may also be treated with biologics that
target the interleukin (IL)-12 and IL-23 pathways. IL-12
and IL-23 are proinflammatory cytokines that play a
role in the differentiation of T-helper cells into type 1
[11]
T-helper cells as well as T-helper cell proliferation .
Currently, four anti-TNF biologics (infliximab, adali
mumab, golimumab, and certolizumab) and two antiintegrin biologics (natalizumab and vedolizumab) have
been approved for use in IBD treatment, while one antiIL biologic that targets IL-12 and IL-23 (ustekinumab)
[12,13]
has been approved for CD treatment
.
Despite the effectiveness of biologics in treating
IBD, the approaching patent expiry of certain anti-TNF
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THE RISE OF BIOSIMILARS
What are biologics?

Biologic medicines are considerably more complex
than small-molecule chemical generics. Compared with
small-molecule medicines, which can be synthesized
relatively easily and replicated chemically, biologics
are large and complex three-dimensional structures
produced using living cell lines and are difficult to
[16]
replicate .
Whereas chemical generics only require about 50
critical tests during the manufacturing process, biologics
demand a highly regulated manufacturing process
consisting of 250 or more tests and a sophisticated
[17]
quality control protocol . In order to produce biologic
agents, the gene for the protein of interest is inserted
into a cell that produces and secretes the biologic agent
in culture. After harvesting, the biologic undergoes
protein purification before product formulation and
[16]
packaging for clinical use . Biologics are typically made
in living cells that are highly sensitive to environmental
changes and external conditions (such as temperature,
light, and shear forces). As a result, different batches of
the same biologic will vary in structural properties such
as size, post-translational modifications, and folding
[17,18]
pattern
.
For patients with IBD, biologic treatment is an
effective therapy. Infliximab (IFX) is a human-murine
chimeric mAB that blocks the action of TNFα (antiTNF) and is used to treat various immune-mediated
[19]
inflammatory diseases . Remicade, an IFX biologic
used in the treatment of various auto-immune and
inflammatory diseases, has been approved as therapy
for induction and maintenance of moderate-to-severe
[20]
CD and UC in both adult and pediatric IBD patients .
Subsequent to the approval of IFX, three other antiTNF drugs (adalimumab, certolizumab pegol, and
golimumab) and two anti-integrin biologics (natalizumab
and vedolizumab) are approved therapies to treat IBD,
while one anti-IL biologic that targets IL-12 and IL-23
[12,13]
(ustekinumab) has been approved for CD treatment
.
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Table 1 Comparison of biologics and biosimilars

Development costs[26,103]
Characterization
Patent duration
Approval process
Immunogenicity
Indication extrapolation

Biologics

Biosimilars

Approximately $2 billion
Exhibits heterogeneity
20 yr; up to 12-yr exclusivity period
Submission of a BLA
Possible risk
Not permitted

Approximately $100-250 million
Exhibits heterogeneity
No patent licensing
Submission of an aBLA
Possible risk
Case-by-case basis

aBLA: Abbreviated biologics license application; BLA: Biologics license application.

What are biosimilars?

clinical trials, or are awaiting approval from regulatory
agencies (Table 2).

The regulatory pathway of a biologic drug is a timeconsuming process that requires successful clinical
trials that demonstrate clinical efficacy as well as
approval from regulatory agencies such as the United
States Food and Drug Administration (FDA) and
[14,21,22]
European Medicines Agency (EMA)
. However,
in the context of biosimilars, regulatory agencies only
need to ensure that high similarity or comparability
is demonstrated between the biosimilar and its RMP
before a biosimilar candidate can be approved and
[15]
marketed, resulting in a simpler approval pathway .
According to the FDA, a biosimilar is a biological
product that is highly similar to a RMP, with no cli
nically meaningful differences in terms of safety,
[22]
purity, and potency . Biosimilars and generic drugs
both represent competition towards brand-name
drugs. Although a manufactured generic is an exact
copy of the original small-molecule medicine, it is not
[23]
possible to generate identical copies of a biologic .
Since biologics are difficult to replicate, biosimilars
are manufactured using alternate methods such that
the final product is almost identical to the RMP with
[24]
respect to the primary amino acid sequence . Due
to the inherent variability of the living bacteria-based
systems used to make biosimilar drugs, there is micro
[25]
heterogeneity between biosimilar and RMP .
The emergence of biosimilar therapies is an
inevitable outcome of patent expiration. From the
date of filing, a drug’s patent lasts up to 20 years,
with exclusivity lasting up to 12 years, according
to the Biologics Price and Competition Innovation
[26]
Act of 2009 . Pharmaceutical companies rely on
patent exclusivity and protection to benefit from
investment return. Once a patent expires, companies
are immediately able to market generics, which
[27]
usually have lower prices driven by competition .
The anticipation with biosimilars is that their entry
into the market will be able to drive competition
between pharmaceutical companies, to reduce prices
comparably to how the generic market has, and to
increase overall patient access to appropriate biologic
treatments in the long-term. Currently, only two
biosimilars have been approved for use in IBD in the
United States: infliximab-dyyb and adalimumab[28,29]
atto
. However, multiple anti-TNF biosimilars have
either been proposed, are being tested in late stage
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COMPARING BIOLOGICS AND
BIOSIMILARS
Mechanism of action

IBD is characterized by immune dysregulation in
a genetically predisposed individual, resulting in
overproduction of TNFα by macrophages, monocytes,
[30,31]
and T cells
. Anti-TNF therapy is an efficacious
method that can treat IBD by blocking proinflammatory
mediator TNF. Anti-TNF mAbs can also induce the
formation of regulatory immunosuppressive macro
phages and anti-inflammatory cytokines to further treat
[31]
IBD . Certain mAbs such as IFX and adalimumab
(ADA), but not certolizumab, have the ability to mediate
antibody-dependent cell-mediated cytotoxicity (ADCC),
an immune response characterized by the lysis of
target cells by activated effector cells, including natural
killer cells, monocytes, macrophages, neutrophils,
[32]
and eosinophils . The crystallizable fragment of the
IgG1 antibodies of these mAbs is necessary to exhibit
[33]
ADCC .
Molecules in the same class, such as TNF inhibitors,
may be extrapolated across all indications because
they share the same mechanism of action. Extrapo
lation across indications is a process that may be
considered when there are changes in manufacturing
[18]
from an originator biologic or route of administration .
Typically, clinical data that corresponds to one indi
cation may be extrapolated to additional indications
based on information on comparability. Because clinical
efficacy of the RMP is already established, the number
of preclinical and clinical studies required for approval
may be less for biosimilars, and studies may only be
[34]
required for a subset of indications . Clinical studies
and analytical tests that observed comparability in
physiochemical features and mechanism of action
between RMP and biosimilar supported the approval of
infliximab-dyyb across all indications of IFX by the FDA
[18,28,35]
and EMA
.

Pharmacokinetic profile

Pharmacokinetics (PK) refers to various factors (ab
sorption, bioavailability, distribution, metabolism, and
excretion) involved with the movement of a drug into,
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SUCCESS, was performed to evaluate combination
therapy in UC patients. At week 16, greater occurrence
of mucosal healing and corticosteroid-free remission
was observed those treated with combination therapy
[44]
than with IFX or AZA alone . The COMMIT study
evaluated the safety and efficacy of IFX alone or
in combination with MTX in CD patients. Although
combination therapy was well tolerated, the number
of patients who achieved corticosteroid-free remission
at week 14 and maintained remission at week 50
was similar in both groups. However, only 4% of
patients who received MTX developed antibodies to
IFX, compared with 20% who received IFX alone.
Furthermore, trough serum concentrations of IFX
was also higher, albeit not statistically significant, in
[45]
patients who received MTX .
The use of immunomodulatory agents on biosimilar
treatment has shown to be feasible. In an extension
of the PLANETRA study, all enrolled patients received
intravenous infliximab-dyyb and concomitant metho
trexate. Both the maintenance and switch groups
displayed a similar proportion of patients with anti[46]
drug antibodies . Notably, the EMA also mentions the
concomitant use of methotrexate in the European public
[35]
assessment report for infliximab-dyyb .

1

Table 2 Proposed anti-tumor necrosis factor biosimilars
Reference medicinal
product
Infliximab

Adalimumab

Certolizumab pegol
Golimumab

Biosimilar name
Infliximab-dyyb (Celltrion)2
SB2 (Samsung Bioepis)
PF-06438179 (Sandoz)
BOW015 (Epirus)
Adalimumab-atto (Amgen)2
SB5 (Samsung Bioepis)
ZRC-3197 (Zydus Cadila)
MSB11022 (Merck KGaA)
PF688 (PFEnex)
BOW100 (Epirus)

1

Information for each biosimilar was derived from the website of its
respective drug company; 2Approved by the United States Food and Drug
Administration.

through, and out of the body. In addition to patientrelated factors (e.g., genetic makeup, sex, body mass
index, age, and disease severity), chemical properties
[36]
can also influence PK parameters . Compared with
small-molecule medicines, biologics and biosimilars
will have a slower rate of absorption, smaller volume
of distribution, different mechanisms of paracellular
and transcellular movement, and different routes of
[37]
clearance . A biosimilar must display a comparable
PK profile to the RMP. Results from a randomized study
indicated that three formulations of IFX [infliximabdyyb, United States RMP, and European Union (EU) RMP]
[38]
had highly similar PK and safety profiles . In addition,
an understanding of PK is necessary to optimize thera
[37]
peutic development and dosing in patients .

THE BENEFITS OF BIOSIMILARS
Potential cost savings with biosimilars

The high prices of biologic pharmaceuticals have
placed a burden on the healthcare industry, accounting
for a continually increasing share of drug spending
in the United States and limiting patient access to
appropriate treatment. The Office of the Assistant
Secretary for Planning and Evaluation estimates that
United States drug spending totaled about $457 billion
in 2015, making up 16.7% of overall health care
spending. Notably, prescription drug expenditures
are rising at a faster rate than overall spending, due
to factors such as population growth, inflation, and a
[47]
higher number of prescriptions per patient .
The estimated total costs of IBD in the United
[48]
States range from $14.6B to $31.6B . The growing
prevalence of the disease worldwide, in conjunction
with the high costs, is concerning for the economy
and may lead to unsustainable healthcare costs in
the future. Compared to patients without the disease,
direct medical expenditures have been found to be
around $13663 to $17434 higher for patients with CD
[49]
and $10039 to $12615 higher for patients with UC .
Biosimilars are expected to produce savings across
the board in the health care industry as a result of
various factors, such as reduced research and deve
lopment costs, competition driven by patent expiry, and
a simpler approval pathway. An Excel-based model of
Remsima for the treatment of various inflammatory
autoimmune diseases was created to estimate the
budget impact of Remsima. The model, which covers

Immunogenicity

Biologics have been shown to elicit an immunogenic
response in some patients, characterized by a release
[39]
of antibodies by antibody-secreting B cells . When
present, anti-drug antibodies can neutralize the clinical
efficacy of a biologic as well as cause unpredictable
[40]
side effects and loss of response . Immunogenicity
is a major health concern with all biologics as well
as biosimilars. Manufacturing, post-translational
modifications, route of administration, and patient
characteristics are several factors known to influence
[41]
immunogenicity .
Concomitant use of immunomodulators such as
azathioprine (AZA) and methotrexate (MTX) can
prevent immunogenicity by decreasing the formation
of anti-drug antibodies and reducing systemic
[42]
inflammation . The SONIC study evaluated the safety
of efficacy of treating CD patients with IFX or AZA
alone or in combination therapy. At week 26, there was
a greater occurrence of corticosteroid-free remission
and mucosal healing in those treated with combination
therapy than with monotherapy. Additionally, there
were fewer patients that developed serious infections
in the combination therapy group, compared with
[43]
both the IFX and AZA groups . A similar study, UC
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five countries (Germany, the United Kingdom, Italy,
the Netherlands, and Belgium) projects the biosimilar
to induce cost savings over one year of $63 million
(pounds converted to dollars) and the treatment of
[50]
3900 additional patients . Furthermore, another
budget impact model of Remsima in six different
countries (Bulgaria, Czech Republic, Hungary, Poland,
Romania, Slovakia) was developed while taking into
two scenarios: BSc1 (interchangeability disallowed)
and BSc2 (interchangeability allowed, 80% of patients
taking IFX are interchanged to biosimilar). In this
model, which estimates budget impact of Remsima in
the treatment of RA only, savings of $21M (BSc1) and
$29M (BSc2) are projected over 3 years, as well as the
[51]
treatment of an additional 1200 to 1800 patients .
The EU has provided the healthcare industry with
a preliminary impression of biosimilar market entry.
Biosimilars have been available in the EU since 2006,
and the observed average list prices are 30% lower
than the RMP, compared to the 70% to 80% savings
[26,52]
that generics induce
. Because biosimilars are
more difficult to manufacture, the cost reduction is not
expected to be as drastic as seen with generics.
Currently, filgrastim-sndz (Zarxio), an anti-cancer
drug, infliximab-dyyb, and adalimumab-atto are the
[28,29,53]
only biosimilars approved in the United States
.
The entry of biosimilars into the United States market
is important for the overall development and financial
success of the pharmaceutical industry, bearing in mind
that a majority of world biologics sales come from the
[54]
United States . From 2014-2024, it is anticipated
that the entry of the 11 most likely biosimilars into
the market will lead to $250 billion in savings for the
American healthcare industry, with the possibility of
greater disease control and reduced inpatient stays and
[55]
outpatient visits .

were able to initiate treatment than in the previous
[57]
year, due to the cost savings of biosimilars .

CHALLENGES WITH BIOSIMILARS
Indication extrapolation

There is uncertainty as to the level of efficacy of
certain biologic molecules in different indications. While
IFX and etanercept (ETN) are effective in treating RA,
[58]
ETN was determined to be futile in treating CD .
Studies show that in patients with CD, both IFX and
ETN are successful in TNF blocking, but only IFX is
capable of inducing apoptosis in order to reduce the
[59]
number of inflammatory cells . Notably, IFX provides
clinical improvement in RA, but not by the induction of
[60]
apoptosis .
The extrapolation of indications for infliximabdyyb for the indications of IFX has also prompted
questioning. IFX is effective in multiple tissues and
organ systems (joints, axial skeleton, GI tract, and
skin). However, even though the approval of infliximabdyyb in the EU was mainly supported by studies in
ankylosing spondylitis (AS), a chronic inflammatory
disease that affects the spinal vertebrae and sacroiliac
joints, and RA, the specific distribution and effectiveness
of IFX and infliximab-dyyb to affected tissues is not
known, presenting a potential problem in indication
[34,61-63]
extrapolation
. In 2014, Health Canada approved
infliximab-dyyb for all indications except for UC and
CD due to a lack of clinical data demonstrating proper
mechanism of action in all indications of IFX, and
residual uncertainty regarding the role and impact of
[34,64,65]
small differences in ADCC
. Because anti-TNF
agents may also depend on ADCC in addition to TNFα
neutralization, changes in ADCC tests pose a challenge
[33]
for extrapolation .

Wider accessibility for patients

Immunogenicity

The entry of biosimilars to market is expected to give
patients more choices and greater access to treatment.
Prior to the development of biosimilars, those who
required biologic therapy were either restricted to a
limited number of costly treatment options or placed
on a waiting list. A cross-sectional study, performed
in 49 European countries, revealed that RA patients
in lower income countries struggle with affordability
and have less access to biologic and synthetic disease[56]
modifying drugs . Fortunately, due to projected cost
reductions associated with biosimilars, a large number
of patients are expected to have a larger complement
of options available to them earlier in the course of the
disease.
Furthermore, if switching between a particular
RMP and its biosimilar are observed to be clinically
noninferior to continued treatment of the RMP, then
concerns about biologic shortages and waiting lists
would potentially be alleviated. In 2014, there were
1000 additional patients in the Czech Republic who
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As with biologics, it is important to take into con
sideration the unpredictable risk of immunogenicity
when introducing a biosimilar to the market. While
effective for treating inflammatory diseases such as
IBD, some patients either fail to respond or develop a
loss of response. Because indication extrapolation for
a biosimilar requires less clinical data than the initial
approval of a biologic would, information regarding
immunogenicity of the biosimilar in patients for in
dications without substantial data becomes difficult
to support without performing extensive clinical
[34]
trials . The FDA and World Health Organization
have advised that immunogenicity be investigated in
populations that are at the highest risk of an immune
[15,66]
response and immune-related adverse events
.
Furthermore, performing in vivo and in vitro assays
(e.g., size exclusion, western blots, and enzyme-linked
immunosorbent assays) throughout development can
[39]
lessen the probability of an immunogenic response .
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Recent data suggests that it may not be appro
priate to extrapolate immunogenicity data from
the RMP to the biosimilar. Following results of a
study which revealed cross-reactivity between antiIFX antibodies and infliximab-dyyb, the European
League Against Rheumatism stated that switching
from IFX to infliximab-dybb may not be appropriate
[67]
for all patients . Given the unpredictability of antidrug antibody formation, diagnostic tests have been
developed in order to better estimate the efficacy of
biologics and biosimilars in patients with IBD. The
Anser IFX and Anser ADA, developed by Prometheus
Laboratories, were designed to measure the serum
levels and antibodies of patients being treated with
IFX or ADA, respectively. In a cohort study of patients
with acute UC (n = 115), detectable trough serum
concentrations of IFX were shown to predict improved
[68]
outcomes . Recently, the Anser IFX was validated
for use in patients who are treated with infliximab[69]
dyyb .

Puerto Rico have either considered, passed legislation,
or enacted law regarding the automatic substitution
[76]
of biologics for biosimilars at the pharmacy level .
Automatic substitution allows pharmacists to replace
biologics with biosimilars without informing or obtaining
[77]
approval from the prescribing physician . There are
currently no studies that demonstrate the implications
of cross-switching (switching between two biosimilars),
reverse-switching (switching from a biosimilar to
its RMP), or switching between multiple biosimilars.
However, it is possible that switching between multiple
biosimilars may lead to an immunogenic reaction and
reduced efficacy of the drug. Because antibodies can
develop within 2 to 3 treatments, an updated statement
from the European Crohn’s and Colitis Organization
advises against switching within six months of initiating
[78]
treatment for non-medical reasons . Ultimately, the
FDA is expected to issue their official guidance on inter
[79]
changeability by the end of 2017 .

THE STATE OF BIOSIMILAR
DEVELOPMENT

Interchangeability

One of the major obstacles for the entry of biosimilars
into the market is interchangeability. The Abbreviated
New Drug Application (ANDA) is an application that
uses bioequivalence as a basis to demonstrate that a
new generic is similar enough to the original branded
drug. Most generics are considered interchangeable
once the ANDA is approved, and pharmacists are
allowed to switch branded drugs for generics at the
[70,71]
point of purchase, subject to state law
. Conversely,
interchangeability of biosimilars is not immediately
granted upon ANDA approval, which poses a challenge
[72]
for clinical use .
Manufacturers face concerns with both clinician
and patient acceptance, as well as the reluctance
to use the biosimilar in treatment, especially if such
a change is to alter a long established prescribing
[73]
practice . The FDA states that an interchangeable
product is “expected to produce the same clinical
result as the RMP in any given patient and, if the
biological product is administered more than once to
an individual, the risk in terms of safety or diminished
efficacy of alternating or switching between the use of
the biological product and the RMP is not greater than
the risk of using the RMP without such alternation or
[74]
switch ”. As a result, a biosimilar product may not
necessarily be interchangeable. Because an application
for interchangeability requires the fulfillment of
additional criteria, manufacturers may decide not to
pursue the “interchangeable” designation. Without
investing in extra clinical trials, patient and clinician
confidence in non-interchangeable biosimilars could
potentially decrease, despite a more rapid market
[70]
entry .
In the EU, a majority of biosimilars had relatively
little market share because of a lack of interchan
[75]
geability . A majority of United States states and
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Infliximab-dyyb

The results of two randomized and double-blind clinical
studies, PLANETRA and PLANETAS, contributed to
the approval of infliximab-dyyb in the EU for all the
indications of the RMP (infliximab): RA, CD, UC, AS,
[80]
psoriatic arthritis (PsA), and psoriasis (PsO) . Six
hundred and six RA patients enrolled in PLANETRA
were randomized to receive either IFX (n = 304)
or infliximab-dyyb (n = 302) in combination with
MTX and folic acid. In PLANETAS, 250 AS patients
were randomized to receive either IFX (n = 125) or
infliximab-dyyb (n = 125) alone. At weeks 14 and
30 of both studies, the biosimilar was shown to have
demonstrated to have highly similar PK, efficacy, safety,
[61,62]
and immunogenicity
. In 2016, results from a
secondary analysis of PLANETAS were made available.
Through week 54, the observed PK parameters and
immunogenicity remained similar in the two treatment
groups. Withdrawal rates were similar in both the
biosimilar (n = 19) and RMP (n = 21) treatment
groups, with the most common cause being the case of
a treatment-emergent adverse event (TEAE). The most
common TEAEs (occurring in over 10% of patients in
each treatment group) were abnormal liver function
[63]
test and infusion-related reaction .
Several studies have been performed to address
infliximab-dyyb induction in IBD (Table 3). Mixed
results suggest that infliximab-dyyb and IFX may not
have similar clinical efficacy and safety in patients
with the disease. In Ireland, a study was performed
to compare 14 IBD patients taking an IFX biosimilar
(Inflectra) from January to July 2014 to 22 IBD patients
commenced on IFX from December 2011 to December
2013. Results indicated that Inflectra demonstrated
a significant decrease in clinical efficacy, with a 29%

1937

March 21, 2017|Volume 23|Issue 11|

Zheng MK et al . Biosimilars in IBD
Table 3 Clinical studies on infliximab-dyyb induction in inflammatory bowel disease
Ref.

Study

Population

Results

Safety

Jahnsen et al[84]

Prospective
observational

CD = 46; UC = 32

No adverse events reported

Jung et al[82]

Retrospective
multicenter

CD = 32; UC = 42

Gecse et al[85]

Prospective,
multicenter, nationwide
cohort

CD = 126; UC = 84

Descriptive

IBD = 36
(Remicade = 22;
Inflectra = 14)

Clinical remission rate at week 14: 79% (CD),
56% (UC)
Significant decrease in CRP, calprotectin
Clinical response at week 54: 87.5% (CD),
100% (UC)
Clinical remission rate at week 54: 75% (CD),
50% (UC)
Clinical response at week 14: 81.4% (CD),
77.6% (UC)
Clinical remission rate at week 14: 53.6% (CD),
58.6% (UC)
CRP levels: increase in 93% of Inflectra
patients, decrease in 100% of Remicade
patients

Switch from RMP to
Infliximab-dyyb
Prospective,
observational, cohort
switch

Pediatric CD = 32;
Pediatric UC = 7
CD = 57; UC = 26

Murphy et al[81]

Sieczkowska et al[86,104]
Smits et al[87]

Adverse events in 11% of UC
patients

Adverse events in 17.1% of all
patients

29% increase in hospital
readmission and 75% increase
in surgery rates with Inflectra
patients
Clinical remission rate: 88% (CD), 57% (UC) No adverse events reported
Decrease in PCDAI, CRP, ESR
No significant change in DAI, CRP,
No adverse events reported
calprotectin at week 16

CD: Crohn’s disease; CRP: C-reactive protein; DAI: Disease Activity Index; ESR: Erythrocyte sedimentation rate; HBI: Harvey-Bradshaw Index; IBD:
Inflammatory bowel disease; PCDAI: Pediatric Crohn’s Disease Activity Index; UC: Ulcerative colitis.

increase in surgery rate and 75% increase in hospital
[81]
readmission . Another retrospective multi-center study
evaluated the efficacy and safety of infliximab-dyyb in
anti-TNF naïve UC (n = 42) and CD (n = 32) patients.
After switching, therapeutic efficacy was maintained
in 93% (25/27) of CD patients and 67% (6/9) UC
patients at 54 wk. There were adverse events reported
in 11% of UC patients, but the results indicated compa
rable efficacy, safety, and interchangeability between
[82]
RMP and biosimilar . Clinical data from 46 CD and
32 UC patients in a infliximab-dyyb induction study
demonstrated comparable efficacy and safety to the
RMP. At week 14, 76% (32/42) of CD patients and
56% (18/32) of UC patients were in clinical remission,
and decreases in the Harvey-Bradshaw Index (HBI),
calprotectin levels, and C-reactive protein (CRP) levels
were observed in both indications. In addition, no
[83,84]
adverse events were reported
. A prospective, multi
center, nationwide cohort that examined infliximab-dyyb
induction in CD (n = 126) and UC (n = 84) revealed
clinical response in 81.4% (CD) and 77.6% (UC) of
patients as well as remission rates of 53.6% (CD) and
58.6% (UC). Adverse events were reported in 17.1% of
[85]
all patients .
Currently, there is limited data that addresses the
switching to a biosimilar from its RMP in IBD. How
ever, studies have suggested that switching between
[86,87]
biosimilar and RMP in IBD patients is feasible
.
NOR-SWITCH was a randomized, double-blind, parallelgroup study in Norway that evaluated the safety and
efficacy of a single switch from IFX to infliximab-dyyb
in patients with various inflammatory diseases (RA,
spondyloarthritis, PsA, UC, CD, and chronic PsO).
The study began in October 2014 and is expected to
[88]
be completed in January 2017 . Data presented at
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the United European Gastroenterology Week 2016
revealed that switching to infliximab-dyyb was not
[89]
inferior to continued treatment with RMP IFX .

SB2

Samsung Bioepis’s SB2 (Flixabi), an IFX biosimilar, was
approved in the EU for all the indications of infliximab,
as listed above. The approval of Flixabi was facilitated
by a randomized, double-blind Phase 3 study which
demonstrated comparable PK and immunogenicity to
IFX, and equivalent values for ACR20 in both the SB2
[90,91]
and IFX treatment groups at week 30 and 54
.

PF-06438179

Sandoz acquired the rights to Pfizer’s IFX biosimilar,
[92]
PF-06438179, in February 2016 . In September 2013,
a Phase 1 study, REFLECTIONS (B537-02), comparing
PF-06438179 to IFX in healthy volunteers (n = 146)
indicated comparability in the PK and immunogenicity
[93]
profiles of both treatment groups . REFLECTIONS
(B537-02) is an ongoing randomized, double-blind
Phase 3 clinical study comparing PF-06438179 to IFX in
combination with methotrexate in patients with acute
RA. The study began in August 2014 and is expected to
[94]
be completed in May 2017 .

BOW015

In September 2014, Epirus Biopharmaceutical’s
BOW015 became the first IFX biosimilar to be approved
in India, facilitated by Phase 3 clinical data of BOW015
[95]
in RA patients . Currently, Epirus has launched
another Phase 3 study in Europe, the UNIFORM study,
comparing BOW015 and IFX in patients with active RA.
Data is expected after the study’s primary completion
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[96]

date in July 2017

.

30% from the RMP were observed. Moreover, current
studies and experience provide optimism with regards
to future cost savings and interchangeability with their
RMPs. The FDA’s recent approval of Inflectra marks
significant progress in the emergence of biosimilar
therapy in the United States. Ultimately, as more
biosimilars enter the market, competition is expected
to drive prices down.
Perhaps the greatest hurdle that pharmaceutical
companies face is clinician and patient acceptance.
Issues such as immunogenicity and interchangeability
cannot be avoided. It has been suggested that the
development of anti-drug antibodies may have an
inhibitive effect on clinical response and patient
outcomes. Although diagnostic tests such as the
Anser IFX are able to provide some clarification to
patients, additional studies are necessary in order to
clear up any uncertainty with regards to the influence
of anti-drug antibodies. In addition, taking steps to
improve manufacturing processes and production
may contribute to avoid changes that influence an
immunogenic response in patients. As more data
becomes available, biosimilars have the opportunity
to increase patient access to a more affordable form
of appropriate treatment. Given the large number
of studies in progress, it is conceivable that more
promising results will expedite the transition towards
biologic and biosimilar interchangeability as well as
higher confidence in interchangeability and active
switching between biosimilar and RMP.
Hopefully, when the appropriate guidance is finalized,
the FDA will be able to answer many of the questions
that manufacturers and companies have pertaining
to biosimilar labeling and interchangeability. With the
necessary data and guidance at their disposal, it will be
feasible for clinicians to develop a treatment plan that is
more personalized and tailored towards specific patients
than before.

Adalimumab-atto

Amgen submitted an abbreviated Biologics License
Application (aBLA) to the FDA in November 2015 for
adalimumab-atto (Amjevita), a biosimilar candidate to
its ADA biologic, Humira, following the completion of
[97]
two phase 3 studies . The FDA approved Amjevita
across all eligible indications of Humira in September
2016. Amgen’s first study was a randomized, doubleblind, active-controlled phase 3 comparative study
performed to demonstrate comparable safety, efficacy,
and immunogenicity of ABP 501 and ADA with patients
with moderate-to-severe RA. Amgen believes that the
study met the primary endpoint of ACR20. Secondary
endpoints, ACR50 and ACR70, as well as the incidence
of TEAEs were also comparable between ADA and
[98]
ABP 501 . Another randomized, double-blind phase
3 study of Amjevita was performed in patients with
moderate-to-severe plaque PsO. Results achieved
the primary endpoint for efficacy of the study with a
percent improvement in Psoriasis Area and Severity
Index from baseline to week 16 of treatment, and
safety and immunogenicity were observed to be
[99]
comparable between ADA and Amjevita .

ZRC-3197

In December 2014, the first ADA biosimilar, Zydus
[100]
Cadila’s ZRC-3197 (Exemptia) launched in India
.
Approval of ZRC-3197 was facilitated by a randomized,
double-blind study comparing Exemptia and ADA
in patients with RA, yielding comparability data de
monstrating high similarity between the biosimilar and
the RMP in terms of efficacy, tolerability, and safety.
The 12-wk study saw only 3 of 120 subjects drop
out, all due to adverse events, and no deaths were
[101]
reported .

MSB11022

In March 2016, Merck KGaA announced the initiation
of AURIEL-PsO, a randomized double-blind study to
evaluate the safety and efficacy of its ADA biosimilar
candidate, MSB11022, compared with ADA in patients
with moderate-to-severe plaque PsO. Data is expected
in December 2016, with the study to be completed
[102]
around September 2017 .
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Role of autophagy in the pathogenesis of inflammatory
bowel disease
Tomoya Iida, Kei Onodera, Hiroshi Nakase
Recently, some studies provided strong evidence that
the process of autophagy affects several aspects of
mucosal immune responses. Autophagy is a cellular
stress response that plays key roles in physiological
processes, such as innate and adaptive immunity,
adaptation to starvation, degradation of aberrant
proteins or organelles, antimicrobial defense, and
protein secretion. Dysfunctional autophagy is recognized
as a contributing factor in many chronic inflammatory
diseases, including IBD. Autophagy plays multiple
roles in IBD pathogenesis by altering processes that
include intracellular bacterial killing, antimicrobial
peptide secretion by Paneth cells, goblet cell function,
proinflammatory cytokine production by macrophages,
antigen presentation by dendritic cells, and the
endoplasmic reticulum stress response in enterocytes.
Recent studies have identified susceptibility genes
involved in autophagy, such as NOD2 , ATG16L1 , and
IRGM , and active research is ongoing all over the world.
The aim of this review is a systematic appraisal of the
current literature to provide a better understanding
of the role of autophagy in the pathogenesis of IBD.
Understanding these mechanisms will bring about new
strategies for the treatment and prevention of IBD.
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Core tip: Recent studies provide strong evidence that
the process of autophagy affects several aspects of
mucosal immune responses. Autophagy is a cellular
stress response that plays key roles in physiological
processes. Dysfunctional autophagy is recognized as
a contributing factor in many chronic inflammatory
diseases, including inflammatory bowel disease (IBD).
Autophagy plays multiple roles in IBD pathogenesis.
Recent studies have identified susceptibility genes
involved in autophagy, such as NOD2 , ATG16L1 , and

Abstract
Inflammatory bowel disease (IBD) results from a
complex series of interactions between susceptibility
genes, the environment, and the immune system.
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IRGM , and active research is ongoing around the

disease-susceptibility genes and trying to find cus
[9]
tomized treatments for individual patients . To
date, approximately 200 loci have been identified
as being associated with both forms of IBD. Within
these 200 loci, based upon single nucleotide polymor
phism frequencies in IBD subjects versus controls, are
[10,11]
approximately 1500 potential associated genes
.
Representative autophagy-related genes are NOD2,
ATG16L1, and immunity related guanosine triphos
[1-3,12]
phatase M (IRGM)
. Autophagy has been linked to
a variety of diseases, but its link to IBD is currently the
subject of much debate.

world. The aim of this review is a systematic appraisal
of current literature to provide a better understanding
of the role of autophagy in IBD pathogenesis.
Iida T, Onodera K, Nakase H. Role of autophagy in the
pathogenesis of inflammatory bowel disease. World J
Gastroenterol 2017; 23(11): 1944-1953 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i11/1944.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i11.1944

INTRODUCTION

AUTOPHAGY

Inflammatory bowel disease (IBD) is a chronic in
flammatory disease involving idiopathic inflammation,
mainly in the gastrointestinal tract; defined more
specifically, it comprises ulcerative colitis (UC) and
Crohn’s disease (CD). Both are characterized by onset
at a young age, and the number of affected patients
has risen sharply in recent years in Europe and the
[1]
United States, as well as in Japan . Thus, there is a
pressing need to understand their pathologies and
create effective treatments. Researchers, mainly in
Europe and the United States, have been trying to
identify disease-susceptibility genes for IBD. Nucleotidebinding oligomerization domain-containing protein 2
(NOD2) was the first susceptibility gene identified for
[2,3]
CD , and in recent years genome-wide association
studies (GWAS) have made it possible to perform
comprehensive searches for susceptibility genes. In
2007, autophagy-related 16-like 1 (ATG16L1) was
[4]
identified as an autophagy-related gene . This was the
first study to show a relationship between autophagy
and a specific disease. Since then, the role of autophagy
in the pathogenesis of IBD has been investigated all
over the world.
This review will evaluate the current literature to
provide a better understanding of the role of autophagy
in the pathophysiology of IBD.

Autophagy (from the Greek “auto” oneself and “phagy”
to eat) refers to any cellular degradative pathway
that involves the delivery of cytoplasmic cargo to
the lysosome. During this process, the endoplasmic
reticulum or other membranous cellular structures
respond to stimuli by generating a double-membrane
structure called a phagophore. On this phagophore,
ATG16L1 forms a complex with an ATG5-ATG12
conjugate, which multimerizes and then lipidates LC3
(LC3-II). Simultaneously, the phagophore elongates
to envelop the cytoplasm or organelle to be degraded,
forming an autophagosome, a unique double-membrane
organelle. The outer membrane of the autophagosome
then fuses with a lysosome to form an autolysosome,
and the inner membrane degrades and absorbs its
[13-15]
contents (Figure 1)
. This process, along with the
ubiquitin proteasome pathway (UPP) system, triggers
the intracellular protein degradation mechanism. The
process is also responsible for mechanisms such as
adaptation to starvation, defense against infections,
carcinogenesis, antigen presentation, and quality control
of intracellular proteins. It maintains appropriate cellular
homeostasis and provides the structural processes
[16]
necessary for organ renewal . Yet, unlike the UPP
system, autophagy is also able to degrade mitochondria
and other organelles.
A remarkable analysis of autophagy-related factor
groups showed that, in addition to its role in meta
bolism, autophagy plays an important role in the
[13]
innate immune response . Innate immunity is a
mechanism by which nearly all multicellular organisms
protect themselves from pathogens. Innate immunity
signaling pathways are activated when the structural
patterns of a pathogen’s components are recognized
(i.e., the cell wall components of a bacterium or the
genome of a virus). As noted above, autophagy was
initially considered to be a nonspecific mechanism
for degrading substances by incorporating them
into a membrane structure, but recent research has
shown that autophagosomes selectively isolate a
[17]
variety of substrates . However, besides autophagy
[18,19]
of pathogens (xenophagy)
and autophagy of
[20,21]
damaged mitochondria (mitophagy)
, very little

PATHOLOGY AND PATHOGENESIS OF
IBD
The gastrointestinal tract not only absorbs fluid and
nutrients, but is constantly involved in regulating and
maintaining the gut flora, immune responses to food
antigens and other substances, and homeostasis.
IBD occurs when this homeostasis is impaired. Recent
research has shown that IBD is caused by chronic
intestinal inflammation, which occurs because of gene
variations that can lead to disease susceptibility,
changes in the structure of the intestinal flora needed
to maintain intestinal homeostasis, and abnormal
[5-7]
intestinal mucosal immune responses .
The role of genetic factors in IBD has been pre
[8]
viously reported , and several researchers are seeking

WJG|www.wjgnet.com

1945

March 21, 2017|Volume 23|Issue 11|

Iida T et al . IBD linked to autophagy
LC3

LC3-I

LC3-II

=

Lysosome

ATG4B ATG3, ATG7, PE

Completion

Phagophore

Autophagosome
Elongation

Cytoplasm or
= organelle to
be degrade

ATG16L1

ATG5

Fusion

Degradation
ATG12

Autolysosome

Complex =

Figure 1 Autophagy mechanism. The autophagy pathway. During this process, the endoplasmic reticulum or other membranous cellular structures respond
to stimuli by generating a double-membrane structure called a phagophore. On this phagophore, ATG16L1 forms a complex with an ATG5-ATG12 conjugate,
which multimerizes and then lipidates LC3 (LC3-II). Simultaneously, the phagophore elongates to envelop the cytoplasm or organelle to be degraded, forming an
autophagosome, a unique double-membrane organelle. The outer membrane of the autophagosome then fuses with a lysosome to form an autolysosome, and the
inner membrane degrades and absorbs its contents.

first disease-susceptibility gene discovered for CD.
Its genetic variants are common in European and
American patients, but have not been found in Asian
patients. NOD2 is a pattern-recognition receptor that
is involved in the homeostasis of intestinal immunity. It
acts through mechanisms like autophagy, intracellular
bacterial sensing, controlling the expression of the
antibacterial peptide α-defensin in the Paneth cells of
the small intestine, and improving immune tolerance
[25]
by suppressing toll-like receptor (TLR) signals . NOD2
recruits the autophagy protein ATG16L1 to the plasma
membrane at the bacterial entry site; mutant NOD2
failed to recruit ATG16L1 to the plasma membrane
and wrapping of invading bacteria by autophago
somes was impaired. Therefore, patients with CD with
NOD2 variants are considered to exhibit disorders of
[26-28]
autophagy
. When the mechanism of autophagy is
impaired, lipopolysaccharides and damage-associated
molecular patterns trigger signaling by stimulating TLR
and NOD-like receptors, tumor necrosis factor (TNF),
and other inflammatory cytokines. They also stimulate
caspase-1 causing interleukin (IL)-1β and IL-18 clea
vage from precursors, which promotes extracellular
secretion (inflammasomes). In an experiment using
mice knocked out for ATG16L, which encodes ATG16L1,
the protein necessary for the autophagic recruitment,
TLR and TNF stimulation led to abnormal inflammasome
activity in macrophages and other innate immunity
[29]
cells .
ATG16L1 is a homolog of ATG16 that was first
[30,31]
reported by Mizushima et al
. Along with AT5 and
ATG12, this molecule is required to form autopha
[32]
gosomes. Prescott et al reported that the incidence of

Table 1 Genetic variants related to inflammatory bowel
disease and autophagy
Gene

Chromosomal site

Relation to autophagy

NOD2

16q12.1

ATG16L1

2p37.1

IRGM

5q33.1

IL-23R
XIAP
LRRK2

1p31.3
Xq25
12q12

Intracellular bacterial sensing
Autophagosome formation
Autophagosome formation
Suppressing Paneth cells
Phagosome maturation
Virus-induced autophagy
Through effects on IL-1 secretion
Physiological inhibitor of autophagy
Autophagosomal-lysosomal
degradation
Regulated by TORC1 and AMPK
Regulate the expression of NOD2
Autophagosome formation

ULK1
VDR
MTMR3

12q24.33
12q13.11
22q12.2

is understood about which substrates autophagy
degrades when it functions as part of innate immunity.

IBD- AND AUTOPHAGY-RELATED
GENETIC VARIANTS
[22-24]

Autophagic dysfunction causes several diseases
,
among which CD is being most extensively researched.
The above mentioned GWAS found several gene
tic variants linked to CD onset, such as NOD2 and
ATG16L1. A summary of these variants is given below
(Table 1).

NOD2, ATG16L1

NOD2, located on chromosome 16q12.1, was the
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CD was likely to be two times higher in people with the
T300A variant, an ATG16L1 variant with a threonine-toalanine substitution at amino-acid position 300. Later, a
meta-analysis of 25 studies showed that T300A caused
[33]
disease susceptibility to CD . However, no significant
difference was observed in an analysis of patients from
Japan, South Korea, and China from 25 studies. This
suggests that European and American patients exhibit
different genetic factors compared to Asian patients,
as is seen with NOD2. Moreover, a meta-analysis of 14
studies on UC reported an odds ratio of 1.06, or almost
[33]
no difference .
The report that ATG16L1 is a CD-susceptibility gene
was a groundbreaking discovery suggesting a role for
autophagy in the onset of IBD. Since then, several
researchers have published studies on the link between
ATG16L1 and IBD.
Paneth cells are a specialized type of epithelial
cell that are involved in innate immunity in the small
intestine. When they come into contact with bacteria or
other antigens, these cells release secretory granules
containing antimicrobial peptides and a variety of
[34]
proteins. In 2008, Cadwell et al engineered a mouse
HM
with low expression of ATG16L1 (Atg16L1 mouse).
Tissue analysis did not find lysozymes that are nor
mally seen in the ileal mucosa, but found abnormal
Paneth cell granule secretion. Moreover, they analyzed
Paneth cells in non-inflamed areas of the ileum in
patients with CD homozygous for the ATG16L1 variant
T300A, and found abnormal Paneth cells that strongly
HM
resembled those observed in Atg16L1 mice. This
suggests that ATG16L1 may also play an important
role by suppressing Paneth cells in humans. In a
[35]
relatively recent study, Lassen et al
generated
T300A
a knock-in mouse model expressing ATG16L1
.
Such mice do not develop spontaneous inflammation,
although they exhibit morphological defects in both
Paneth cells and goblet cells. Furthermore, the
presence of the T300A mutation in ATG16L1 leads to
aberrant functionality of Paneth cells. These findings
indicate the reason there is believed to be a close
relationship between ATG16L1 variants and Paneth
cells.
[36]
Further, Murthy et al
reported that ATG16L1
amino-acid positions 296 to 299 form a caspase
cleavage motif, which greatly increases ATG16L1
sensitivity when the cellular stress response activates
caspase-3 in the presence of the T300A variant. This
may result in impaired autophagy, leading to CD
onset, and suggests that ATG16L1 plays a role at the
molecular level in CD onset.
[37]
In 2010, Cadwell et al
reported interesting
HM
data on role of ATG16L1 by using Atg16L1 mice
infected with MNV CR6, a species of mouse norovirus.
HM
MNV CR6-infected Atg16L1 mice showed abnormal
secretion of Paneth cell granules, similar to that
described above. This was not observed in wild-type
mice without an ATG16L1 variant, or in mice infected
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with a different MNV strain or with inactivated MNV.
Administration of dextran sulfate sodium (DSS) to
these infected mice led to pathology similar to that
observed in human patients with CD: inflammation
extending to the muscle layer and mesentery, and
atrophy of the ileal villi, neither of which has been
previously reported with DSS colitis. These symptoms
were significantly suppressed by administering TNF-α
antibodies or antibiotics. A recent report sugges
ted that ATG16L1 polymorphisms promote disease
through defects in “sensing” protective signals from
the microbiome, defining a potentially critical gene[38]
environment etiology for IBD .
These data suggest that in addition to ATG16L1
variants, CD onset is influenced by a complex variety
of environmental factors, including viral infections and
enterobacteria.

IRGM

[39]

In a 2007 GWAS, Parkes et al reported that the IRGM
gene on chromosome 5q33.1 was a CD-susceptibility
gene. In humans, IRGM is a 20 kDa protein formed
from 181 amino acids that is expressed in the large
intestine, small intestine, and lymphocytes. IRGM is
related to bacterial killing, vacuolar trafficking and
acidification, phagosome maturation, and virus-induced
autophagy. Moreover, it is known to be involved in
controlling intracellular Mycobacterium tuberculosis
[40]
by autophagy in macrophages . A small nuclear
polymorphism (SNP) with susceptibility is adjacent to
IRGM, but detailed sequencing of IRGM did not reveal
any CD-related variants with modified amino acids.
This suggests the possibility that changes of IRGM
expression, transcript splicing, or the ratio of translation
of the protein are related to the development of CD.
[41]
In 2008, McCarroll et al
discovered a 20 kb
deletion polymorphism upstream from IRGM that
was linked to an SNP correlating with CD. In addition,
they reported that the expression of IRGM suppressed
autophagy of intracellular bacteria, which has been
linked to CD, suggesting a role in the pathology of CD.
[42]
Recently, Rufini et al
reported that IRGM
polymorphisms were important for CD susceptibility
and phenotype modulation (fibrostricturing behavior,
ileal disease, perianal disease, and intestinal resection).

IL-23R

IL-23 is a heterodimeric cytokine produced by acti
vated macrophages and dendritic cells. It consists
of two subunits, a p40 subunit, shared with IL-12,
[43,44]
and a specific IL-23 subunit called p19
. It has
been shown that IL-23 is involved in the initiation
of the innate and adaptive immune activation that
characterizes IBD. It binds a complex of IL-23 receptor
(IL-23R) and IL-12Rβ subunits. IL-23R is predominantly
expressed on activated/memory T cells, T-cell clones,
natural killer cells and, at low levels, in monocytes,
[45,46]
macrophages, and dendritic cell populations
.

1947

March 21, 2017|Volume 23|Issue 11|

Iida T et al . IBD linked to autophagy
Recent studies have shown association of the IL-23R
gene with chronic inflammatory diseases, especially
[47,48]
IBD
. It is also reported that autophagy regulates
IL-23 secretion and innate T cell responses through
[49]
effects on IL-1 secretion .

and progression. Mammals have two homologs of
the yeast autophagy-initiating ATG1 kinase, ULK1
and ULK2. ULK1 is regulated by the nutrient- and
energy-sensitive kinases TORC1 and AMPK. The tight
regulation of ULK activity by intracellular energy and
nutrient levels is in keeping with a central role for
autophagy in the protection of cells from starvation.
[59]
Henckaerts et al
selected human homologs
of 12 yeast autophagy genes, known to be found in
IBD-related loci from GWAS, and conducted a metaanalysis of these searches. An analysis of correlations
with CD identified ULK1 as a CD-susceptibility gene.
ULK1 activity is regulated by a complex array of
multiple phosphorylation and dephosphorylation events
that influence the binding of regulatory and effector
[60,61]
autophagy proteins
. However, little is known about
the action of ULK1 in association with IBD, and further
research is necessary.

XIAP

XIAP (X-linked inhibitor of apoptosis) is one of
several inhibitor of apoptosis proteins (IAPs). IAPs
were initially identified in baculoviruses, where they
[50]
prevent defensive apoptosis of host cells . Among
the mammalian IAPs, XIAP is the most extensively
studied and best characterized. XIAP has the most
[51]
potent anti-apoptotic ability , which is believed to
be primarily related to direct binding and inhibiting of
caspases, the apoptotic proteases that are responsible
[52]
for the initiation and execution of apoptosis . Huang
[53]
et al
showed that XIAP is a physiological inhibitor
of autophagy, and has been associated with a variety
of diseases that have been linked to autophagy. XIAP
is related to X-linked lymphoproliferative syndrome
type 2 (XLP2), a type of primary immunodeficiency.
However, a genetic analysis performed by Zeissig
[54]
et al
found XIAP variants in only 4% of male
patients with childhood-onset CD. Recently, Schwerd
[55]
et al
showed impaired antibacterial autophagy links
granulomatous intestinal inflammation in NiemannPick disease type C1 and XIAP deficiency with NOD2
variants in CD.

VDR

VDR (the vitamin D receptor) regulates the expression
of NOD2, and it has been suggested that it controls
the mechanism of autophagy. Unlike other genes,
VDR has been shown to be a UC-susceptibility gene,
not only among Europeans and Americans, but also
[62]
in Asian and Middle Eastern populations . Vitamin
[63]
D deficiency increases the risk of CD onset ; thus,
analyzing its signaling pathways could help elucidate
the pathology of this disease.
[64]
Recently, Wu et al
showed a fundamental
relationship between the VDR, autophagy, and gut
microbial assemblage that is essential for maintaining
intestinal homeostasis, but also contributes to the
pathophysiology of IBD. Furthermore, Abreu-Delgado
[65]
et al reported that levels of serum vitamin D correlate
positively with colonic VDR expression in visually normal
mucosa; whereas inflammation correlates negatively
with colonic VDR expression in visually diseased
mucosa. The VDR needs further research.

LRRK2

LRRK2 (leucine-rich repeat kinase 2) is a large
multidomain protein belonging to the ROCO family
of proteins, which are characterized by the presence
of leucine-rich repeats, a Ras of complex (ROC)
GTPase domain, a C-terminal ROC linker region, and a
kinase domain. LRRK2 localizes to specific membrane
subdomains, including endolysosomal structures in
many kinds of cells. Studies showed that LRRK2 KO
mice displayed an increase in the number and size of
secondary lysosomes and autolysosome-like structures.
Abnormal accumulation of undigested material indicates
an impairment in the autophagosomal-lysosomal
degradation system (autophagy-lysosomal clearance
pathway).
LRRK2 has been identified as a disease-sus
ceptibility gene for Parkinson’s disease, leprosy, and
CD. The CD-associated SNP is located upstream of the
[56,57]
coding sequence of LRRK2
. It was reported that
LRRK2 expression levels were found to be significantly
upregulated in colonic biopsy specimens from inflamed
[58]
tissues of patients with CD . LRRK2 is known to be
expressed only in mucosal lymphocytes in the colonic
mucosa, but little else is known about it.

MTMR3

MTMR3 (myotubularin-related protein 3) plays a role in
[66]
autophagosome formation . The myotubularin family
is a class of PI3-phosphatases that regulate several
physiological and pathophysiological phenomena,
including endosomal trafficking, apoptosis, autophagy,
and muscle development. As a member of this family,
MTMR3 has been considered to play a negative role
in the initiation stage of autophagy. Recent reports
indicate that MTMR3 has at least two opposite functions
in the autophagy pathway, inhibition of mechanistic
target of rapamycin complex 1 (mTORC1) and reduction
[67,68]
of local PI3P levels
. In this regard, the function of
MTMR3 in autophagy remains unclear.

ROLE OF AUTOPHAGY IN IBD THERAPY
AND FUTURE PROSPECTS

ULK1

ULK1 (Unc-51 like autophagy activating kinase 1)
is one of the key regulators of autophagy initiation
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as these cells lack the inhibitor of apoptosis protein
Bcl-2. It has been shown that overexpression of Bcl-2 in
immature T lymphocytes can increase autophagy levels,
[75]
presumably due to inhibition of apoptosis .
A relationship between corticosteroids and auto
phagy has been observed, not only for their therapeutic
effects, but also for the adverse effects that accompany
treatment. It has been shown, both in vitro and in vivo,
that low doses of prednisolone and dexamethasone
induce autophagy in osteocytes, and this is associated
[76,77]
with osteocyte viability
. However, higher doses
of corticosteroids induce apoptosis, suggesting that
autophagy may act as a protective mechanism against
[76]
the cytotoxic effects of corticosteroids .

Table 2 Therapeutic agents for inflammatory bowel disease
related to autophagy
Drug

Influence on
autophagy

Mechanism related to autophagy

5-ASA

Promotion

Corticosteroid

Promotion

Thiopurine
(AZA, 6-MP)

Promotion

Immunomodulatory
drugs
(CsA, FK506)

Promotion

Through NF-κB signaling
pathway
Through NF-κB signaling
pathway
Through mTORC1 signaling
pathway
Through overexpression of Bcl-2
in immature T-lymphocytes
Osteocyte viability
Clearance of TPMT*3A aggregates
and/or aggregate precursors
Protective role in hepatocytes
Response to toxicity

Biological drugs
(IFX, ADA, etc.)

Inhibition

Thiopurines (azathioprine and 6-mercaptopurine)

Thiopurines, including azathioprine and 6-merca
ptopurine, are immunosuppressant drugs used to
[78]
maintain remission in patients with IBD . Thiopurines
and autophagy have also been shown to be correlated
by the adverse effects of treatment. The thiopurine
S-methyltransferase (TPMT) genetic polymorphism
is important for thiopurine metabolism. Individuals
with inherited decreases in TPMT activity, mainly as a
result of the effects of the TPMT*3A allele (minor allele
[79]
frequency in Caucasians of approximately 5%) , are
at greatly increased risk for severe life-threatening
myelosuppression when treated with “standard” doses
[80-83]
of thiopurine drugs
. It was shown that autophagy
might represent an important route for the clearance of
[84]
TPMT*3A aggregates and/or aggregate precursors .
Due to the severe adverse effects of thiopurines, a
potential protective role for autophagy in hepatocytes
has been investigated; it has been shown that autophagy
has a protective role in hepatocytes during thiopurine
[78]
therapy .

Through mTORC1 signaling
pathway
Anti-TNF agents inhibit
autophagy (not yet clear)

5-ASA: 5-aminosalicylic acid; mTORC1: Mechanistic target of rapamycin
complex 1; AZA: Azathioprine; 6-MP: 6-Mercaptopurine; TPMT:
Thiopurine S-methyltransferase; CsA: Cyclosporine A; IFX: Infliximab;
ADA: Adalimumab; TNF: Tumor necrosis factor.

steroids and 5-aminosalicylic acid (5-ASA), as well
as immunoregulatory drugs such as azathioprine,
and biologicals such as anti-TNF-α formulations. The
process of autophagy is closely related to each of these
existing therapeutic agents. The following sections
summarize these relationships (Table 2).

5-ASA

The mechanism of action of 5-ASA has been described
in several studies. The suppression of peroxisome
proliferator-activated receptor gamma (PPARγ) due
to the production of inflammatory cytokines is said
to contribute to the intestinal inflammation seen in
[69]
patients with IBD . 5-ASA is considered to exert
its anti-inflammatory action by acting on PPARγ in
epithelial cells, and by regulating signal transmission
[70]
from NF-κB and TLR . Considering that NF-κB
[71]
signaling is associated with autophagy , it might be
that 5-ASA indirectly regulates autophagy.

Immunomodulatory drugs (cyclosporine A, FK506,
methotrexate)

Cyclosporine A (CsA), FK506, and methotrexate (MTX)
are immunomodulatory drugs used mainly as secondline treatments to induce and maintain remission in
[85]
severe, steroid-refractory CD , with more recent
[86]
evidence suggesting a role for FK506 in UC . Al
though some evidence suggests that CsA and FK506
are involved in autophagy, no relationship has been
identified between MTX and autophagy.
Several studies have shown that treatment with
CsA can induce autophagy in response to toxicity (such
as CsA-induced nephrotoxicity), either as a survival
[87-89]
process or as part of a cell death mechanism
.
FK506 inhibits calcineurin by forming a complex with
the immunophilin FK506 binding protein 12 (FKBP12),
[90]
which is involved in immunoregulation . FKBP12 is also
the direct target of rapamycin, an inhibitor of mTORC1.
The molecular mechanism by which mTORC1 regulates
[91,92]
autophagy in mammals is being investigated
, while
future research is expected to help understand the
relationship between FK506 and autophagy.

Corticosteroids

The first-line treatment to induce remission for CD and
UC is often corticosteroids. Corticosteroids downregulate
proinflammatory cytokines, including IL-1, IL-6, and
TNFα. Furthermore, inflammatory signaling induced by
NF-κB is decreased by interaction with corticosteroid
[72]
receptors , and, as noted above, NF-κB signaling
[71]
regulates autophagy . It has also been shown that
corticosterone treatment affects mTORC1 signaling
[73]
pathways . It was reported that mTORC1 pathways
and autophagy play an important role in the response
[74]
to treatment with corticosteroids . Corticosteroids are
able to induce apoptosis in immature T lymphocytes,
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Biological drugs (infliximab, adalimumab, etc.)

4

The most commonly used biological drug for IBD is
the anti-TNFα antibody infliximab. Other anti-TNFα
treatments approved for treatment of patients with
IBD patients include adalimumab, golimumab for UC
only, and certolizumab pegol. Anti-TNFα biosimilars
[93]
have also recently been developed . The relationship
between TNFα and autophagy has been confirmed
[94]
[95]
in synovial fibroblasts , skeletal muscles , and
[96]
trophoblastic cells . These studies suggest that antiTNF agents would inhibit autophagy, and while the
mechanism of action is not yet completely clear, it has
been the subject of extensive research lately.
The above data summarizes the relationship be
tween autophagy and various drugs. However, existing
medical therapies do not relieve the symptoms in many
patients, and surgical intervention is often necessary.
There is, therefore, a pressing need to develop new
therapeutic agents. As seen in this review, autopha
gy plays an important role in controlling the immune
system; hence drugs that regulate autophagy have
received much attention as potential new therapeutic
[97]
targets for IBD . Further investigation of the role of
autophagy in existing IBD therapies, and development
of new therapeutic agents regulating autophagy, are
the needs of the hour.

5

6
7
8
9

10
11
12

CONCLUSION

13

GWAS has identified several disease-susceptibility
genes, and studies on the pathology and etiology of
IBD are being regularly published; however, more
aspects of IBD pathogenesis should be clarified. As
the number of patients with IBD is still increasing
around the world, particularly among the young, it is
essential that the mechanism of IBD is elucidated and
treatments based on this mechanism are developed.
A better understanding of the relationship between
autophagy and IBD will result in better IBD therapy in
future.
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Abstract

Ka-Shing Cheung, Wai K Leung, Department of Medicine, The
University of Hong Kong, Queen Mary Hospital, Hong Kong,
China

Novel oral anticoagulants (NOACs), which include
direct thrombin inhibitor (dabigatran) and direct factor
Xa inhibitors (rivaroxaban, apixaban and edoxaban),
are gaining popularity in the prevention of embolic
stroke in non-valvular atrial fibrillation as well as in the
prevention and treatment of venous thromboembolism.
However, similar to traditional anticoagulants, NOACs
have the side effects of bleeding, including gastro
intestinal bleeding (GIB). Results from both randomized
clinical trials and observations studies suggest that
high-dose dabigatran (150 mg b.i.d), rivaroxaban and
high-dose edoxaban (60 mg daily) are associated with
a higher risk of GIB compared with warfarin. Other risk
factors of NOAC-related GIB include concomitant use
of ulcerogenic agents, older age, renal impairment,
Helicobacter pylori infection and a past history of GIB.
Prevention of NOAC-related GIB includes proper patient
selection, using a lower dose of certain NOACs and in
patients with renal impairment, correction of modifiable
risk factors, and prescription of gastroprotective agents.
Overt GIB can be managed by withholding NOACs
followed by delayed endoscopic treatment. In severe
bleeding, additional measures include administration
of activated charcoal, use of specific reversal agents
such as idarucizumab for dabigatran and andexanent
alfa for factor Xa inhibitors, and urgent endoscopic
management.
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actions of this class of oral anticoagulants that inhibit
[3]
a single target . In this review, we use the term
“NOACs” to refer to novel oral anticoagulants inclusive
of dabigatran, rivaroxaban, apixaban and edoxaban.

treatment of thromboembolism, novel oral anticoa
gulants (NOACs) are still associated with bleeding
complications including gastrointestinal bleeding (GIB).
Physicians should exercise caution in the prescription
of these drugs with careful review of the indications
and appropriate dosage, as well as balancing the risks
and benefits. Nonetheless, patients perceived to have
an increased risk of GIB should not be precluded from
taking NOACs, if they are also at a high risk of stroke.
Instead, physicians should recognize the risk factors
associated with NOAC-related GIB in order to undertake
preventive measures to reduce the risk of GIB.

PHARMACOLOGY OF NOAC
The characteristics and dosing of different NOACs are
summarized in Tables 1 and 2. Dabigatran directly
inhibits thrombin activity in a reversible manner. It
is administered as a prodrug known as dabigatran
etexilate and after absorption in the proximal small
bowel, dabigatran etexilate is cleaved by serum
[4]
and hepatic esterases to the active form . The bio
availability of dabigatran etexilate is 7% with the
majority of non-absorbed drug being excreted in the
stool. Absorbed drug is mainly excreted unchanged by
the kidneys. The half-life of dabigatran ranges from
9 to 17 h, depending on individuals’ age and renal
function. Dabigatran can be administered at a dose of
150 mg b.i.d or 110 mg b.i.d, and 75 mg b.i.d in the
presence of renal insufficiency [creatinine clearance
[5]
(CrCl) < 50 mL/min] . The drug is contraindicated
in patients with severe renal impairment (CrCl < 30
[6]
mL/min) or advanced liver disease .
Rivaroxaban is a direct inhibitor of factor Xa, which
reduces thrombin production. It has a bioavailability of
[7,8]
66% . One-third of the absorbed drug is excreted by
the kidney and two-thirds is metabolized by the liver
into inactive forms. The half-life ranges from 6 to 13
[8]
h . Rivaroxaban is administered at a dose of 20 mg
[5]
daily, and 15 mg daily if the CrCl is < 50 mL/min . The
drug is also contraindicated in severe renal impairment
[6]
(CrCl < 15 mL/min) or advanced liver disease .
Similar to rivaroxaban, apixaban directly inhibits
[9]
factor Xa. It has a bioavailability of 50% . Around 25%
of the absorbed drug is excreted by the kidney with a
half-life of around 12 h. Apixaban is administered at a
dose of 5 mg b.i.d, and 2.5 mg b.i.d if patients has at
least 2 of the following features: age 80 years or older,
body weight 60 kg or less, or serum creatinine 1.5
[5]
mg/dL or more .
Edoxaban is also a direct factor Xa inhbitior, with
a bioavailability of 60% and a half-life of around 12
h. Renal clearance accounts for 50% of the total
[6]
clearance . Edoxaban can be administered at a dose
of 60 mg daily, and 30 mg daily if the CrCl is < 50
mL/min or body weight is less than 60 kg. The drug is
contraindicated in severe renal impairment (CrCl < 15
mL/min) and advanced liver disease. Of note, serum
levels of NOACs can be increased by potent inhibitors
of p-glycoprotein and CYP3A4 (e.g., azole antifungal
agents, protease inhibitors), while serum levels can
be decreased by strong inducers of p-glycoprotein and
[10]
CYP3A4 (e.g., rifampicin) .
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INTRODUCTION
Novel oral anticoagulants (NOACs) include direct
thrombin inhibitor (dabigatran) and direct factor Xa
inhibitors (rivaroxaban, apixaban and edoxaban)
are increasingly favored over conventional oral anti
coagulants such as warfarin. NOACs are often used
in the prevention of embolic stroke in non-valvular
atrial fibrillation (AF) as well as in the prevention
and treatment of venous thromboembolism (VTE).
Compared with warfarin, NOACs have rapid onset
and offset of action, predictable pharmacodynamics
obviating regular therapeutic monitoring, and fewer
[1]
food-drug or drug-drug interactions . Although NOACs
have been shown to have a favorable safety profile
from multiple meta-analyses and phase IV studies,
the risk of bleeding, particularly gastrointestinal
bleeding (GIB), is still a concern in high-risk patients.
This review will discuss the risk of GIB related to
commonly prescribed NOACs with special focus on
the dosing of different indications and in patients
with impaired renal function, differences in bleeding
risk between randomized clinical trials (RCTs) and
observational studies, risk factors for GIB, prevention
and management strategies.

NOMENCLATURE FOR ORAL
ANTICOAGULANTS
Apart from “NOACs”, other terms that have been used
to describe these new oral anticoagulants include direct
oral anticoagulants (DOACs) and target-specific oral
anticoagulants. There are also calls to restrict the term
“NOACs” to “non-vitamin K oral anticoagulants” instead
[2]
of “novel oral anticoagulants” , as this terminology is
well established in the medical literature. Recently, it
has also been advocated that term “DOACs” should be
adopted as the name implies similar pharmacological
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MECHANISMS OF NOAC-RELATED GIB
There are several mechanisms by which NOAC causes
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Table 1 Characteristics of different novel oral anticoagulants

Mechanism of action
Bioavailability
Tmax (h)
T½ (h)
Dosing
Renal excretion
Hepatic metabolism
Reversal agents

Dabigatran

Rivaroxaban

Apixaban

Edoxaban

Anti-thrombin
7%
1.5
9-17
b.i.d
High
Low
Idarucizumab1
Aripazine

Anti-factor Xa
66%
2.5
6-13
once daily
Moderate
Moderate
Andexanet alfa
Aripazine

Anti-factor Xa
50%
3
12
b.i.d
Moderate
Moderate
Andexanet alfa
Aripazine

Anti-factor Xa
60%
1-5
12
once daily
Moderate
Moderate
Andexanet alfa
Aripazine

1

Idarucizumab is the only FDA-approved specific reversal agent currently. Tmax: Time to peak plasma level; T½: Half-life; GIB: Gastrointestinal bleeding.

Xa inhibitors, administered in active form, and have
similar bioavailability. However, these two agents differ
in the risk of GIB, which may be related to the higher
peak level of once-daily dosing of rivaroxaban than
the twice-daily dosing of apixaban. Similarly, the oncedaily dosing of rivaroxaban may also account for the
higher GIB risk observed in the head-to-head study of
[15]
rivaroxaban and dabigatran .

Systemic anticoagulant effect

Topical effect

1. Incomplete absorption
(topical anticoagulant effect)
2. Direct caustic effect
(tartaric acid in dabigatran)
3. Inhibition of mucosal healing

RISK OF NOAC-RELATED GIB IN RCTS
[16]

Holster et al
summarized the risk of GIB associated
with NOACs in a recent meta-analysis, which included
17 RCTs with a total of 75081 patients who received
either NOACs or standard care (defined as either
low-molecular-weight heparin, vitamin K antagonist,
antiplatelet therapy or placebo). During a follow-up
period ranging from 3 wk to 31 mo, there was a 1.5%
GIB event, with 89% being major GIB (defined as
GIB leading to a decrease in hemoglobin ≥ 2 g/dL
within 24 h, a transfusion of ≥ 2 units of packed red
cells, necessitating intervention including surgery, or
fatal bleeding). The number needed to harm was 500.
Overall, there was an increased risk of GIB among
NOAC users, compared with standard care [pooled
odds ratio (OR) 1.45], though significant heterogeneity
existed regarding drug choices and the indications of
anticoagulation.
Among different NOACs, both dabigatran and
rivaroxaban were associated with a higher risk of GIB
(OR 1.58 and 1.48, respectively), but not apixaban
and edoxaban. However, since there are still no direct
head-to-head comparisons of GIB risks among various
NOACs in RCTs, it is difficult to conclude which drug
has the lowest GIB risk. As patient characteristics
differed across studies, indirect comparisons can be
[17]
misleading .
For various indications of NOACs, the highest risk of
GIB was seen in patients with acute coronary syndrome
(OR 5.21), in whom NOACs were co-prescribed with
antiplatelet agents. Patients prescribed NOACs for
deep vein thrombosis and pulmonary embolism also
had an increased risk of bleeding (OR 1.59). However,
the GIB risk was not significantly increased in patients

Figure 1 Pathogenesis of novel oral anticoagulant-related gastrointestinal
bleeding. NOAC: Novel oral anticoagulant; GIB: Gastrointestinal bleeding.
[1]

GIB (Figure 1). The anticoagulant effect can be
local and/or systematic, and NOACs may inhibit GI
mucosal healing. In addition, the tartaric acid in da
bigatran etexilate is postulated to cause direct caus
tic injury. When compared with warfarin, dabigatran
and rivaroxaban are associated with an increased
risk of GIB only, but have not been demonstrated to
increase bleeding in other organs including intracranial
[1,10]
hemorrhage
. Of note, the sites of GIB differ for
individual NOACs. In contrast to the usual pattern
observed with warfarin, aspirin or non-steroidal antiinflammatory drugs (NSAIDs) where upper GIB
[11]
predominates , lower GIB accounted for 53% of major
[12]
GIB seen in dabigatran users in the RE-LY trial . This
has been hypothesized to be related to the incomplete
absorption of the active NOACs in the upper GI tract
with resulting increasing availability of dabigatran to the
lower GI tract which exert topical effect on the mucosa
leading to bleeding, especially in the presence of pre[4]
existing lesions like angiodysplasias and erosions . On
the other hand, the bioavailability of warfarin is more
than 95%, and non-absorbed warfarin does not have
[1,10]
any topical effect
. Notably, upper GIB appeared to
be more common than lower GIB among rivaroxaban
[13]
users (76 % vs 24%) , while the risks of upper and
lower GIB were comparable with high-dose edoxaban
[6,14]
(60 mg daily)
.
The dosing of NOACs may also affect the risk of
[1,10]
GIB
. Both rivaroxaban and apixaban are factor
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Table 2 Dosing of different novel oral anticoagulants according to indications and renal function

Non-valvular AF
United States

Europe

Dabigatran

Rivaroxaban

Apixaban

150mg b.i.d
75 mg b.i.d if CrCl 15-30 mL/
min

20 mg daily
15 mg daily if CrCl 15-50 mL/
min

Avoid if CrCl < 15 mL/min

Avoid if CrCl < 15 mL/min

150 mg b.i.d
110 mg b.i.d if age ≥ 80 years

20 mg daily
-

Edoxaban

5 mg b.i.d
60 mg daily
2.5 mg b.i.d if Cr 15-29 mL/min 30 mg daily if CrCl 15-50 mL/
OR two out of the following:
min
age ≥ 80 years, BW ≤ 60 kg, Cr
≥ 1.5 mg/dL
Avoid if CrCl < 25 mL/min or
Avoid if CrCl < 15 mL/min
Cr > 2.5 mg/dL
5 mg b.i.d
60 mg daily
2.5 mg b.i.d if Cr 15-29 mL/min
30 mg daily if one out of the
OR two out of the following:
following: CrCl 15-50 mL/min,
age ≥ 80 years, BW ≤ 60 kg,
BW ≤ 60 kg, concomitant use of
Cr ≥ 1.5 mg/dL
p-gp inhibitors
Avoid if CrCl < 15 mL/min
Avoid if CrCl < 15 mL/min

(may consider 110 mg b.i.d also
if increased risk of bleeding)
Avoid if CrCl < 30 mL/min
Avoid if CrCl < 15 mL/min
Postoperative DVT / PE thromboprophylaxis (hip or knee replacement)
United States
Initial dose of 110 mg 1-4 h after Initial dose of 10 mg 6-10 h after
Initial dose of 2.5 mg 12-24 h
operation, then 220 mg daily
operation, then 10 mg daily
after operation, then 2.5 mg b.i.d
Avoid if CrCl < 30
Avoid if CrCl < 30 mL/min
Avoid if CrCl < 30 mL/min
Europe
Initial dose of 110 mg 1-4 h after Initial dose of 10 mg 6-10 h after
Initial dose of 2.5 mg 12-24 h
operation, then 220 mg daily
operation, then 10 mg daily
after operation, then 2.5 mg b.i.d
Initial dose of 75 mg 1-4 h after
operation, then 150 mg daily if
CrCl 30-50 mL/min

-

-

Avoid if CrCl < 30 mL/min
Avoid if CrCl < 15 mL/min
Treatment and prevention of recurrent DVT/PE
United States
150 mg b.i.d after 5-10 d of
15 mg b.i.d for 3 wk, then 20 mg
initial therapy with a parenteral
daily
anticoagulant
-

Avoid if CrCl < 30 mL/min
Europe

Avoid if CrCl < 30 mL/min

150 mg b.i.d after 5 d of initial 15 mg b.i.d for 3 wk, then 20 mg
therapy with a parenteral
daily
anticoagulant
110 mg b.i.d after 5 d of initial
therapy with a parenteral
anticoagulant if age ≥ 80 years
(may consider 110 mg b.i.d also
if increased risk of bleeding)
Avoid if CrCl < 30 mL/min

Avoid if CrCl < 15 mL/min

Avoid if CrCl < 15 mL/min
10 mg b.i.d for 1 wk, then 5 mg
b.i.d
-

Avoid if CrCl < 25 mL/min
or Cr > 2.5 mg/dL
10 mg b.i.d for 1 wk, then 5 mg
b.i.d
-

Avoid if CrCl < 15 mL/min

60 mg daily after 5 d of initial
therapy with a parenteral
anticoagulant
30 mg daily after 5 d of initial
therapy with a parenteral
anticoagulant if one out of the
following: CrCl 15-50 mL/min,
BW ≤ 60 kg, concomitant use of
p-gp inhibitors
Avoid if CrCl < 15 mL/min
60 mg daily after 5-10 d of
initial therapy with a parenteral
anticoagulant
30 mg daily after 5-10 d of
initial therapy with a parenteral
anticoagulant if one out of the
following: CrCl 15-50 mL/min,
BW ≤ 60 kg, concomitant use of
p-gp inhibitors
Avoid if CrCl < 15 mL/min
60 mg daily after 5 d of initial
therapy with a parenteral
anticoagulant
30 mg daily after 5 d of initial
therapy with a parenteral
anticoagulant if one out of the
following: CrCl 15-50 mL/min,
BW ≤ 60 kg, concomitant use of
p-gp inhibitors
Avoid if CrCl < 15 mL/min

NOACs: Novel oral anticoagulants; AF: Atrial fibrillation; CrCl: Creatinine clearance; BW: Body weight; Cr: Creatinine; DVT: Deep vein thrombosis; PE:
Pulmonary embolism; p-gp inhibitors: p-glycoprotein inhibitors.

receiving NOACs for prevention of VTE after orthopedic
surgery and in medically ill patients. Although there
was no significant increase in the overall risk of GIB
among all patients receiving NOACs for AF, subgroup
analysis showed an increase in risk among dabigatran
and rivaroxaban users. The increased GIB risk in AF (but
not with thromboprophylaxis after orthopedic surgery)
among dabigatran and rivaroxaban users is likely
explained by the duration effect, as orthopedic patients
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usually receive NOACs for a short, finite period (few
[18]
weeks only) . It has also been shown that among
patients receiving dabigatran, only the higher dose
(150 mg b.i.d) was associated with a higher GIB risk
when compared with warfarin, indicating a dose-related
[12,19-22]
effect
. The risk of GIB was also increased with
high-dose edoxaban of 60 mg daily (HR 1.23), but was
reduced with low-dose edoxaban of 30 mg daily (HR
[14]
0.89) . However, subsequent systematic reviews and
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Table 3 Risk factors for novel oral anticoagulant-related gastrointestinal bleeding
Risk factors
Higher dose of dabigatran and edoxaban
Concomitant use of ulcerogenic agents
Older age
Renal impairment
Prior history of peptic ulcers or GIB
Helicobacter pylori infection
Pre-existing GI tract lesions
Ethnicity
HAS-BLED score
Protective factors
Gastroprotective agents

Definition
Dabigatran: a dose of 150 mg b.i.d
Edoxaban: a dose of 60 mg daily
Antiplatelet agents, NSAIDs or steroid
Age ≥ 75 years
Creatinine clearance < 50 mL/min

Examples like diverticulosis, angiodysplasias
Western population
Score of ≥ 3
Definition
Proton pump inhibitors or histamine H2-receptor antagonists

NOAC: Novel oral anticoagulant; GIB: Gastrointestinal bleeding; NSAIDs: Non-steroidal anti-inflammatory drugs.

this study, the result should still be interpreted with
caution due to the possibility of residual confounding
by unmeasured factors.
[30]
Contrary to previous postulation , the risk of
GIB was slightly lower in observational studies when
[16]
compared with that reported in RCTs . Several factors
may account for this finding. Firstly, RCTs recruited
older patients who had higher risk of stroke. In the
four landmark phase III RCTs (RE-LY, ROCKET-AF,
[14,20,31,32]
, the
AIRSOTLE, ENGAGE AF-TIMI 48 trials)
mean or median age of NOAC users was 70 years or
above, while subjects from 5 studies included in the
meta-analysis of cohort studies had a mean age below
[33-37]
70 years
. Secondly, patients from observational
studies had fewer comorbidities, as reflected by a
lower CHADS2 (congestive heart failure, hypertension,
age of 75 years or above, diabetes mellitus, history of
stroke, transient ischemic attack or thromboembolism)
[19]
score . Thirdly, physicians may avoid prescribing
NOACs to high-risk patients in real-life practice.
One major concern about the meta-analysis of
observational studies is that the results may be biased
due to confounding factors. Nonetheless, major con
founding factors including age, use of gastroprotective
agents and ulcerogenic agents (including antiplatelet
agents, NSAIDs, steroid and selective serotonin
reuptake inhibitors), as well as indications of anti
coagulation were evaluated by subgroup and sensitivity
analysis. As for apixaban and edoxaban, observational
studies comparing their risk of GIB with that of warfarin
are currently lacking.

meta-analyses which included more trials with different
inclusion and exclusion criteria yielded conflicting
results, showing either no or only a marginal increase in
[23-29]
the risk of GIB
.

RISK OF NOAC-RELATED GIB IN
OBSERVATIONAL STUDIES
As most RCTs adopted stringent inclusion and exclusion
criteria to enroll patients with relatively low risk of GIB,
the results may not be generalizable to the general
population. It was initially estimated that when NOACs
were marketed, the risk of bleeding could be increased
up to 15-fold as a result of prescription of these drugs
[30]
to patients with higher risk of GIB . In addition, RCTs
that separately reported on GIB were usually limited to
major GIB only, leading to an underestimation of the
[16]
risk of all GIB .
To determine the association between NOACs and
[19]
GIB in real-life settings, a recent meta-analysis
included 8 cohort studies with a total of 117339 NOAC
users of either dabigatran or rivaroxaban. The pooled
incidence rates of GIB were 4.5 per 100 patient-years
and 7.18 per 100 patient-years for patients receiving
dabigatran and rivaroxaban, respectively. Compared
with warfarin, dabigatran was associated with an
increased risk of GIB [relative risk (RR) 1.21], but
rivaroxaban did not confer a significant increase in
risk. However, one could not conclude that rivaroxaban
had a lower GIB risk compared with dabigatran,
as the non-significant association with GIB risk for
rivaroxaban may be related to fewer observational
studies, a shorter follow-up duration and an overall
younger age of rivaroxaban users. In fact, in a recent
head-to-head comparative observational study that
recruited 118891 patients with non-valvular AF who
[15]
were aged 65 years or older , rivaroxaban was
found to be associated with a higher risk of major GIB
compared with dabigatran (150 mg b.i.d) [hazard
ratio (HR) 1.40]. Although the differences in baseline
characteristics were adjusted by propensity scores in
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PREVENTION OF NOAC-RELATED GIB
Factors associated with the NOAC-related GIB are
summarized in Table 3. Older age (≥ 75 years) was
associated with an increased risk of NOAC-related GIB.
Among patients receiving dabigatran, there is a 2.5-fold
[12,34,36,38]
increase in risk of GIB
. A greater risk of major
GIB was also observed in older patients receiving
[34,39]
rivaroxaban
. As elimination of NOACs depends on
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Table 4 Components of HAS-BLED bleeding risk score
Clinical characteristics
Hypertension
Abnormal liver or renal function

Stroke
Bleeding tendency or predisposition
Labile INRs
Elderly
Drugs

Definition

Points

Systolic blood pressure > 160 mmHg
Chronic liver disease (e.g., cirrhosis) or biochemical evidence of significantly impaired liver
function (e.g., bilirubin > 2 times the ULN plus one or more liver enzymes > 3 times the ULN
Chronic dialysis, renal transplantation, or serum creatinine ≥ 200 micromol/L
Previous history of stroke
Bleeding disorder or previous bleeding episode requiring hospitalization or transfusion
Labile INRs in patients taking warfarin
(failure to maintain a therapeutic range at least 60% of the time)
Age > 65 years
Concomitant antiplatelet agents or NSAIDs
Excessive alcohol use (≥ 8 units per week)

1
1 or 2

1
1
1
1
1 or 2

Maximum score is 9. ULN: Upper limit of normal; INR: International normalized ratio; NSAIDs: Non-steroidal anti-inflammatory drugs.

renal excretion, patients with impaired renal function
are more likely to have drug accumulation and hence
[10]
higher bleeding risk . A prior history of peptic
ulcer disease or GIB was associated with a 2.3-fold
[38]
increased risk of GIB . Concomitant antiplatelet
[12,16,38,40]
.
therapy is also a well-recognized risk factor
For example, among dabigatran users, concomitant
antiplatelet use was associated with a 30% to 50%
[12,38]
higher risk of GIB
.
Ethnicity was another risk factor. Chinese patients
receiving dabigatran were observed to have a higher
[38]
incidence rate of GIB (4.2 per 100 person-years) ,
compared with the western population (1.2 to 1.5
per 100 person-years in Denmark and 0.6 to 3.4 per
[22,41]
. Genetic
100 person-years in the United States)
factors, particularly factor V-Leiden mutation which is
exceedingly rare in the Asians, may account for this
[42-44]
difference
.
The HAS-BLED score (hypertension, abnormal liver/
renal function, history of stroke, bleeding tendency,
labile INRs, elderly aged ≥ 65 years, drug/alcohol
use) was initially derived to predict bleeding risk of
[45]
warfarin in patients with AF (Table 4) . A score of ≥
3 is considered high-risk, with a score of 3 conferring
a risk of 3.74 bleeding events per 100 patient[45,46]
years
. However, it should be acknowledged that
patients with an increased risk of thromboembolism
usually have one or more of the comorbidities included
in the HAS-BLED score, which predispose them to
bleeding. Other risk factors for GIB [e.g., Helicobacter
pylori (HP) infection, colonic diverticulosis, or presence
of angiodysplasias] should also be considered in the
[47]
decision making when prescribing NOACs . Concurrent
use of antiplatelet agents and NSAIDs also increases
the bleeding risk and should factor into the decision
making.
Co-administration of gastroprotective agents [either
proton pump inhibitors (PPIs) or histamine H2-receptor
antagonists (H2RAs)] was found to be associated with
[38]
a 50% reduction in the risk of GIB . This protective
effect seems to be confined to the upper GI tract
among those who had history of peptic ulcer disease or
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GIB. PPIs offered a slightly better protective effect than
H2RAs, with the largest effect seen in patients using
both PPIs and H2RAs (85% reduction in the risk of
[38]
GIB) . The protective effect may be mediated by the
reduction of bleeding from pre-existing peptic ulcers. In
addition, acid suppression may reduce the absorption
[20,48]
of dabigatran
. While the impact of gastroprotective
agents is strong for dabigatran-related GIB, the effect
[19]
appears to be modest for rivaroxaban .
Prevention of GIB relies on first reviewing the
indications of NOACs and avoiding NOACs in patients
[49]
with contraindications , including renal impairment
(CrCl less than 30 mL/min for dabigatran and CrCl less
than 15 mL/min for other NOACs), and advanced liver
disease with coagulopathy. Other preventive measures
include the use of appropriate dosage with reference to
the CrCl, institution of renal protective measures (e.g.,
avoiding NSAIDs and herbs), correction of modifiable
risk factors (e.g., HP eradication, alcohol abstinence,
avoidance of co-administration of antiplatelet agents
or NSAIDs). For patients identified to be at high risk
for GIB (e.g., HAS-BLED score ≥ 3, history of previous
[1,10,47]
GIB), prescription of gastroprotective agents
and
use of apixaban or low-dose dabigatran (110 mg b.i.d)
[6,50]
are recommended
. However, it is also important
to note that lower dose of NOACs is less efficacious in
[26]
stroke prevention . For the same reason, the use of
HAS-BLED score is meant to “flag up” patients at high
[51]
risk for GIB rather than to withold anticoagulation .
For those who have experienced GIB while on warfarin,
dabigatran (150 mg b.i.d) or rivaoxaban, reducing
the dose of dabigatran to 110 mg b.i.d or switching
[1,50]
to apixaban may be considered
. Screening and
surveillance colonoscopy has been advocated to
detect occult tumors before initiation of NOACs, hence
[6,52]
.
reducing the incidence of tumor-associated GIB
This practice, however, is not the standard of care
recommended by the American Heart Association and
American Stroke Association (AHA/ASA) or the CHEST
guidelines. Interestingly, NOACs may lead to an earlier
diagnosis of GI tract malignancies as they may provoke
[52]
bleeding of these lesions .
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the developmental phase, but has shown promising
results. However, these agents are also associated
with thromboembolic risks. For instance, around 5%
and 18% developed thromboembolism after receiving
[60,61]
idarucizumab and andexanet alfa, respectively
.
The timing of endoscopy depends on the severity
of GIB and hemodynamic status of the patients. In
patients with mild GIB, endoscopic evaluation can be
[10,63]
deferred for 12-24 h
. Advantages of this delayed
approach are increased effectiveness of endoscopic
intervention as the drug effects have worn off, increased
safety in a non-emergency setting, and improved
endoscopic visualization due to attenuation/cessation
of bleeding and better colonic cleansing. On the other
hand, if patients present with severe GIB or are hemo
dynamically unstable, emergency endoscopy should
be performed promptly after resuscitation. Radiological
and/or surgical interventions will be the last resort if
repeated endoscopic management fails.

MANAGEMENT OF OVERT GIB
Specific management of patients taking NOACs who
present with overt, non-major GIB involves cessation
[1,10,49]
of the drug and endoscopic management
. Owing
to the short half-life, cessation of drug will lead to a
rapid return of the coagulant function within 12-24
h and near complete recovery after five half-lives in
[5,10]
patients with normal renal function
. In the case
of severe bleeding and/or hemodynamic instability,
activated charcoal, hemodialysis/hemoperfusion and
reversing anticoagulation can be considered. Activated
charcoal can be given to reduce intestinal absorption
of residual drug if the last dose of the NOAC is taken
within 2 h. This potential benefit needs to be weighed
against subsequent impairment of endoscopic visua
[53]
lization . Hemodialysis or hemoperfusion may also be
considered for dabigatran in the case of life-threatening
[54]
GIB or renal failure , but not for direct factor Xa
[1]
inhibitors as they are highly protein-bound .
Non-specific reversal agents include prothrombin
complex concentrates (PCCs) (either weight-based
3-factor or 4-factor PCCs), activated PCCs and
recombinant factor VIIa (rFVIIa). However, welldesigned clinical trials are not available to prove
their efficacy, and their use was also infrequent in
[5,49]
the phase III trials and observational studies
.
Moreover, their use has been associated with a risk of
[55-57]
thromboembolism
, although it has been shown
in a recent study that 4-factor PCCs actually had
a similar safety profile compared with fresh frozen
plasma in terms of thromboembolic events (around
[58]
7%) and deaths . Given the uncertain efficacy and
the potential risk of thromboembolism, these agents
should only be considered in the following situations:
life-threatening GIB, ongoing bleeding despite standard
measures, or delayed clearance of NOACs in patients
[49]
with renal failure . Anti-fibrinolytic agents (tranexamic
acid) have been used in the management of NOAC[49,59]
related GIB, but the experience is still limited
. FFP
and cryoprecipitate are not effective in reversing the
[49]
anticoagulant effect .
Specific reversal agents have also been developed
recently. Idarucizumab, a humanized monoclonal
antibody fragment (Fab) against dabigatran, is shown
to be able to completely reverse anticoagulation in
[60]
around 90% of patients , and has been approved
in the United Sates. Andexanet alfa is a recombinant
modified human factor Xa decoy protein which
binds to the factor Xa inhibitors, and therefore is a
[49]
universal factor Xa reversal agent . It has been
shown to substantially reverse anti-factor Xa activity,
with hemostasis achieved in around 80% of patients
[61]
presenting with acute major bleeding . Aripazine
is a cationic small molecule that can prevent NOACs
(including dabigatran and factor Xa inhibitors) from
binding with their targets through non-covalent
[62]
binding and charge-charge interaction . It is still in
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CONCLUSION
Compared with warfarin, there is a higher risk of GIB
for high-dose dabigatran (150 mg b.i.d), rivaroxaban
and high-dose edoxaban (60 mg daily). Reviewing
the indications of NOACs and prescribing a particular
NOAC on an individual basis are therefore of utmost
importance. In addition, physicians should be aware
of the risk factors for NOAC-related GIB and adopt
preventive measures accordingly. In the majority of
cases, overt GIB can be handled by withholding NOACs
combined with delayed endoscopic treatment.
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Traditional Chinese herbal extracts inducing autophagy as a
novel approach in therapy of nonalcoholic fatty liver disease
Cong Liu, Jia-Zhi Liao, Pei-Yuan Li

Abstract

Cong Liu, Jia-Zhi Liao, Pei-Yuan Li, Division of Gastro
enterology, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430030, Hubei
Province, China

Non-alcoholic fatty liver disease (NAFLD) is one of the
leading causes of chronic liver diseases around the
world due to the modern sedentary and food-abundant
lifestyle, which is characterized by excessive fat
accumulation in the liver related with causes other than
alcohol abuse. It is widely acknowledged that insulin
resistance, dysfunctional lipid metabolism, endoplasmic
reticulum stress, oxidative stress, inflammation, and
apoptosis/necrosis may all contribute to NAFLD. Auto
phagy is a protective self-digestion of intracellular
organelles, including lipid droplets (lipophagy), in
response to stress to maintain homeostasis. Lipophagy
is another pathway for lipid degradation besides
lipolysis. It is reported that impaired autophagy also
contributes to NAFLD. Some studies have suggested
that the histological characteristics of NAFLD (steatosis,
lobular inflammation, and peri-sinusoid fibrosis) might
be improved by treatment with traditional Chinese
herbal extracts, while autophagy may be induced. This
review will provide insights into the characteristics of
autophagy in NAFLD and the related role/mechanisms
of autophagy induced by traditional Chinese herbal
extracts such as resveratrol, Lycium barbarum polysac
charides, dioscin, bergamot polyphenol fraction,
capsaicin, and garlic-derived S-allylmercaptocysteine,
which may inhibit the progression of NAFLD. Regulation
of autophagy/lipophagy with traditional Chinese herbal
extracts may be a novel approach for treating NAFLD,
and the molecular mechanisms should be elucidated
further in the near future.
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chanisms of NAFLD has yet to be identified.
Autophagy is a self-digestion process that occurs
in all cells. Basal autophagy in eukaryotic cells is a
protective response to stress resulting from internal
and external stimuli such as injury, infection, etc.
Double membrane fragments derived from intracellular
organelles, such as mitochondria, pieces of ER and
Golgi apparatus, can enfold damaged organelles
and misfolded or unfolded proteins, which are then
transported to lysosomes for degradation. The
degradation products are finally recycled as substrates
[12,13]
to be used for new cell formation
.
Three main types of cellular autophagy have been
identified: macroautophagy, chaperone-mediated
autophagy, and microautophagy. Autophagy is a multistep process including initiation, elongation, enclosure,
maturation and degradation. It is widely acknow
ledged that about 30 mammalian homologs of yeast
autophagy-related proteins (Atg) have been identified
which are involved in initiation and elongation of the
[14]
isolation membrane . The initiation step requires
the ULK1-Atg13-Atg101-FIP200 complex and Beclin1[14,15]
Vps34-Vps15-Atg14L complex
. Under starvation
stress, mTOR is inactivated, resulting in ULK1 activation
and phosphorylation of Atg13, Atg101 and FIP200. The
above two complexes recruit two conjugation systems
including Atg12 conjugation system (including Atg5,
Atg12, Atg7, Atg10 and Atg16L1) and LC3 conjugation
system (including LC3, Atg4, Atg7 and Atg3), which are
[15]
essential for elongation and enclosure steps .
Basal level of autophagy in a cell helps to maintain
its homeostatic state and normal function, and promote
its survival under stressful conditions. However, constant
[16,17]
stimulation can still lead to autophagic cell death
.
It is well documented that aging, neurodegeneration,
tumors, immunological diseases, diabetes and NAFLD
have an intertwined relationship with autophagic
[18-20]
disorders
. Thus, maintenance of autophagy balance
is important for good health.

Core tip: Due to the modern sedentary and foodabundant lifestyle, the incidence of non-alcoholic fatty
liver disease (NAFLD) has doubled during the past
years, and its prevalence ranges from 20% in China
and 27% in Hong Kong to 30% in Western countries.
Although NAFLD is a major cause of chronic liver
diseases, a satisfactory treatment targeting one or
several pathological mechanisms of NAFLD has yet
to be identified. Recent studies have suggested that
Chinese herbal extracts (resveratrol, Lycium barbarum
polysaccharides, dioscin, bergamot polyphenol fraction,
capsaicin, garlic-derived S-allylmercaptocysteine) may
inhibit NAFLD progression by inducing autophagy, the
role and mechanisms of which are summarized in this
review.
Liu C, Liao JZ, Li PY. Traditional Chinese herbal extracts
inducing autophagy as a novel approach in therapy of
nonalcoholic fatty liver disease. World J Gastroenterol 2017;
23(11): 1964-1973 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i11/1964.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.1964

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of
the leading causes of chronic liver diseases around
the world, and is characterized by an excessively
high accumulation of fat deposits in the liver resulting
[1,2]
from causes other than chronic alcohol abuse . The
incidence of NAFLD has doubled during the past years,
and its prevalence ranges from 20% in China and 27%
in Hong Kong to 30% in Western countries, primarily
due to the modern sedentary and food-abundant
[3,4]
lifestyle in those regions . The spectrum of NAFLD
extends from non-alcoholic simple steatosis (NAS)
to non-alcoholic steatohepatitis (NASH) and liver
cirrhosis. Furthermore, NAFLD can progress to liver
[5-7]
cancer without fibrosis .
NAFLD is often accompanied by obesity, diabetes
and hyperlipidemia, and therefore closely asso
ciated with insulin resistance and lipid metabolism
dysfunction, both of which can lead to the excessive
accumulation of lipid droplets in hepatocytes (the
first hit). Such lipid accumulation makes hepatocytes
particularly vulnerable to internal and external stimuli
during the first hit. As a result, lipid peroxidation,
oxidative stress, cytokines, endoplasmic reticulum (ER)
stress and endotoxins can all further aggravate any
pre-existing liver injury, induce inflammation, impair
autophagic flux and activate Kupffer cells. These types
of cellular responses lead to lobular inflammation,
Mallory-Denk bodies, NASH, fibrosis, and finally liver
[8-10]
cirrhosis
. Moreover, a small percentage of such
[11]
patients develop hepatic carcinoma . Although NAFLD
is a major cause of chronic liver diseases, a satisfactory
treatment targeting one or several pathological me
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NAFLD AND AUTOPHAGY
NAFLD is always accompanied by the combined
comorbidities of obesity, diabetes and dyslipidemia,
[21]
otherwise described as metabolic syndrome . The
basic pathogenesis of NAFLD is an excessive accu
mulation of lipid droplets in hepatocytes, resulting
from dysfunctional lipid metabolism combined with
[22]
insulin resistance . The lipid droplets are accumu
lations of triglyceride that can be easily identified by
staining with hematoxylin and eosin or Oil Red O.
A therapeutic approach that induces lipid degrada
tion and simultaneously inhibits fat synthesis while
maintaining a normal level of lipid metabolism may
represent the proper strategy for treating NAFLD.
Two major lipid metabolism pathways have been
identified in human: the lipolysis pathway and the
[23-25]
lipophagy pathway
(Figure 1). Lipolysis refers to
the gradual degradation of intracellular lipid droplets
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Figure 1 Two major lipid metabolism pathways have been identified in human: the lipolysis pathway and the lipophagy pathway.

into free fatty acids and glycerol by the activity of
cytoplasmic lipases. These newly released free fatty
acids are then transported into mitochondria, where
they undergo β-oxidation to form acetyl-CoA, which in
turn, is finally converted to carbon dioxide and water
via the Krebs cycle. As the major pathway of lipid
degradation in eukaryotic cells, lipolysis is a complex
multi-step process that also plays a significant role in
[26]
maintaining energy balance .
Another method used by cells to degrade lipids is
the lipophagy pathway, by which the double membrane
wraps lipid droplets and sends them to lysosomes as
[27]
autolysosomes for degradation . Lipophagy ensures
the degradation of excessive lipid droplets deposited in
cells, and the maintenance of cellular “steady state”.
Lipolysis and lipophagy both play important roles in
the degradation of lipid droplets.
It is widely accepted that autophagy is up-regulated
during the early stage of NAFLD as an attempt to
[28]
prevent lipid accumulation . However, as NAFLD
[29]
progresses, the autophagy process is blocked . Singh
[30]
and his research team
were the first to identify a
relationship between autophagy and lipolysis. They
found that mice fed with a high-fat diet or methionine
choline-deficient (MCD) diet had significantly de
creased levels of autophagy. Treating the mice with
3-maleimidopropionic acid or silencing the ATG5 gene
with siRNA sharply increased the accumulation of lipid
droplets in liver cells. Furthermore, rapamycin (mTOR
inhibitor) was found to promote autophagy and also
[31]
to alleviate lipid deposition both in vivo and in vitro .
Pretreatment with rapamycin (25 ng/ml) resulted in
increased autophagy, while the levels of ER stress,
apoptosis and lipid droplets decreased in palmitic acid[32]
induced fatty hepatocytes . These findings indicated
that autophagy might negatively regulate lipid deposition
and ER stress.
In cultured cells and mouse models, knockdown
of Atg5 or Atg7 led to increased levels of both ER
[33]
stress and insulin resistance . Double immuno
fluorescence studies confirmed that lipid breakdown
occurred partially via the autophagy-lysosome path
way, and inhibitors of autophagosome formation or
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autophagosome-lysosome fusion could markedly
[30]
reduce such degradation . Furthermore, autophagy
was also found to help regulate the inflammatory
response. Knockout of Atg5 in mouse macrophages
blocked autophagy and increased IL-1β levels following
[34]
administration of D-galactosamine/lipopolysaccharide .
Moreover, several studies conducted with animal models
of NAFLD and actual NAFLD patients have reported
that autophagy flux was suppressed, and that restoring
autophagy balance could alleviate the histologic signs of
[32,33]
fatty liver disease
.
Briefly, short-term inhibition of autophagy in NAFLD
could be induced through the mTOR complex, while
long-term inhibition could be regulated via the trans
cription factors FoxO and TFEB, which control the
transcription of autophagic genes and are inhibited
by insulin-induced activation of Akt/PKB and mTOR,
respectively. mTOR could be over-activated in the
liver, presumably as a result of over-nutrition and/
or hyperinsulinemia. Calcium-dependent protease
calpain-2 induced by obesity could also lead to the
degradation of Atg7, with impaired autophagy. A
reduction in expression of cathepsins B, D and L and a
defect in lysosomal acidification could impair substrate
degradation in autolysosomes. Finally, high-fat diet
could lead to impaired autophagosome-lysosome
fusion. In turn, decreasing hepatic autophagy and the
associated lysosomal degradation could increase the
[15]
ER stress in NAFLD .
In conclusion, the progression of NAFLD is closely
associated with impaired autophagy flux, and restoring
autophagy balance improves NAFLD.

ROLE OF AUTOPHAGY INDUCED
BY TRADITIONAL CHINESE HERBAL
EXTRACTS IN TREATING NAFLD
Traditional Chinese herbal extracts, usually extracted
from native plants, have been used in various clinics
for thousands of years. In the past, due to the lack
of advanced analytical technologies, people had
little understanding of the mechanisms by which
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certain Chinese herbal extracts might treat or cure
certain diseases. However, due to recent advances in
technologies used in biochemistry and pharmacology,
more and more people have become aware of the
strong and lasting efficacy of the Chinese herbal
extracts used to maintain health. Moreover, several
such medicines are now used in the clinical treatment
[35,36]
of NAFLD
. Recent studies have suggested that
Chinese herbal extracts function by inducing autophagy,
which may inhibit NAFLD progression (Table 1).

with chloroquine showed blockade of autophagy, with
inflammatory response (IL-6, IL-1β and TNFα) and
oxidative stress (reactive oxygen species, ROS) being
accumulated in the cells. However, autophagy was upregulated while inflammatory response and oxidative
stress were attenuated when the AML12 cells were
[47]
further treated with resveratrol . These facts indicate
that resveratrol protects against NAFLD partially
[46,47]
through regulating autophagy
.

Resveratrol

The Lycium barbarum polysaccharides (LBPs) consist
of fibrous-like proteoglycan molecules that are
extracted from the rare but traditional medicinal herb,
Chinese wolfberry (Lycium barbarum L.). Recent
evidence has confirmed that LBPs are composed of
arabinose, glucose, galactose, mannose, xylose and
rhamnose. Due to their antioxidant, anti-cancer, antiaging, neuroprotective, anti-hyperlipemia and antihyperglycemia properties, LBPs are increasingly
[48,49]
consumed by elderly individuals
. In a NASH rat
model, LBPs displayed therapeutic effects when used
to treat steatosis, inflammation and hepatic fibrosis.
Moreover, LBPs were shown to reduce steatosis by
reducing mRNA expression of SREBP-1c while re
gulating inflammatory cytokines (TNF-α, IL-1β and
MCP-1), partially by inhibiting activation of the NF[50,51]
. LBPs were also shown to alleviate
κB pathway
hepatic fibrosis by affecting the TGF-SMAD signaling
pathway. Finally, when LBPs were administered to
female Sprague-Dawley rats fed with a high-fat diet,
certain autophagic markers (Atg5 and LC3II) became
significantly up-regulated while certain autophagic
negative regulators [phosphorylated (p)mTOR and
[51]
p62] became down-regulated . Rat obesity, insulin
resistance, hepatic injury (inflammatory foci and cellular
necrosis), oxidative stress (antioxidant enzymes CAT
and GPx) were also improved. Autophagy was reported
to have the effects of improving insulin resistance
and oxidative stress. We speculate that LBPs improve
NAFLD/NASH via several different mechanisms, including
[51]
autophagy .

Lycium barbarum polysaccharides

Resveratrol (trans-3,4,5-trihydroxystilbene) is a na
turally polyphenolic compound found in edible plants,
such as grapes, peanuts and berries. Due to its antiinflammatory, antioxidant and anti-cancer effects,
resveratrol is widely used to help prevent cardiovascular
and cerebrovascular diseases, treat cancer, and reduce
[37-39]
steatosis
. Several clinical trials have reported that
orally administered resveratrol inhibits the progression
[40-42]
of NAFLD
.
In a randomized, double-blind, controlled clinical
trial, 50 NAFLD patients were given one 500 mg
capsule of resveratrol per day for 12 wk while eating
an energy-balanced diet. Some parameters, such
as anthropometric measurements (weight, body
mass index and waist circumference), liver enzymes
(ALT and AST), and biomarkers of inflammation (hsCRP, TNF-α and IL-6) and hepatocellular apoptosis
(cytokeratin-18 fragment M30), as well as the histolo
gical characteristics (steatosis and fibrosis) of the
patients, were significantly improved compared with
[41]
the patients who received a placebo capsule . These
data suggest that resveratrol prevents NAFLD by inhibi
ting the inflammatory response, apoptosis and fibrotic
process.
Other studies have shown that resveratrol decreases
lipogenesis by suppressing expression of acetyl-CoA
carboxylase (ACC), peroxisome proliferator-activated
receptor γ (PPAR-γ) and sterol regulatory element-binding
[43,44]
protein-1 (SREBP-1)
. Additionally, resveratrol
was reported to reduce the levels of proinflammatory
cytokines TNF-α, IL-6 and IL-1β in mice fed a high[43,45]
fat diet by affecting the NF-κB pathway
. Finally,
results of another study suggested that resveratrol could
significantly increase autophagy and SIRT1 activity, and
might improve the symptoms of NAFLD partially by
inducing autophagy via the cAMP-PRKA-AMPK-SIRT1
[46]
signaling pathway .
When male C57BL/6 mice fed with MCD diet were
administered resveratrol (100 mg/kg or 250 mg/kg) or
AML12 cells cultured with MCD medium were treated
with resveratrol (50 μmol/L or 100 μmol/L), certain
autophagic markers (LC3II) became significantly upregulated while certain autophagic negative regulators
(p62) became down-regulated; steatosis and in
flammatory response (IL-6, IL-1β and TNFα) also
became down-regulated. Then, AML12 cells treated
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Dioscin

Dioscin is a natural steroidal saponin compound found
in dietary foods especially Dioscoreaceae (Dioscorea
opposite Thunb), which is widespread throughout
Asian countries such as China, North Korea and Japan.
Pharmacological studies have confirmed that dioscin
can reduce inflammation, decrease blood sugar and lipid
[52,53]
levels, protect hepatocytes and promote digestion
.
Due to these effects, dioscin is now widely consumed in
China.
Dioscin was found to promote β-oxidation of fatty
acids by up-regulating ACADM, ACADS, PPARα, ACSL1,
ACSL5, CPT1 and ACO expression. It can also inhibit
triglyceride and cholesterol synthesis by down-regulating
SREBP-1c, FAS, ACC1 and SCD1 expression, which
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NAFLD: Non-alcoholic fatty liver disease.

NAFLD induced by high
unsaturated fat diet (30% fish oil)
for 8 wk in female Sprague-Dawley
rats

NAFLD induced by high
unsaturated fat diet (30% fish oil)
for 8 wk in female Sprague-Dawley
rats

Garlic-derived
S-allylmercaptocysteine
(SAMC)

Capsaicin

NAFLD induced by cafeteria
Drinking water containing
diet (15% fat) every other day in
50 mg/kg per day BPF for 3 mo
addition to standard chow diet ad
libitum for 14 wk in male Rcc:Han
WIST rats
NAFLD induced by high-fat diet Steatosis was induced by incubating Diet containing 0.01% capsaicin for
(49% fat) for 24 wk in TRPV1-/- and HepG2 cells with 1 mmol/l oleate/
24 wk
C57BL/6 wild-type mice
palmitate (2:1)

-

-

Intraperitoneal injection of 200
mg/kg SAMC, 3 times per week for
8 wk

Intraperitoneal injection of 200
mg/kg SAMC, 3 times per week for
8 wk

Oral feeding with different dioscin
concentrations (20, 40, 80 mg/kg
per day)

Bergamot polyphenol
fraction (BPF)

-

NAFLD induced by high-fat diet
(45% kcal fat) for 10 wk in C57BL/6J
mice and ob/ob mice

Dioscin

-

Cell model

-

-

Treated by various capsaicin
concentrations (0.1-10 μmol/L)

-

-

Treated with LBPs for 24 h

Treated with RSV at various
concentrations (10, 20, 40,
80 μmol/L) for a further 24 h

Treatment
Oral feeding with 50 mg/kg per
day RSV from week 9 to week 12

Animal model

NASH induced by high-fat diet Steatosis was induced by incubating Oral gavage feeding with 1 mg/kg
for 12 wk in adult female Sprague- BRL-3A cells with sodium palmitate per day LBPs once a day from week
Dawley rats
acid
9 to week 12

4-wk induction of NAFLD with
high-fat diet (60% fat) in 129/SvJ
mice

-

Cell model

Steatosis was induced by incubating Diet containing RSV (0.4%) for 4 wk
HepG2 cells with palmitate acid (0.2
mmol/L) for 24 h

Model

ULK1 heterozygous knockout mice
were fed with high-fat diet for 12
wk

Animal model

Lycium barbarum
polysaccharides (LBPs)

Resveratrol (RSV)

Chinese herbs

Table 1 The beneficial properties of traditional Chinese herbal extracts in non-alcoholic fatty liver disease

Reduced lipogenesis (FAS, SREBP-1,
LXR, PPARα) and induced lipolysis
(phospho-HSL, CPT1), autophagy
through PPARδ-dependent manner
Reduced lipogenesis (SREBP1c), fibrosis (TGF-β1, α-SMA,
PC-1), oxidative stress (CYP2E1),
inflammation (TNF-α, IL-1β, iNOS,
COX-2, MCP-1, MIP-2, KC) and
induced lipolysis (adiponection),
antioxidative stress (CAT, GPx)
Reduced intrinsic apoptosis (Bcl-2,
Bcl-XL, Bakl, Bax) and extrinsic
apoptosis (Fas, TRAIL, FADD,
cleaved caspase-8), induced
autophagy (vps34, beclin1, Atg12,
LC3II, phosphorylated mTOR and
p62)

Improved NAS score, insulin
resistance, oxidative stress,
inflammation, glucose tolerance and
modulated autophagy
Reduced lipid accumulation,
stimulated β-oxidation and induced
autophagy through cAMP-PRKAAMPK-SIRT1
Reduced insulin resistance, serum
aminotransferases, inflammatory
responses, apoptosis and induced
autophagy
Reduced body weight, lipid
accumulation, inflammation
oxidative damage and induced
β-oxidation, autophagy, energy
expenditure
Reduced serum triglyceride, blood
glucose, hepatic steatosis and
induced autophagy

Pharmacological mechanisms

[68]

[67]

[65]

[59]

[55]

[51]

[46]

[45]
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[54,55]

[64]

might help to prevent lipid deposition
. Dioscin was
also shown to increase oxygen consumption and energy
expenditure. The levels of HO-1, Nrf2, GSS and SOD2
expression were found to be up-regulated and KEAP1
expression was down-regulated in a dose-dependent
manner in ob/ob and C57BL/6J mice pretreated with
dioscin, strongly suggesting that dioscin has an antioxidative effect. Additionally, the levels of p-mTOR/
mTOR, Beclin-1, Atg5 and LC3 II/I protein expression
[55]
were all up-regulated by dioscin . Dioscin might re
gulate autophagy through the mTOR-independent
pathway. These findings indicate that dioscin protects
[54,55]
against NAFLD, partially by inducing autophagy
.

levels of uncoupling protein 2 (UCP2) . UCP2 was
thought to play an important role in mitochondrial
lipolysis and oxidative stress. Another study showed
that capsaicin-activated TRPV1 raised the levels of
hepatic phosphorylated hormone-sensitive lipase
(phospho-HSL) and carnitine palmitoyl transferase
1 (CPT1), which were critical regulators of lipolysis.
This effect may be TRPV1-dependent because it was
absent in TRPV1 (-/-) mice. At the same time, the
levels of hepatic FAS, SREBP-1, PPARα and liver X
receptor remained unchanged, which was important
for lipogenesis. These findings suggest that capsaicin
promotes lipolysis without inhibiting fat synthesis in
NAFLD patients.
On the other hand, capsaicin was shown to enhance
the expression levels of PPARδ and several autophagyrelated proteins, including LC3 II, Beclin1, Atg5 and
Atg7 in HepG2 cells, which had been pretreated with
free fatty acids (oleate/palmitate, 2:1). Furthermore,
autophagy induced by capsaicin was further increased
by PPARδ agonist (GW0742) in steatosis HepG2 cells.
Autophagy inhibited by capsazepine (inhibition of
capsaicin) was further reduced by PPARδ antagonist
(GSK0660) in steatosis HepG2 cells. It is suggested
that chronic dietary capsaicin appears to prevent NAFLD
[65]
by enhancing PPARδ-dependent autophagy .

Bergamot polyphenol fraction

The bergamot polyphenol fraction (BPF) consists of
bioactive molecules extracted from Bergamot (Citrus
bergamia Risso Poiteau), which is like Buddha’s-hand.
While bergamot is native to Italy, it is now widely
distributed throughout the subtropical regions of China,
including Guangdong, Guangxi, Fujian and Yunnan.
Bergamot has anti-inflammatory, anti-hypertensive
and hepatic protective effects, and also promotes
[56,57]
digestion
. A clinical study found reduced total lowdensity lipoprotein, cholesterol, triglyceride and blood
glucose levels in 237 patients who had taken oral BPF
[58]
for 30 d .
Due to its pharmacological profile, BPF may be
useful for treating hyperlipemic and hyperglycemic
disorders. In a cafeteria diet-induced rat model of
metabolic syndrome, BPF significantly reduced steatosis
by decreasing total serum lipid levels. Moreover, the
expression levels of two autophagy markers (LC3
II/I and Beclin-1) were increased while SQSTM1/p62
expression was reduced, indicating that BPF could
[59]
stimulate autophagy . The specific mechanism by
which BPF prevents NAFLD remains unclear. However,
enhancement of lysosomal function via transcription
factor EB, and activation of ULK1 kinase by AMPK might
[59]
help to up-regulate autophagy .

Garlic-derived S-allylmercaptocysteine

S-allylmercaptocysteine (SAMC) is the major active
component of garlic (Allium sativum L.), which is
one of the most favorite seasonings of food in China.
Garlic is originally from the western plateau of Asia,
but is now widely planted in low-wet areas of China,
including Henan, Shandong, Jiangsu, etc. Garlic has
the effects of sterilization, antioxidant and anticancer. A randomized, double-blind, controlled clinical
trial found that body weight and body fat mass were
decreased in 55 NAFLD patients who had orally taken
two garlic tablets per day (containing 400 mg of
[66]
garlic powder) . Furthermore, some pharmacological
studies had confirmed that SAMC could ameliorate
NAFLD. A survey indicated that SAMC could reduce
steatosis, fibrosis, oxidative stress and inflammation
in female rats fed with a highly unsaturated fat diet
(30% fish oil) by up-regulating the levels of lipolysis
markers (adiponectin), antioxidative stress markers
(CAT and GPX), and down-regulating the levels of
lipogenesis markers (SREBP-1c), fibrosis markers
(TGF-β1, α-SMA and PC-1), oxidative stress markers
(CYP2E1) and inflammatory markers (TNF-α, IL-1β,
iNOS, COX-2, MCP-1, MIP-2 and KC). The protective
effect of SAMC was partly through regulation of p38
[67]
MAPK, NF-κB and AP-1 signaling pathways . Another
survey suggested that hepatic autophagic negative
regulators (phosphorylated mTOR and p62), intrinsic
apoptotic markers (phosphorylated p53, Bcl-2, Bcl-XL,
Bakl and Bax) and extrinsic apoptotic markers (Fas,
TRAIL, FADD and cleaved caspase-8) were reduced

Capsaicin

Capsaicin (8-methyl-N-vanillylnonanamide) is a major
chemical component of hot peppers (Capsicum annuum
L.), which is originally from Mexico but has become a
favorite seasoning food in China. Odorless and colorless
dietary capsaicin is a potent agonist of transient
receptor potential vanilloid 1 (TRPV1), which is a nonselective cation channel with a preference for positive
[60]
ions that transmit sensations of pain . Long-term
intake of dietary capsaicin can lower blood pressure,
reduce cholesterol accumulations, and accelerate the
[61,62]
decomposition and excretion of cholesterol
.
Furthermore, appropriate amounts of dietary
capsaicin have beneficial effects on obesity and
[63,64]
NAFLD
. A survey indicated that dietary capsaicin
could reduce lipid accumulation and triglyceride levels
in mice fed with a high-fat diet by up-regulating the
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Figure 2 The role of autophagy induced by traditional Chinese herbal extracts in treating non-alcoholic fatty liver disease. SAMC: Garlic-derived
S-allylmercaptocysteine; LBPs: Lycium barbarum polysaccharide; RSV: Resveratrol; BPF: Bergamot polyphenol fraction; DIO: Dioscin; CAP: Capsaicin; PPAR:
Peroxisome proliferator-activated receptor; TRPV1: Transient receptor potential vanilloid 1.

As we have discussed above, it is strongly suggested
that some traditional Chinese herbal extracts, such as
resveratrol, LBPs, dioscin, BPF, capsaicin and SAMC,
should have beneficial effects on NAFLD/NASH, partially
due to their ability to activate autophagy (Figure 2).
However, additional studies are needed to elucidate the
molecular mechanisms by which traditional Chinese
herbal extracts protect from NAFLD. Finally, prospective,
randomized, double-blind, controlled clinical trials
should be conducted to evaluate the specific therapeutic
effects and safety of traditional Chinese herbal extracts
for NAFLD patients.

while hepatic autophagic markers (vps34, beclin1,
Atg12 and LC3II) induced in NAFLD rat models after
intraperitoneal injection of SAMC (200 mg/kg 3 times
[68]
per week) . These findings indicate that SAMC
[68]
prevents NAFLD, partially by inducing autophagy .

CONCLUSION
Traditional Chinese herbal extracts are widely used
to prevent cancer, neurodegeneration and metabolic
syndrome, as well as cardiovascular and cere
brovascular diseases. Furthermore, many people use
them as “first choice” medications for maintaining
[69,70]
health
. Traditional Chinese herbal extracts have
beneficial effects in treating NAFLD, as they could
reduce steatosis and inhibit inflammation and oxidative
[71-73]
stress
. In addition, these medicines appear to
reverse histologic changes in the livers of NAFLD
patients, which may prevent NAFLD from progressing
to hepatic cirrhosis and even carcinoma.
Autophagy is a protective response that helps
to maintain homeostasis and to promote survival.
Lipophagy is a special kind of autophagy by which
the double membrane wraps lipid droplets and sends
them to lysosomes for degradation. The fundamental
function of lipophagy is the degradation of abnormal
lipid droplets deposited in cells and the maintenance
of steady state. But, autophagy is partially suppressed
in NAFLD/NASH patients and animal models, and
restoring autophagy may slow the progression of
NAFLD. Moreover, autophagy is a double-edged sword.
It protects hepatocytes by inhibiting oxidative stress
[74,75]
and inflammation
; yet, its over-stimulation may
result in autophagic cell death that aggravates any
[76]
existing liver damage .
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Abstract
There is currently a pressing need for alternative the
rapies to liver transplantation. The number of patients
waiting for a liver transplant is substantially higher than
the number of transplantable donor livers, resulting in
a long waiting time and a high waiting list mortality.
An extracorporeal liver support system is one possible
approach to overcome this problem. However, the
ideal cell source for developing bioartificial liver (BAL)
support systems has yet to be determined. Recent
advancements in stem cell technology allow researchers
to generate highly functional hepatocyte-like cells
from human pluripotent stem cells (hPSCs). In this
mini-review, we summarize previous clinical trials with
different BAL systems, and discuss advantages of and
potential obstacles to utilizing hPSC-derived hepatic cells
in clinical-scale BAL systems.
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Core tip: The current lack of transplantable donor
livers in the world has led to the development of
extracorporeal liver support systems as one possible
approach to overcome this problem. Bioartificial liver
(BAL) support systems require a cell source to replicate
human liver function, yet the ideal cell source for this
purpose has yet to be determined. Highly-functional
hepatocyte-like cells have recently been generated from
human pluripotent stem cells, which show promise as
a potential cell source in BAL support systems for the
treatment of liver failure in the future.
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[16]

cell lines, and primary animal hepatocytes . Human
[16]
primary hepatocytes are ideal for the BAL system .
However, the low availability and inconsistent quality
of primary human hepatocytes prevent their use in
[16]
clinics . Although human hepatic cancer cell lines
and animal liver cells are readily available, they
are less metabolically active than primary human
[17]
hepatocytes . In addition, the risk of zoonoses
precludes the use of animal cells. For example, it has
been shown that porcine endogenous retroviruses are
[18]
capable of infecting human cells in vitro .
Recent advancements in stem cell research have
demonstrated that hepatocyte-like cells can be
[19]
derived from human pluripotent stem cells (hPSCs) .
hPSCs can be generated from a patient’s own cells
[20]
by introducing several transcription factors . They
are capable of differentiating into cells from all three
[21-23]
germ layers, including neural cells
, osteogenic
[24]
[25]
[26]
cells , cardiac cells , adipogenic cells , pancreatic
[27,28]
[29]
[30]
cells
, vascular cells , hematopoietic cells ,
[30]
[31,32]
endothelial cells , and hepatocytes
. hPSC-derived
hepatic cells have been shown to express hepatocyte
[33]
marker genes and proteins . They also demonstrate
hepatic functions including albumin secretion, urea
[31]
synthesis, cytochrome P450 enzyme induction , and
[34]
glycogen storage .
hPSC-derived hepatic cells possess minimal risk
when used in a BAL system, but are unsuitable for
other applications due to their risk of tumorigenicity.
The genetic instability of hPSCs results in an underlying
uncertainty of transplanting large quantities of hPSC[35]
derived hepatic cells directly into a patient . On the
other hand, the risk of tumorigenicity is minimized in
a BAL system, as the hPSC-derived hepatic cells would
be isolated from the patient’s blood stream by multiple
layers of filter membranes (Figure 2). Therefore, while
hPSC-derived hepatic cells may not be ideal for cell
transplantation, they are viable candidates for a BAL
system.
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INTRODUCTION
Needs for bioartificial liver systems in clinical practice

Liver disease is one of the most prevalent medical
conditions in the world today, affecting hundreds
[1-3]
of millions of people worldwide
. Many of these
diseases, such as end-stage liver diseases and
some inherited liver diseases, can only be treated
[4]
successfully with a liver transplant . Although 11606
patients were added to the liver transplant waiting
list in the year 2015, only 7127 patients received a
[4]
liver transplant in that same year . This discrepancy
demonstrates the profound shortage of transplantable
donor livers. This shortage of livers resulted in a high
waiting list mortality, with 1423 patients dying in
[4]
2015 while waiting for a transplant . Therefore, it is
imperative that new therapies are developed to provide
an alternative to liver transplantation.
Extracorporeal liver support systems were de
veloped with the aim of stabilizing a patient long
enough for his or her own liver to regenerate or for
physicians to procure a transplantable liver. Early
support systems functioned to supplement liver
function by removing toxins from the blood through
[5]
non-biological hemofiltration . These non-biological
type extracorporeal liver support systems have been
clinically established and are widely used in countries
[5]
where liver transplantation is limited . However, it
became apparent that non-biological hemofiltration
devices were incapable of adequately replicating liver
[5]
function . In order to overcome the limitations of nonbiological devices, live cells that possess liver function
were incorporated into the development of bioartificial
[5]
liver support (BAL) systems . There are several types
of BAL systems that have been proposed which differ
in their cell housing mechanism, including hollow fiber[6-10]
[11]
based
, multilayer membrane-based , sponge/
[12-14]
scaffold-based
, and floating/encapsulated-based
[15]
systems (Figure 1). Although most of these housing
mechanisms have successfully cultured cells on the
small experimental scale, hollow fiber-based BAL
systems are widely used in clinical trials.

SUCCESSES AND CHALLENGES OF
DEVELOPING CLINICAL BAL SYSTEMS
Several BALs have been evaluated in clinical trials,
[13,14]
as previously explored in van de Kerkhove et al
[6-10,13,14]
(Table 1)
. The Extracorporeal Liver Assist
Device (ELAD) utilizes the human hepatoblastoma cell
line HepG2/C3A (100 g) in hollow fiber-based dialysis
cartridges. A phase III trial treated 96 patients with
alcohol-induced liver decompensation. In subjects
age < 50 years, creatinine < 1.3 mg/dL, bilirubin ≥
16 and international normalized ratio (INR) ≤ 2.5,
the 91-d survival rates were 93.9% for ELAD-treated
[10]
subjects and 68.4% for control subjects (P = 0.006) .
A second BAL design, the Modular Extracorporeal
Liver Support (MELS) system, consists of interwoven
hollow fiber membranes, creating a three-dimensional

SOURCES OF HEPATOCYTES FOR BAL
SYSTEMS
Several types of cells may be selected for use in a
BAL system. These include primary hepatocytes
isolated from human livers, human hepatoblastoma
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Bioreactor
design

Scaffold

Whole
blood
Plasma

Plasma

Plasma

Plasma

Plasma

Fluid
3000 kDa
cut-off
70 kDa
cut-off
300 kDa
cut-off
400 kDa
cut-off
100 kDa
cut-off
None
24

12

7-74

7-46

Up to 168

6

Separation Treatment
time (h)

Ⅰ

Ⅰ

Ⅰ

Ⅰ/Ⅱ

Ⅲ

Ⅲ

Phase

Effect

ALF (12)

ALF (2), PNF (2),
AOC(4)
ALF (2), AOC (2)

Bridged to OLT 11, Survival without
OLT 1

Bridged to OLT 6, Survival without OLT
1, Died without OLT 1
Bridged to OLT 1, Died without OLT 3

ALF (147), PNF (24) HepatAssist survival of 71.0% vs control
survival of 62.0% P = 0.28, (NS)
AILD (96)
ELAD survival of 80.4% vs control
survival of 65.2% P = 0.068, (NS)
ALF (8)
Bridged to OLT 8

Indication (n )

100 million cells/gram of liver. AILD: Alcohol-Induced Liver Decompensation; AOC: Acute-on-chronic liver failure; ALF: Acute liver failure; PNF: Primary graft nonfunction; OLT: Orthotopic liver transplantation.

van de Kerkhove et al[13,14]

1

Hollow
Microcarrier + external
fiber
inoculation
200-400
Hollow
External inoculation
fiber
up to 500
Hollow
External inoculation
fiber
up to 600
Hollow
External inoculation
fiber
70-120
Hollow
Collagen + external
fiber
inoculation
100
Nonwoven
Spiral membrane +
polyester matrix

50-70

Mass (g)

1976

BAL systems have demonstrated a potential to treat patients with liver failure by providing temporary support for them to recover their own hepatocytes or to bridge them
to liver transplantation. Early BAL systems have encountered significant limitations due to the low functionality and availability of cells for this application. With emerging
stem cell technology, hepatocyte-like cells can be differentiated from hPSCs. Due to their functional similarity to primary human hepatocytes and minimal risk of use, these

CONCLUSION

framework utilizing primary human hepatocytes. In one trial, eight patients (two with acute liver failure, four with acute-on-chronic liver failure, and two with primary
[8]
nonfunction) were successfully bridged to liver transplantation . Several other trials have yielded similar results regarding degree of effectiveness.
Despite the effectiveness of BAL systems in clinical trials, their translation from the laboratory bench to the patient’s bedside has been hindered by three obstacles.
Firstly, it is necessary to prepare a sufficient quantity of hPSC-derived hepatic cells for clinical applications. It has been widely suggested that approximately 30% of
the total liver volume is required for survival. Considering that the average mass of a human liver is 1.5 kg, and that 100 million hepatocytes are contained in 1 g of
[36]
liver tissue, a minimum of 45 billion hPSC-derived hepatic cells would be required to produce a clinical-scale BAL device (Figure 3). Secondly, the operation cost of a
BAL device is currently too expensive for widespread clinical use. The process of culturing 45 billion hPSCs and inducing hepatic differentiation consumes large quantities
[37]
of culture medium and supplements including recombinant growth factors . As the length of treatment increases, the cost of operating a BAL device accumulates
significantly. Thirdly, it has not been well investigated whether hPSC-derived hepatic cells maintain their liver functions over a long period of time in BAL devices. The loss of
[38]
cell viability and functionality throughout the course of treatment may be problematic .
The most critical factor for large-scale cell culture is oxygen and nutrient supply. The oxygen and nutrients must be uniformly supplied to a large number of cells. It
is well known that the anchorage-dependent hepatocytes easily form aggregates, and if the diameter of the aggregates exceeds 100µm at atmospheric concentrations,
[39]
central necrosis occurs resulting from lack of oxygen and nutrition . This fact indicates that the organization of the cell culture space in the large-scale BAL system must
allow for sufficient oxygen and nutrient penetration of the cell aggregates. A sophisticated controlling system and well-engineered bioreactor will be required to monitor
[40]
oxygen and nutrient supply. In addition, since hPSCs are sensitive to environmental factors, the shear stress from the culture medium must be minimized . Ideally, the
bioreactor should mimic the structure within the liver, which provides appropriate pressure and shear stress similar to the Space of Disse.

1

Sauer et al[8]

MELS

Mazariegos et al[6]

Mundt et al[7]

LSS

Excorp
Medical BLSS
AMC-BAL

Primary porcine
hepatocytes
Primary human
hepatocytes
Primary porcine
hepatocytes
Primary porcine
hepatocytes

Reich et al[10]

Vitagen ELAD

Cells

Cryopreserved
porcine hepatocytes
HepG2/C3A

Ref.

Demetriou et al[9]

HepatAssist

Bioreactor
device

Table 1 Bioartificial liver devices used in clinical trials
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Type

Pros

Cons

Hollow fiber (tubular)

Simple structure, divertible from dialyzer, minimal shear
stress, immunoisolation

Uneven gas-liquid mass transfer, no intrinsic oxygen supply

Hollow fiber (interwoven)

Ease of scale-up, efficient and uniform mass transport,
minimal shear stress, immunoisolation, good oxygen and
nutrient supply

Complex structure

Uniform cell distribution and microenvironment

Limitations to scale-up, cells exposed to direct shear stress, low
surface area-to-volume ratio, no intrinsic oxygen supply

Ease of scale-up, minimal barrier to nutrient/metabolite
transport

Non-uniform cell distribution, cells exposed to shear stress, no
intrinsic oxygen supply

Ease of scale-up, uniform microenvironment

Poor cell stability, barrier to nutrient/metabolite transport due
to encapsulation, degradation of microcapsules over time, no
intrinsic oxygen supply

Multilayer membrane

Sponge/scaffolds

Floating/encapsulated

Figure 1 Artificial liver device designs.

Blood circulation

Plasma circulation
BAL (hollow fiber separation)
DFPP

Air trap

Monitor

Reservoir

Safety filter
Waste

Figure 2 Bioartificial liver system with human pluripotent stem cells-derived hepatic cells using double filtration plasmapheresis. In a bioartificial liver (BAL)
system, patient plasma is first separated from whole blood by double filtration plasmapheresis (DFPP). Plasma then perfuses a bioartificial device using hydrophilic
hollow fibers. The human pluripotent stem cells (hPSCs)-derived hepatic cells are inoculated at the outside of the hollow fibers. The detoxified patient plasma is
filtered once more before returning to the patient’s blood stream. The hollow fiber membranes and safety filter provide two layers of separation between the patient’s
blood stream and the hPSC-derived hepatic cells.

hPSC-derived hepatic cells will be the ideal cell source
to develop clinical-grade bioartificial devices. Further
clinical translational studies will be required to overcome
the obstacles to developing large-scale BAL devices with

WJG|www.wjgnet.com

hPSC-derived hepatic cells. If successful, these readily
available and highly functional extracorporeal liver
support systems will be a feasible alternative for the
treatment of liver failure in the near future.
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Day 0

HGF
KGF

FGF4
BMP2

Act A
3

7

OSM
Dex
13

OSM
Dex
N2B27
  18

21

×3
1. hPSCs stock

2. Suspension culture
15 billion cells/flask (15 L)

3. Differentiation process

High-density 3D
culture in bioreactors

4. Seeding hPSC-derived hepatic cells into BAL devices
45 billion cells/BAL

Figure 3 A strategy and cell number estimate of human pluripotent stem cells-derived hepatic cells in the mass production of bioartificial liver devices.
Undifferentiated human pluripotent stem cells (hPSCs) can be expanded in a 15 L suspension culture system up to a maximum of 15 billion cells[37]. Three of these
suspension culture flasks will be required to prepare 45 billion cells for a clinical-scale bioartificial liver (BAL) device. After inducing hepatic differentiation, the hPSCderived hepatic cells will be cultured at high density in bioreactors to generate a BAL device.
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Abstract
AIM
To evaluate effect of treatment failure on cagA and
vacA genotypes in Helicobacter pylori (H. pylori ) isolates
from Colombia.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
One hundred and seventy-six participants infected
with H. pylori from Colombia were treated during 14
d with the triple-standard therapy. Six weeks later,
13
eradication was evaluated by C-Urea breath test.
Patients with treatment failure were subjected to
endoscopy control; biopsies obtained were used for
histopathology and culture. DNA from H. pylori isolates
was amplified using primers specific for cagA and vacA
genes. The phylogenetic relationships among isolates
obtained before and after treatment were established
by conglomerate analysis based on random amplified
polymorphic DNA (RAPD) fingerprinting.
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RESULTS
Treatment effectiveness was at 74.6%. Of the par
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[4]

and persists throughout life . Although most H. pyloripositive persons are asymptomatic, only a small set of
infected individuals will progress to severe gastrointestinal
diseases such as non- Hodgkin’s lymphoma of the
[1,2,4]
stomach or distal gastric adenocarcinoma
. The
clinical outcome of the infection is influenced by immune
[3,5-7]
mechanisms in the host, environmental factors
, and
[8]
genetic heterogeneity of the strain . To date several
genes in the genome of H. pylori have been identified
[9]
and associated with disease , however, the two genes
best understood in terms of structure and function are
cagA and vacA genes.
The cagA gene is an important constituent of cag
pathogenicity island, present in 50%-60% of the
[8,10]
Western H. pylori strains
, and in more than 90%
of the strains isolated in East Asia, encodes a bacterial
[2,11,12]
oncoprotein (CagA)
, which is directly translo
cated within the epithelial cells via a type Ⅳ secretion
system; CagA undergoes tyrosine phosphorylation
by host cell kinases within repeated sequences of five
amino acids (glutamic acid-proline-isoleucine-tyrosine[1,11,13]
alanine), called EPIYA motifs
. These motifs show
variation in the number of repetitions present in the
carboxyl-terminus region of the protein, and based on
the sequences surrounding them, they are defined as
[1]
EPIYA-A, -B, -C, and -D . EPIYA-A and EPIYA-B motifs
are typically present in the CagA proteins of all cagApositive isolates, followed by one to three EPIYA-C
motifs, or by an EPIYA-D motif in Western and East
[12,13]
Asian-type isolates, respectively
. Phosphorylated
CagA interacts with the SHP-2 phosphatase and the Crk
[14]
protein , resulting in reorganization of the cytoskeleton,
cell elongation (hummingbird phenotype), and abnormal
[11]
proliferation . Hence, the sequence polymorphisms and
duplications shown by CagA protein in their C-terminal
[13]
region can modify the risk of disease by H. pylori . Due
to this, characterization of the number and type of EPIYA
motifs in clinical isolates provides an additional value to
[15]
the detection of the cag island .
Unlike cag PAI, all the H. pylori strains carry the
[2,10]
vacA gene
, but this is only expressed in about
[16,17]
half of all the strains
, it encodes an vacuolating
toxin known as VacA that exerts multiple effects in the
epithelial cells, resulting in cell damage, and inhibits
[2]
activation and proliferation of T cells . vacA is a
polymorphic gene that exhibits two major regions of
sequence diversity: signal (s) and median (m) region.
There are two types of signal sequence of vacA (s1
or s2) and two types of median region (m1 or m2) of
[8,17,18]
vacA
. The combination of s and m alleles results
in different degrees of cytotoxicity and influences the
[10,11]
pathogenicity of bacteria
. The vacA s1m1 and
s1m2 strains produce large and moderate amounts
of vacuolating toxin, respectively, and are strongly
associated with gastric adenocarcinoma and peptic
[10,19]
ulcer
, while the vacA s2m2 strains are virtually not
[20]
toxic and rarely associated to disease .
This extraordinary genetic diversity is generated

ticipants with treatment failure, 25 accepted sub
jected to a second endoscopy. Prevalence of posttreatment infection was 64% (16/25) and 40% (10/25)
by histology and culture, respectively. Upon comparing
the cagA and vacA genotypes found before and after
therapy, multiple cagA genotypes (cagA -positive
and cagA -negative) were found before treatment; in
contrast, cagA -negative genotypes decreased after
treatment. vacA s1m1 genotype was highly prevalent
in patients before and after therapy. The 3’cagA
region was successfully amplified in 95.5% (21/22) of
the isolates obtained before and in 81.8% (18/22) of
the isolates obtained after treatment. In the isolates
obtained from patients with treatment failure, it was
found that 72.7% (16/22) presented alterations in the
number of EPIYA motifs, compared to isolates found
before treatment.
CONCLUSION
Unsuccessful treatment limits colonization by lowvirulence strains resulting in partial and selective
eradication in mixed infections, and acts on the cagA positive strains inducing genetic rearrangements in
cagA variable region that produces a loss or gain of
EPIYA repetitions.
Key words: Helicobacter pylori ; RAPD-PCR; Treatment
failure; EPIYA motifs; 3’ cagA variable region
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated the effect of treatment
failure on cagA and vacA genotypes in Helicobacter pylori
(H. pylori ) isolates. It was found, that unsuccessful
treatment of H. pylori limits the colonization by lowvirulence strains, resulting in partial and selective
eradication in mixed infections. Also, acts on the cagA positive strains inducing genetic rearrangements
(deletion or acquisition of EPIYA motifs) that could alter
the adherence of CagA protein to the epithelial cell
membrane, the level of tyrosine phosphorylation and
CagA multimerization, impacting its effects on cellular
signaling. Finally, in some cases, may lead to the diver
gence of H. pylori cagA -positive sub-clones.
Bustamante-Rengifo JA, Matta AJ, Pazos AJ, Bravo LE. Effect
of treatment failure on the CagA EPIYA motif in Helicobacter
pylori strains from Colombian subjects. World J Gastroenterol
2017; 23(11): 1980-1989 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i11/1980.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.1980

INTRODUCTION
Helicobacter pylori (H. pylori) colonize the gastric
[1-3]
mucosa of over 50% of the population in the world .
This bacteria is generally acquired during childhood
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through a high rate of point mutations, slipped-strand
mispairing, and frequent intra-genomic and inter[2,4,19]
genomic recombination
, it is creating a non-linear
[19]
system for diversification . Thus, H. pylori probably
uses its genetic plasticity to adapt physiologically to
changing conditions in its host through of the selection
of clonal variants of the same strain with changes
in the surface molecules or variations in factors of
interaction with the cell (e.g., loss all or part of cagPAI, change number of EPIYA repetitions of CagA
protein), contributing to maintaining of host-pathogen
equilibrium that promotes persistence.
From this point view, the eradication of H. pylori
has been proposed as a promising measure in the
prevention of gastric lesions associated with infection.
[21]
Nevertheless, an ideal treatment is not yet available ;
[22]
in practice, 20%-30% of the therapies fail . In
most cases, this failure is attributed to the acquired
[23]
resistance of strains to antibiotics . Other factors
poorly understood may also influence treatment
[24,25]
failure
. Previous studies suggest that eradication
rates are associated with the genetic characteristics of
[8]
H. pylori , thus the cagA-positive/vacA s1 genotypes
show a higher sensitivity than cagA-negative/vacA
[24,26]
s2 genotypes to eradication treatment
. These
findings are consistent with the observations of Correa
[22]
et al , who observed that unsuccessful treatment
is associated to increased prevalence of less virulent
genotypes. Therefore, for the purpose of this study,
we will shift the focus of how the H. pylori genotype
influences the outcome of eradication therapy to who
the treatment failure modifies the genotype of the
infecting strains. We evaluate here the effect of the
triple-standard therapy on cagA and vacA genotypes
in H. pylori strains from Colombian subjects with un
successful treatment.

gastritis without intestinal metaplasia (MAG), intestinal
metaplasia (IM), and dysplasia (DYS). The Steiner silver
stain allowed to evaluate the presence of H. pylori.

Treatment of H. pylori infection

The 176 patients positive for H. pylori through histology
were treated with Clarithromycin 500 mg, amoxicillin
1000 mg, and omeprazole 20 mg (Genfar laboratories,
Bogotá, Cundinamarca, Colombia) twice daily for 14
d. Resolution of the infection was evaluated through
13
a C-Urea breath test (UBT), six weeks later. Partici
pants with treatment failure were subjected to a control
endoscopy, the gastric mucosa fragments obtained
were again used for histopathological diagnosis and
culture.

H. pylori culture, DNA extraction and genotyping

H. pylori were cultured from biopsies of antrum and
body gastric obtained before (first endoscopy) and
after (second endoscopy) anti-H.pylori treatment in
patients with treatment failure. Chromosomal DNA
was extracted from lysis of pure H. pylori cultures
following a protocol of digestion with Proteinase K and
later steps of precipitation with ethanol as previously
[29]
described . The vacA and cagA status was evaluated
[30]
using the primers described by van Doorn et al .

Amplification of cagA 3’ region harboring EPIYA motifs

Primers cagA2530S and cagA3000AS previously
[13]
described by Panayotopoulou et al , allowed to
characterize the number of EPIYA repetitions present on
H. pylori isolates obtained before and after treatment,
resulting in the generation of several fragments
separated equidistantly by 100 bp. The PCR amplicons
ranged in the range of 390 bp (2 repetitions), 490 bp
(3 repetitions), 570 bp (4 repetitions), and 670 bp (5
repetitions).

MATERIALS AND METHODS

RAPD-PCR

Subjects and samples

To study the DNA sequence diversity among H. pylori
strains obtained at baseline and post-treatment,
[31]
two random primers were used: 1254 and 1281 .
The RAPD-PCR conditions employed were previously
[29]
described . Each strain was amplified by duplicate
under the same conditions.

In 2009, 206 adults were voluntarily recruited with
symptoms of dyspepsia (91 male, 115 female, mean
age of 40.5 ± 0.8 years), in Túquerres Colombia,
a population with high prevalence of H. pylori and
[3,27]
preneoplastic lesions
. The participants underwent
to upper gastrointestinal tract endoscopy. Antrum and
gastric body biopsies were obtained for histopathological
evaluation and H. pylori culture. Informed consent
was obtained from all participants, and the study
was approved by the Human Ethics Committee at
Universidad del Valle (CIREH), certificate of approval No
l073-07.

Statistical analysis

For categorical variables, the McNemar test on paired
data was used to determine the significance of the
differences in the proportions of cagA and vacA
genotypes observed before and after treatment in
patients with unsuccessful treatment. The clustering
analysis and its association with anatomic location
of the isolates, exposure to anti-H. pylori treatment,
and histopathological diagnosis were evaluated using
2
the χ test. All data were analyzed with the statistical
software (SPSS version 15). A value of P < 0.05 was
considered statistically significant.

Histopathology

Expert pathologists in gastric mucosa biopsies per
formed the histopathological diagnosis, according
[28]
Sydney’s classification system . The categories used
were non-atrophic gastritis (NAG), multifocal atrophic
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cagA and vacA genotypes found in each patient before
and after therapy, only one case was found (SV444) in
which these were identical and a specific site within the
stomach was confirmed, the remaining nine patients
presented differences. Multiple cagA (cagA-positive and
cagA-negative) genotypes were found in these nine
participants before therapy, but in four of them, just
cagA-positive genotype was found after intervention,
differences that were significant (P = 0.000). The
vacA s1m1 genotype was highly prevalent, present in
isolates of eight patients before and after treatment;
the remaining patients (SV377 and SV480) presented
a vacA s2m2 genotype prior to treatment that then
varied with administration of anti-H. pylori treatment
toward a vacA s1m1 genotype, nevertheless, these
findings were not significant (P = 0.125) (Tables
1 and 2). None of patients harbored isolates with
vacA s1m2 or s2m1 genotypes. In general, for most
subjects, virulent strains were present before and after
therapy, nevertheless, the antibiotic treatment limited
colonization by multiple strains among and within the
anatomic sites evaluated for each patient.

RESULTS
Overall results

Of the 206 patients initially recruited, 176 (85.4%)
and 149 (72.3%) participants were H. pylori-positive
by histopathology and culture, respectively. The
isolates obtained were characterized by virulence
factors and antibacterial susceptibility. Subsequently,
176 participants were treated with 14-d standard
therapy. Six weeks after, it was possible to contact
13
174 participants to conduct the [ C]-Urea breath test,
nine of these participants were excluded because they
were pregnant or had changed their home address.
With the 165 participants in which was possible to
conduct post-treatment control, it was found that 11
cases were ambiguous and 31 participants were UBTpositive. The eradication rate was 74.6% (123/165).
Of the participants with treatment failure, only 25
accepted to undergo a second endoscopy. Prevalence
post-treatment infection was at 64% (16/25) and 40%
(10/25) by histopathology and culture, respectively.
Once again, the strains obtained were characterized by
virulence markers.

Amplification of cagA 3’ variable region

Histopathology analysis

The 3’ end of cagA was successfully detected in 95.5%
(21/22) of the isolates obtained before treatment
and in 81.8% (18/22) of the isolates obtained after
treatment in the 10 patients with therapeutic failure,
which allowed corroborated the existence of cag locus
and besides predicted the number of EPIYA repetitions
(Table 1). The size of most PCR amplicons varied
between 495 to 695 bp. However, reproducible bands
with unexpected molecular weights of 200 bp were
observed (Figure 1A and Table 1). A single-band was
found in 59% (26/44) of the isolates obtained among
antrum and body samples, before and after treatment,
while 29.5% (13/44) of the isolates presented a
double-band with different molecular weight, which
confirms the presence of multiple cagA-positive strains
in these subjects. All negative isolates for EPIYA-PCR (n
= 5) were confirmed by cag empty-site, in two cases
the test positivity (SV377 antrum greater curvature
pre-treatment and SV526 antrum lesser curvature
post-treatment) did not permit to establish the cag
status by effect of multiple colonization. In the three
remaining cases the amplification was not obtained.
Finally, no statistical differences were observed when
comparing the proportions of amplification of the
EPIYA-PCR vs cagA-PCR in detecting of the locus cag in
strains obtained before and after treatment (P > 0.05).

Of sixteen subjects with treatment failure diagnosed by
histopathology, thirteen (81.3%) presented chronic NAG
and three (18.7%) presented IM. When comparing the
histopathological diagnosis of each of the 10 patients
with treatment failure in which it was possible to
isolate H. pylori, with histopathological diagnosis before
treatment, it was found that diagnosis did not coincide
in only one case (SV512) (data not shown).

Antibiotic susceptibility and treatment failure

Of the 149 isolates obtained before treatment, 136
(91.3%) isolates showed in vitro sensitivity to the two
antibiotics used in standard triple therapy, whereas 4%
and 2.7% of isolates were resistant to amoxicillin and
clarithromycin, respectively. The remaining isolates
presented double resistance (data not shown). After
of the treatment, it was observed that the isolates
obtained from the 10 patients with treatment failure,
only one of them (SV415) had previously shown isolates
resistant to clarithromycin (MIC > 4.0 mg/L), while the
remaining participants presented prior to treatment,
isolates sensitive to amoxicillin and clarithromycin
according to antibiotic susceptibility testing.

Analysis of H. pylori genotypes

The cagA and vacA status of H. pylori strains obtained
from antrum and gastric body, before and after
treatment in the 10 patients with treatment failure, are
shown in Table 1. In 90% (9/10) of the patients before
treatment, the infection with multiple H. pylori strains
within and among anatomical sites was observed. In
contrast, in only 60% (6/10) of the patients after the
treatment presented mixed colonization within and
among anatomical locations. When comparing the
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Interpretation of RAPD fingerprint

A reproducible RAPD pattern was observed using
primers 1281 and 1254. These could discriminate 44
fingerprints. With primer 1281, well-defined profiles of
one to 15 fragments of 74 to 1341 bp were observed
(Figure 1B). It was evaluated whether exposure to
anti-H. pylori treatment, anatomic location of the
isolates within the stomach, and the histopathological
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Table 1 Comparison of the cagA (EPIYA motifs) and vacA s and m genotypes found before and after anti-Helicobacter pylori
treatment in isolates from patients with treatment failure
Patient
(n = 10)
SV314
SV318

SV377

SV415
SV444
SV471
SV480
SV509
SV512
SV526

Anti-H. pylori treatment

Anatomic location
Genotype
Before
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s2m22
cagA+/vacA s2m22
cagA+/vacA s2m22
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m1
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s2m22
cagA+/vacA s2m22
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m11
cagA+/vacA s1m1
cagA+/vacA s1m11
cagA+/vacA s1m11

Antrum lesser curvature
Antrum greater curvature
Antrum lesser curvature
Antrum greater curvature
Body greater curvature
Antrum lesser curvature
Antrum greater curvature
Body greater curvature
Antrum lesser curvature
Body greater curvature
Body greater curvature
Antrum greater curvature
Body greater curvature
Antrum lesser curvature
Body greater curvature
Antrum lesser curvature
Antrum greater curvature
Antrum greater curvature
Body greater curvature
Antrum lesser curvature
Antrum greater curvature
Body greater curvature

After
cagA+/vacA s1m1
cagA+/vacA s1m1
cagA+/vacA s1m1
No change
CagA+/vacA s1m1
cagA+/vacA s1m1
cagA+/vacA s1m1
Undefined
cagA+/vacA s1m1
cagA+/vacA s1m1
No change
cagA+/vacA s1m1
cagA+/vacA s1m1
cagA+/vacA s1m11
cagA+/vacA s1/m1
cagA+/vacA s1m1
cagA+/vacA s1m1
cagA+/ vacAs1m1
No change
cagA+/vacA s1m11
cagA+/vacA s1m1
cagA+/vacA s1m1

EPIYA motifs (bp)
Before
After
495
200
495/200
200
495
595/495
200
595/495
495/200
NA
695/595/495/200
200
NA
200
200
495
495
495/200
495/200
495
595
595
495
595
495/200
595
595/495
595/200
200
595
200
NA
200
495
495
NA
495/200
595
595
NA
595/200
595
595/200
595

1

Concurrent infection with cagA-/vacA s1m1 isolate; 2Concurrent infection with cagA-/vacA s2m2 isolate. NA: Did not amplify.

and P = 0.851, respectively). In contrast, significant
differences were observed in the segregation of the
histopathological diagnosis associated to each isolate
(P = 0.006). Conglomerate I included 19/36 (52.8%)
isolates associated to chronic NAG, and conglomerate II
grouped 7/8 (87.5%) isolates associated to IM.

Table 2 Effect of the antibiotic pressure on the virulenceassociated genotypes of Helicobacter pylori isolates obtained
from 10 Colombian patients with treatment failure
Genotype
cagA
Positive
Mixed
vacA
s1m1
s2m2

Before treatment
(n = 22)

After treatment
(n = 22)

P vaule

2 (9.1)
20 (90.9)

17 (77.3)
5 (22.7)

0.000

17 (22.7)
5 (77.3)

21 (95.5)
1 (4.5)

0.125

Impact of treatment on the 3’ region of cagA

Analyzing the number of EPIYA motifs in H. pylori
isolates obtained from patients with treatment failure
with respect to isolates found before treatment in each
of them according to the anatomic location. It was
found an alteration in the number of EPIYA repeats in
72.7% (16/22) of the isolates due to the action of the
antibiotics used. In six of these (SV377 BGC, SV471
AGC, SV509 AGC, SV512 BGC, SV318 ALC and AGC)
the variation consisted in the gain of repeats, but in
the last two isolates a divergence of cagA-positive
subclones was observed. In contrast, in two isolates
(SV314 ALC and SV480 ALC) the change consisted
in the loss of EPIYA repetitions. While in SV377 ALC,
SV415 ALC, and BGC isolates, the change evidenced
after antibiotic pressure was the product of the
replacement of the initial isolate with another isolate
from a different region of the stomach of the same
patient. Only in one isolate (SV480 BGC), the change
in the number of EPIYA repetitions post-treatment was
attributed to the re-infection of this patient with new
H. pylori strain based on differences in genotyping
of isolates and RAPD profiles. In the remaining four
isolates (SV314 AGC, SV471 BGC, SV526 AGC and
BCG), one of the CagA species initially present was

result was associated to the RAPD conglomerates.
Isolates obtained before treatment in patients with
treatment failure (12/22; 54.5%) were included in
conglomerate I, while isolates obtained after treatment
(10/22; 45.5%) were included in conglomerate II (P
= 0.042). In contrast, no significant differences were
found in the segregation of the isolates by anatomic
site and histopathological diagnosis (P = 0.414 and P
= 0.339, respectively).
In the case of primer 1254, well-resolved fingerprints
were also observed, the number and size oscillated from
three to 30 and 87 to 1187 bp, respectively (Figure 1C).
The dendrogram obtained includes anatomic location of
the isolates, exposure to anti-H.pylori treatment, and
histopathological result (Figure 2). The conglomerate
analyses showed three principal conglomerates in a
parsimonious arrangement. In no conglomerate, the
distribution of the strains by anatomic site and exposure
to treatment showed significant differences (P = 0.700
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A

[32]

success rates have been obtained in clinical trials , the
effectiveness of triple-therapy has decreased over time,
achieved with its implementation eradication rates of up
to 70%, less than 80% rate expected, and below what
[33]
should be expected for an infectious disease , which
is consistent with the 74.6% eradication rate found.
This is worrisome because every failure to eradicate
the infection can result in the emerging resistance
of the microorganism to antibiotics employed, being
unknown other possible implications on the genome of
the strains. Thus, it is important to evaluate the effect
of treatment failure on cagA and vacA genes in H. pylori
isolates from Colombia.
As previously documented, the most important
factors for treatment failure are pre-existing antibiotic
[33]
[34]
resistance
and lack of compliance to treatment .
However, in this study, antimicrobial susceptibility testing
performed on isolates obtained prior to treatment
showed low rates of resistance to clarithromycin (2.7%)
[29]
and amoxicillin (4%) , besides the compliance was
strictly monitored during the treatment, without clinically
important adverse sequelae during the treatment
administration. Therefore, it seems that both factors are
unlikely explanations for the results of our study. Thus,
other factors such as increased free and prolonged use
[16]
[35]
of PPIs , genetic polymorphisms of the CYP2C19 ,
[25]
cigarette smoking, increased acidity , high bacterial
[36]
[22,24]
load , and genotype of infecting strain
could be
associated with treatment failure.
In this study, we found that 90% of the patients
with treatment failure, before treatment carried multiple
strains of H. pylori within and among the anatomic sites
evaluated; after treatment, only 60% of the patients
showed multiple colonization. One hypothesis is that
presence of multiple H. pylori strains in an individual
probably represents a stable association during the
[37]
establishment of infection in the long-time . When
comparing cagA and vacA genotypes found in each
patient, within the intragastric locations evaluated
before and after therapy, it was observed that in several
patients, virulent genotypes (cagA-positive; vacA
s1m1) predominated before and after treatment; on
the contrary, the low-virulence genotypes found before
treatment were almost undetectable after therapy.
These preliminary findings contrast with that reported
[22]
by Correa et al
who suggest that failure to remove
this bacteria can lead in some individuals to the survival
of low-virulence strains (cagA-negative; vacA s2m2)
because these strains seem to be more resistant to
treatment.
The difference between these findings can be
explained from the use in the present research of
multiple biopsies (antrum and body) by patient to
establish the genotypes, minimizing the effect of
sampling error, without overestimating multiple colo
nization. Additionally, the results obtained could be
reflecting a possible association between virulent
genotypes and antibiotic resistance, which has been
[16,37,38]
previously described in several studies
. In fact,

Before treatment
After treatment
512
526
314
377
480 415 512 442 471
CUM AMA CUM AME AME AMA M
A AME AME AMA AMA AMA N

595 bp
495 bp
200 bp

B
N

SV526
AMA
CUM
Before After Before After

SV471
AMA
M Before After

C

Figure 1 Electrophorectic analyses. A: EPIYA-PCR products from DNA
of H. pylori isolates obtained before (first endoscopy) and after (second
endoscopy) treatment in patients with treatment failure, the PCR products were
analyzed in agarose gel at 2%. Line A positive control, clinical isolate of H. pylori
(PZ5085) with EPIYA motif ABCC (570 ± 25 bp) confirmed through sequencing;
line M, 100-bp weight marker; line N, negative reaction control. The distribution
of the different molecular weights among isolates is an indication of the
presence of multiple EPIYA repetitions; B and C: RAPD patterns generated with
primer 1281 and 1254, respectively, in H. pylori isolates obtained before and
after anti-H. pylori treatment; line N: Negative reaction control; line M: 100-bp
weight marker. ALC: Antrum lesser curvature; AGC: Antrum greater curvature;
BGC: Body greater curvature; H. pylori: Helicobacter pylori.

lost, reflecting the co-infection by cagA-positive strains,
and the subsequent selection of the resistant strain
after treatment. Finally, one isolate (SV444 BGC) did
not evidence any alteration, and in the five remaining
isolates, the alteration could not be observed due
to problems of amplification with the EPIYA-PCR. In
all cases, the RAPD fingerprints generated by both
primers supported the findings.

DISCUSSION
To remove H. pylori from the gastric mucosa, standard
14-d triple-drug including PPI-clarithromycin and
amoxicillin is one of the most effective first-line therapy
[24]
and best tolerated for patients . Although high
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Figure 2 Dendogram of the random amplified polymorphic DNA profile generated with primer 1254 in Helicobacter pylori isolates obtained before (first
endoscopy) and after (second endoscopy) treatment in patients with treatment failure. Three separate conglomerates (Ⅰ, Ⅱ, and Ⅲ) are indicated. Most of the H.
pylori isolates associated to chronic non-atrophic gastritis (19/36) and intestinal metaplasia (7/8) were included in conglomerate I and II, respectively (P = 0.006). No
significant differences were noted in the segregation of isolates according to the anatomical site and exposure to treatment (P = 0.700 and P = 0.851, respectively).
Conglomerate analyses were designed following Ward’s conglomeration method and estimation of distances between each pair or group of isolates were calculated
with the squared Euclidean distance. Distances between isolates are given in a 25-point standardized scale, where the fingerprints with distances below or equal to 5
were considered related and distances greater than 5 were considered unrelated. AT: After treatment; BT: Before treatment; NAG: Non-atrophic gastritis; IM: Intestinal
metaplasia; H. pylori: Helicobacter pylori; ALC: Antrum lesser curvature; AGC: Antrum greater curvature; BGC: Body greater curvature.

the cagA-positive strains have a higher replication
[39]
rate than the equivalent cagA-negative strains ,
thus, increasing the possibility of acquiring mutations
that can be evolutionarily advantageous, supporting
the hypothesis of treatment failure in these patients
by acquisition of mutations that possibly modified
the site of the antibiotic action (secondary antibiotic
resistance). However, the presence of point mutations
associated with resistance in the H. pylori isolates was
not confirmed by sequencing, being a limitation of the
study.
Additionally, the characterization of the number of
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EPIYA repetitions present between isolates obtained
before and after treatment in patients with treatment
failure, showed that antibiotic pressure in some strains
induces genomic rearrangements inside the 3’ end
of cagA gene that generate a non-directed alteration
(gain or loss) of EPIYA repeats, agreeing with findings
[29]
reported previously in in-vitro experiment . It is
hypothesized that these genetic changes could be
directed through intergenomic and intragenomic
recombination, processes that are improved through
[13,19,40]
a second-order selection
, allowing bacteria to
confront variable and stressful environments within its
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[41]

current host .
In this case, the ability of H. pylori to edit particular
immunostimulatory genetic regions (3’ end of cagA
gene), it could lead to: (1) the synthesis of a nonphosphorylatable form of CagA by loss of all EPIYA
motifs, which compromises their ability to interact with
SHP-2, minimizing the alteration of signal transduction
pathways of the cell, supported by the bands obtained
with molecular weight not expected (200 bp); or (2)
the alteration of number of EPIYA motifs impacting
the adherence of CagA protein to the epithelial cell
[42]
membrane ; level of tyrosine phosphorylation, the
[43]
induction of IL-8 secretion , and multimerization of
[44]
CagA . Also, in some cases lead to differentiation
of cagA-positive sub-clones with distinct numbers of
EPIYA repeats (e.g., SV318 ALC and AGC, SV314 ALC),
each acting as possible source of genetic elements for
other clones.
These clonal variants cooperate by quorum sensing
and recombination to downregulate their interplay
[19]
with the individual, and thus produce less damage .
However, some tissue damage and inflammation
are unavoidable, because in these strains diverse
CagA species are secreted, altering multiple signaling
pathways and inducing various degrees of elongation
[13]
in gastric epithelial cells . This hypothesis may
[45]
partly explain the findings of Mera et al
who in
a randomized trial of 795 adults with preneoplastic
gastric lesions for 3, 6, and 12 years, observed that
patients with treatment failure at 12 years of follow-up
had a modest decrease in their histopathological score
compared with average histopathology at baseline.
In general, the RAPD profiles obtained were of
great utility because they initially supported the
close clonal association among the H. pylori strains
present in present in different gastric localizations
of the same patient; for this reason, in the clusters
analysis for both primers no differences were found
in the segregation of the strains by anatomical site.
Subsequently, the profiles generated by primer 1254
clearly defined a pathological conglomerate for IM
(P = 0.006), in agreement with the hypothesized
[46]
by Kidd et al
who suggest that clonal grouping by
RAPD patterns can be associated to disease. Likewise,
[16]
Vega et al
demonstrated the usefulness of the DNA
fingerprints to discriminate H. pylori isolates associated
with peptic ulcer, nevertheless, in the present research
this association was not evident with primer 1281.
Additionally, the DNA fingerprints generated by
primer 1254 permitted evidencing the close clonal
relationship among some isolates obtained before
and after treatment (Recrudescence), not showing
significant differences in segregation of isolates
according to the exposure to treatment, agreeing with
that expected and contrasting with the results obtained
with primer 1281. In spite of these differences, the
conglomerate analysis for primer 1281 also reflected
the close relationship of some isolates obtained before
and after treatment, although in lesser number. There
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was only one case (SV480 BGC) where the lack of
proximity within the clusters formed together with
the differences in genotyping for the basal isolate and
post-treatment suggest reinfection of the patient with
a new H. pylori strain.
Our study has some limitations. First, due to the
absence of sequencing of bacterial genes encoding 16S
rRNA and pbp-1A in isolates of patients with treatment
failure, it was no possible to detect point mutations
that explain the acquisition of secondary resistance to
clarithromycin and amoxicillin, respectively. Second,
although EPIYA PCR is a practical tool for amplify the
cagA gene, and characterize the number and type of
EPIYA motifs, in the bands with unexpected molecular
weight (200 bp), the number of motifs is unknown
because it was not sequenced. Third, the number of H.
pylori isolates obtained from subjects with unsuccess
ful treatment in this study is small, so our findings
must be confirmed in other studies, where it is also
advisable to evaluate the effect of treatment failure
on the signal and median region of the vacA gene
that can equally present genetic variation through
recombination. Future interventions may be designed
based on this research.
In conclusion, the present research shows that
although the anti-H. pylori treatment fails to eradicate
the infection in some patients, it limits colonization
by low-virulence genotypes leading to a partial and
selective elimination in mixed infections, and it acts
in some cases on cagA-positive strains inducing:
(1) mutations that make it resistant to antibiotics;
and (2) genetic rearrangements as deletion or ac
quisition of EPIYA motifs, decreasing or increasing the
phosphorylation of CagA and its binding to SHP-2,
respectively. All this leads to divergence of cagApositive strains with implications for pathogenesis
that are not yet well understood and need to be
studied. Finally, it is possible that indiscriminate use
of antibiotics to treat upper respiratory and intestinal
infections also alter the genetic structure of H. pylori
strains that coexist within the host.
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Abstract
AIM
To determine the role of intravoxel incoherent motion
(IVIM) diffusion-weighted (DW) magnetic resonance
imaging (MRI) using a bi-exponential model in
chemotherapy response evaluation in a gastric cancer
mouse model.
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METHODS
Mice bearing MKN-45 human gastric adenocarcinoma
xenografts were divided into four treated groups
(TG1, 2, 3 and 4, n = 5 in each group) which received
Fluorouracil and Calcium Folinate and a control group
(CG, n = 7). DW-MRI scans with 14 b-values (0-1500
2
s/mm ) were performed before and after treatment
on days 3, 7, 14 and 21. Fast diffusion component
(presumably pseudo-perfusion) parameters including
the fast diffusion coefficient (D*) and fraction volume
(f p), slow diffusion coefficient (D) and the conventional
apparent diffusion coefficients (ADC) were calculated
by fitting the IVIM model to the measured DW signals.
The median changes from the baseline to each posttreatment time point for each measurement (ΔADC,
ΔD* and Δf p) were calculated. The differences in
the median changes between the two groups were
compared using the mixed linear regression model by
the restricted maximum likelihood method shown as
z values. Histopathological analyses including Ki-67,
CD31, TUNEL and H&E were conducted in conjunction
with the MRI scans. The median percentage changes
were compared with the histopathological analyses
between the pre- and post-treatment for each mea
surement.

to be translated into a clinical study and may facilitate
individualized treatment strategy and prompt treatment
adjustment in gastric cancer patients.
Cheng J, Wang Y, Zhang CF, Wang H, Wu WZ, Pan F, Hong N,
Deng J. Chemotherapy response evaluation in a mouse model
of gastric cancer using intravoxel incoherent motion diffusionweighted MRI and histopathology. World J Gastroenterol 2017;
23(11): 1990-2001 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i11/1990.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.1990

INTRODUCTION
Gastric cancer is the second leading cause of cancer[1]
related death worldwide . The prognosis of patients
with advanced and unresectable gastric cancers is
very poor with a median survival rate of approximately
[2]
10 mo . Recently, fluorouracil and its derivatives,
cisplatin, irinotecan, taxane and trastuzumab, have
been recognized as first-line treatments for gastric
[2]
cancer . 5-Fluorouracil continuous infusion (5-FUci)
is accepted as a standard chemotherapy regimen
for advanced gastric cancer for its minimal toxicity
[2]
as shown in clinical trials . However, treatment
responses vary in individual patients, mainly due to
the heterogeneous and dynamic nature of tumor
progression after sequential treatments. Thus, early
detection and accurate assessment of tumor response
to treatment is essential for individualized treatment
[3]
planning .
Diffusion-weighted magnetic resonance imaging
(DW-MRI) has emerged as a noninvasive imaging
technique, which exploits tissue water mobility re
flective of the microstructural properties of tumor
tissue and detects tissue changes after treatment.
DW-MRI uses motion-probing gradients to sensitize
MRI signal loss arising from the Gaussian diffusion
distribution. Higher tissue cellularity and cell membrane
integrity of tumor malignancy are associated with
more restricted diffusion, whereas tumor cell apoptosis
and necrosis result in increased diffusivity of water
[4,5]
molecules . Tissue water mobility can be quantified
by the apparent diffusion coefficient (ADC) using the
conventional mono-exponential model to fit DW signals
2
acquired at 2-3 b-values between 0 and 1000 s/mm .
ADC primarily represents extracellular tissue diffusion
with a mixed effect of fast diffusion component ari
sing from microvascular blood flow. Previous studies
have demonstrated that ADC values increase after
chemotherapy, radiotherapy or administration of
combined targeted medicine, indicating that ADC may
serve as an imaging biomarker for the assessment of
tissue microstructural changes prior to any changes in
[6-8]
tumor size . However, ADC values after treatment
may not consistently increase because treatment may
cause cellular swelling in the early phase of apoptosis

RESULTS
Compared with the control group, D* in the treated
group decreased significantly (ΔD* treated% = -30%,
-34% and -20%, with z = -5.40, -4.18 and -1.95. P
= 0.0001, 0.0001 and 0.0244) and f p increased sig
nificantly (Δf ptreated% = 93%, 113% and 181%, with z
= 4.63, 5.52, and 2.12, P = 0.001, 0.0001 and 0.0336)
on day 3, 7 and 14, respectively. Increases in ADC in
the treated group were higher than those in the control
group on days 3 and 14 (z = 2.44 and 2.40, P = 0.0147
and P = 0.0164).
CONCLUSION
Fast diffusion measurements derived from the biexponential IVIM model may be more sensitive imaging
biomarkers than ADC to assess chemotherapy response
in gastric adenocarcinoma.
Key words: Xenografts; Intravoxel incoherent diffusionweighted magnetic resonance imaging; Chemotherapy;
Treatment response; Gastric adenocarcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In a mouse gastric cancer model, we de
monstrated that the intravoxel incoherent motion
(IVIM)-derived tissue perfusion coefficient (D*)
decreased, whereas perfusion fraction (PF) increased
immediately after chemotherapy and during the
treatment course. No considerable overlaps were
observed in D* and PF measurements between the
treated and control groups. IVIM-derived perfusion
measurements offer a potential accurate evaluation of
chemotherapeutic efficacy. This imaging study is ready
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Baseline

Day 3

Day 7

Day 14

adenocarcinoma as early as 3 d after treatment, and
to compare the imaging findings with histopathological
results of tissue cellularity and microvascular properties
at designated post-treatment time points.

Day 21

TG1
TG2
TG3
TG4
CG
MR scanning

MATERIALS AND METHODS
All sacrificed

Partial sacrificed

Animal model

All experimental procedures were approved by the
Institutional Review Board of and Institutional Ani
mal Care and Use Committee of Peking University
People’s Hospital, Beijing, China. Animals were housed
in a pathogen-free facility at a temperature of 22 ℃,
humidity of 61%, and a 12 h light–dark cycle. They
were provided with food and water in accordance
with the animal welfare guidelines established by
our institution’s Office of Laboratory Animal Welfare
(OLAW). Twenty-seven BALB/c nude female mice,
weighing 20-24 g and aged 6-8 wk, were obtained
from the Vital River Laboratories (Beijing, China). They
were acclimated to their new environment for one
week before experimentation.
All animals were randomly divided into a control
group (CG) and four treated groups (TG1-4) with five
mice in each treated group and seven in the control
group. All groups underwent MRI scans and were
sacrificed for histopathological analysis based on the
schedule shown in Figure 1. Two mice in the control
group were sacrificed at baseline after MRI scanning.
Five mice in the control group underwent MRI at each
time point (day 0, day 3, day 7, day 14, and day 21)
and were then sacrificed on day 21. All tumors were
resected from each animal post-sacrifice for serial
histopathological analyses and compared with the MRI
findings.

Figure 1 Schedule of magnetic resonance image acquisition and sacrifice
of treated and control mice. TG: Treated group; CG: Control group.

and may cause the formation of fibrosis, both of which
decrease the extracellular space and consequently
[6,8]
decrease ADC values . The complex interplay of
biophysical processes including tissue cellularity,
intracellular and extravascular/extracellular water
diffusion, and tissue perfusion contributes to variations
in post-treatment ADC values that have yet to be
[8]
clarified .
With multiple b-values at lower range, the DW
signal decay deviating from mono-exponential decay
is not non-negligible due to the pseudo-perfusion
effect at lower b-values. To more accurately evaluate
post-treatment tumor tissue changes, extravascular
diffusion and microvascular perfusion need to be
distinguished from each other using an advanced
DW-MRI method that takes into account the in
[9]
travoxel incoherent motion (IVIM) phenomenon .
The IVIM DW-MRI may distinguish between multicompartmental (e.g., diffusion vs perfusion and
intracellular vs extracellular) effects in biological
[9]
tissues . IVIM DW-MRI exploits the fact that, by
using more diffusion weightings (b-values) at lower
2
b-values (0-200 s/mm ) with smaller intervals, DW
signal decay can be used to quantify microvascular
perfusion activity, whereas signal decay at higher
2
b-values (> 200 s/mm ) can be used to quantify
tissue water molecular diffusion; therefore, IVIM DWMRI can distinguish the microvascular perfusion effect
from “pure” diffusion. Consequently, IVIM DW-MRI
allows the following to be calculated noninvasively
without contrast agent administration: the “pure”
(slow) diffusion coefficient (D), pseudo-perfusion (fast)
[9,10]
diffusion coefficient (D*), and fractional volume (fp)
.
IVIM measurements have been used to differentiate
[11-13]
between benign and malignant tumors
and eva
luate therapeutic responses to chemotherapy in
[14-17]
different tumor types
. However, the variability of
IVIM measurements in response to chemotherapy and/
or radiotherapy in these studies remains controversial.
To the best of our knowledge, no previous studies
have evaluated the therapeutic response to the
standard chemotherapy 5-FU using IVIM DW-MRI in an
animal model of gastric adenocarcinoma. The purpose
of our study was to evaluate treatment response
in tumor tissues by studying changes in diffusion
and pseudo-perfusion properties based on ADC and
IVIM measurements in a mouse model of gastric

WJG|www.wjgnet.com

Tumor model

Cells from the poorly differentiated human gastric
adenocarcinoma cell line MKN-45 were obtained
from the American Type Culture Collection (Rockville,
MD, United States). MKN-45 cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) and
supplemented with 10% fetal bovine serum and 1%
nonessential amino acids. Concentrations of 95% O2
and 5% CO2 were maintained. Cells were passaged
twice a week with a 1:2 split using 0.25% trypsin
(HyClone, Ft. Collins, CO, United States). The tumor
xenografts were developed by subcutaneously injecting
6
approximately 1 × 10 cells suspended in 100 μL
medium, into both flanks of the nude mice; therefore,
each mouse developed two tumors. Tumors grew for
3
10-15 d until they reached 100-250 mm in size prior
to treatment.

Treatment protocol

Animals in the treated groups received 5-FU injections
(40 mg/kg) (Shangdong Qilu Pharmaceutical Co., Ltd.,
China) in 0.2 mL 0.9% sodium chloride intraperitoneally
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scanning was approximately 15 min.

Table 1 Parameters of T2WI and intravoxel incoherent
motion MR scanning

Plane
TR (ms)
TE (ms)
Fat suppression
Matrix
FOV (mm2)
Thickness (mm)
Gap (mm)

T2WI

IVIM

Axial and coronal
2800
72
No
256 × 192
70 × 35
1.5
0.5

Axial
2500
42
Yes
64 × 64
70 × 35
1.5
0.5
1 (b = 0-300)
2 (b = 400-600)
4 (b = 800-1500)
0, 10, 20, 30, 50, 80, 130, 200, 300,
400, 600, 800, 1000, and 1500

NEX

4

b value (s/mm2)

NA

Post-processing

Anatomic and DW-MR images were transferred to
a workstation (SW45; GE Healthcare, Waukesha,
WI, United States). One radiologist with 5 years of
experience in MRI interpretation performed tumor
volume (VT) measurements on the axial and coronal
T2W MR images. He was blinded to the treatment
conditions and histopathological results. The threedimensional maximal diameters of each tumor were
measured. Tumor volume was calculated as 4/3π ×
(length × width × height)/2.
2
On each DW image slice with b-value = 0 s/mm ,
a region of interest (ROI) of the entire tumor was
manually drawn and automatically copied onto DW
images with other b-values. Within each ROI, the
averaged signal intensity at each b-value was calculated.
In the standard clinical protocol, conventional ADC was
calculated by the linear fitting of the logarithm of signal
2
intensities acquired at b-value = 0 and 1000 s/mm .
IVIM parameters, including the fast diffusion
coefficient (D*) and corresponding fractional volume
(Vfast), and the slow diffusion coefficient (D), and
corresponding fractional volume (Vslow), were calculated
-bD
using the bi-exponential model S(b)/S(0) = Vslow × e
-b(D+D*)
+ Vfast × e
where Vfast + Vslow approximately 1, and
S(b) and S(0) represent the signal intensities at the
corresponding b-value. The trust-region-reflective nonlinear curve-fitting algorithm (Matlab, MathWorks Inc.,
Natick, MA, United States) was used for bi-exponential
signal fitting to derive all four parameters. Prior to the
non-linear fitting, the initial estimates of D and Vslow
were derived by the linear fitting of DW signals with
2
higher b-values (> 200 s/mm ), where fast diffusion
effects can be ignored. The initial estimate of D* was
made by a linear fitting of signals with lower b-values (<
2
80 s/mm ), where the fast diffusion effect dominated
the signal decay. Finally, the fractional volume of the fast
component that is presumably considered the pseudoperfusion fractional volume (fp) was calculated as 100%
× Vfast/(Vfast + Vslow). In order to compare the fitting
behavior using the two-compartment bi-exponential
IVIM and mono-exponential signal decay model, both
methods were used to fit the signal decay with the full
range of 14 b-values in a subset of animals.

IVIM: Intravoxel incoherent motion.

once a day for 5 consecutive days starting on day 0.
No medicine was given during the last two days of the
[18]
week . In addition, calcium folinate (Jiangsu Hengrui
Medicine Co., Ltd., China) was injected (45 mg/kg)
intraperitoneally twice a day; the first injection was
given one hour before the 5-FU injection, and the
second injection was given at the same time as the 5-FU
injection. This procedure was repeated for three weeks.
Animals in the control group received intraperitoneal
injections of 0.1 mL sterile water at the same time
points as the treated animals received 5-FU injections.

Image acquisition

MR images were acquired on a 3.0 Tesla MRI scanner
(Discovery 750, GE Healthcare, Waukesha, WI,
United States). Each mouse was anesthetized with an
intraperitoneal injection of pentobarbital sodium (50
mg/kg). After anesthetization, the mouse was placed
in a test tube filled with salt alginate impression gel.
The gel had been dissolved in warm water before
use to mitigate the possibility of artifacts arising
from the tissue-air interface at each subcutaneous
xenograft tumor area and to maintain the mouse’s
body temperature. The tube containing the mouse was
then placed in a small animal birdcage coil (Magtron
Inc., Jiangyin, China) in the supine position on the
MR platform. Anatomic MR images for tumor volume
measurements were acquired with a T2-weighted
(T2W) spin-echo (SE) sequence with the parameters
listed in Table 1.
DW-MR images were acquired with a singleshot SE echo-planar imaging (DW-SE-EPI) sequence
with the parameters listed in Table 1. A spatialspectral excitation pulse was used to excite a slice of
magnetization from water protons while leaving the fat
protons unaffected to achieve fat suppression. Parallel
imaging using the array spatial-sensitivity encoding
technique (ASSET) was employed to reduce the
echo train length and thus mitigate image distortion.
The total acquisition time for anatomic and DW-MRI
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Histopathological analysis

After image acquisition, animals in the treated groups
and control group were sacrificed on day 3 (TG4), day
7 (TG3), day 14 (TG2), and day 21 (TG1 and CG). Two
entire tumors from each sacrificed animal were excised,
fixed in 10% formalin for 24 to 48 h, and immersed
in 70% ethanol. Each tumor specimen was paraffin
embedded and cut into 5-μm thick sections. Tissue
sections were stained for immunohistochemistry on the
Ventana Discovery XT Autostainer (Tucson, Arizona,
United States). Immunohistochemical analyses including
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Table 2 Median and interquartile range observed in intravoxel incoherent motion parameters, apparent diffusion coefficients and VT
values in the treated and control groups

3

VT (mm )
ADC (mm2/s)
D* (mm2/s)
fp (%)
D (mm2/s)

Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control

Day 0

Day 3

Day 7

219.96 (125.39-280.12)
157.1 (29.04-432.25)
0.57 (0.56-0.59)
0.61 (0.56-0.68)
1.99 (1.89-2.47)
2.07 (1.57-2.57)
19.15 (15.23-21.27)
22.38 (14.52-29.10)
0.39 (0.37-0.41)
0.40 (0.33-0.44)

356.88 (248.76-386.13)
281.71 (104.30-596.15)
0.62 (0.60-0.64)
0.57 (0.52-0.67)
1.4 (1.28-1.60)
2.23 (1.61-2.68)
32.90 (28.38-40.72)
22.98 (16.22-33.03)
0.34 (0.29-0.37)
0.41 (0.33-0.44)

368.33 (320.33-504.98)
476.34 (261.56-777.13)
0.62 (0.58-0.69)
0.55 (0.50-0.70)
1.58 (1.36-1.70)
1.97 (1.42-2.89)
37.19 (26.63-46.91)
22.47 (16.46-28.54)
0.33 (0.23-0.36)
0.39 (0.33-0.47)

Day 14

Day 21

559.3 (442.16-644.68)
439.7 (260.97-841.22)
938.64 (511.07-1345.82) 1515.24 (675.23-1856.48)
0.83 (0.75-0.94)
0.72 (0.64-0.86)
0.65 (0.54-0.83)
0.77 (0.59-1.11)
1.68 (1.61-1.82)
1.68 (1.36-1.92)
2.25 (1.53-2.36)
1.81 (1.59-2.00)
49.95 (42.81-55.49)
42.56 (38.02-53.59)
27.87 (24.35-47.52)
40.2 (33.40-54.69)
0.33 (0.29-0.35)
0.32 (0.23-0.38)
0.39 (0.32-0.47)
0.35 (0.32-0.44)

IVIM: Intravoxel incoherent motion; ADC: Apparent diffusion coefficients.

Ki67, TUNEL and CD31 staining were performed on
areas containing viable tumor tissues. Tumor cells,
sufficiently stained with chromogen, were considered
positive compared with the surrounding tissues. For
each type of histopathological analysis, each stained
slide was digitized with an optical magnification (× 200
or × 400) using a LEICA DFC 550 Digital Microscope
Camera (Wetzlar, Germany). One pathologist (W.G.)
with 10 years of experience defined the viable tumor
areas by avoiding significant areas of necrosis on the
slides. The microscopic images were then analyzed by
Image J (version 1.42; National Institutes of Health,
Bethesda, MD, United States) to automatically detect
the difference between the target cells with positive
staining and the background cells. The detected target
cells were manually confirmed based on the image
[19]
intensity and minimum particle size threshold . At
least three sections from each tumor were measured
and averaged.
With regard to Ki67 staining (ab15580; Abcam,
Cambridge Science Park, United Kingdom), the
proliferating cell density was calculated as the ratio
of cells stained by Ki-67 to the total number of
background cells. In TUNEL staining (Roche, Basel,
Switzerland), the apoptotic cell density was calculated
as the ratio of cells with positive TUNEL expression
to the total number of viable tumor cells. In CD31
staining (sc1506; Santa Cruz Biotechnology, Santa
Cruz, CA, United States), microvessel endothelial cells
were identified, and the microvessel density (MVD)
was calculated as the total number of vessels divided
by the viable tumor cells. In addition, each tumor
section was stained with hematoxylin and eosin (H&E,
Sigma-Aldrich; Ventana, Tucson, AZ, United States)
to delineate tumor necrosis. The necrotic fraction was
calculated as the ratio of the necrotic area to the total
tumor area on at least three sections of each tumor;
these ratios were then averaged.

due to the data skew distribution observed in the
stem-leaf plot.
Median percentage changes (ΔVT%, ΔADC%, ΔD*%
and Δfp%) between baseline and each post-treatment
scan in each tumor were calculated. Logarithm trans
formation was used to meet the precondition of the
normal distribution for mixed linear model analysis.
After logarithm transformation, ΔVT%, ΔADC%, ΔD*%
and Δfp% were compared between the control and
treated groups using the mixed linear regression model
with the restricted maximum likelihood method, and
were recorded as z values. P values less than 0.05 were
considered statistically significant. All statistical analyses
were performed using the statistical software Stata
(version 13.0; StataCorp LP, College Station, Texas,
United States).

RESULTS
Two animals from TG2 and TG3 died on day 2 after
treatment. One animal in TG1 was excluded due to
severe ulceration on day 3 after treatment. Two animals
from TG2 and TG3 were excluded due to severe image
distortion and chemical shift artifacts present in IVIM
DW images. After these exclusions, the mice were
distributed throughout the study groups as follows: 7
(CG), 4 (TG1), 3 (TG2), 3 (TG3), and 5 (TG4).

Tumor volume measurement

Tumor volumes at baseline and at each post-treatment
time point in the treated and control groups are
shown in Table 2 and Figure 2A; percentage changes
(ΔVT%) in baseline and post-treatment time points
were then calculated (Figure 3A). Differences in ΔVT%
between the treated group and the control group
were not significantly different on day 3 (ΔVTtreated%
= 103% and ΔVTcontrol% = 125%, z = -0.17, P =
0.8659) and day 7 (ΔVTtreated% = 127% and ΔVTcontrol%
= 384%, z = -1.36, P = 0.1724). However, tumor
volumes in the control group on day 14 (ΔVTcontrol%
= 890%) and day 21 (ΔVTcontrol% = 1449%) were
significantly higher than those in the treated group at
the same time points (ΔVTtreated% = 187%, z = -3.62,

Statistical analysis

The median and interquartile range of tumor volume
(VT), ADC, D, D*, and fp were calculated for baseline
and post-treatment scans. Medians were calculated
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Figure 2 Median tumor volume (A), fp (B), D* (C), apparent diffusion coefficients (D) and D values (E) of all animals in the treated groups (dashed line) and
control group (solid line). The vertical bars represent the interquartile ranges. ADC: Apparent diffusion coefficient.

P = 0.0003 and ΔVTtreated% = 156%, z = -6.30, P =
0.0001), respectively. Tumor volume changes in two
representative mice (treated and control) are shown on
T2W images (Figure 4). Tumor volume in the control
group increased significantly from day 14 to day 21,
whereas no obvious tumor volume changes were
observed in the treated group from day 3 to day 21.

of -30%, -34%, -20% and -31%, respectively. In
contrast, D* in the control group was close to baseline
with a median percentage change (ΔD*control%) of
3%, 1% and -1% on days 3, 7 and 14, which were
significantly different from ΔD*treated% at each time
point (z = -5.40, -4.18 and -1.95, P = 0.0001, 0.0001
and 0.0244). D* in the control group decreased at the
end of the experimental period on day 21 (ΔD*control%
= -9%), which was not significantly different from
that in the treated group (z = -1.95, P = 0.0513). The
median percentage increase in fp in the treated groups
(Δfptreated%) was as follows: 93% on day 3, 113%
on day 7 and 181% on day 14, and the percentage
change in fp in the control group (Δfpcontrol%) increased
less during the course of the study (13%, 9% and
58% on days 3, 7 and 14). Significant differences in
Δfp% were found between the treated and control
groups on day 3, 7 and 14 (z = 4.63, 5.52, and 2.12,
P = 0.001, 0.0001, and 0.0336), respectively. At the
end of the experimental period (day 21), the treated
and control groups showed increases in fp (Δfptreated%

Tumor IVIM measurement

IVIM measurements (D, D* and fp) and conventional
ADC values for all tumors in the treated and control
groups at each time point are shown in Table 2 and
Figure 2B-E. The median percentage changes in pretreatment baseline and each post-treatment time point
are shown in Figure 3B-D.
The IVIM derived perfusion measurements D* and
fp showed opposite trends with decreasing perfusion
related diffusion coefficients (D*) and increasing
perfusion fractions (fp) after treatment. D* in the
treated groups decreased on days 3, 7, 14, and
21 with a median percentage change (ΔD*treated%)
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Figure 3 Median percentage change from baseline in tumor volume (A), fp (B), D* (C) and ADC (D) values of all animals in the treated groups (dashed line)
and control group (solid line), P < 0.01.

Control group

Treated group

Baseline

Day 3

Day 7

Day 14

Day 21

Figure 4 Representative axial T2-weighted images of a control mouse (first row) and a treated mouse (second row) before (baseline) and after treatment (day
3, day 7, day 14 and day 21). Tumor volumes in the control mouse markedly increased on day 14 and day 21. In comparison, tumor volume in the treated mouse did
not show an obvious change after treatment.

= 179% and Δfpcontrol% = 113%), but no significant
differences were observed (z = 1.15, P = 0.2484).
The ADC value in the treated groups increased
with median percentage changes (ΔADCtreated%) of
11%, 9%, 42%, and 26% on days 3, 7, 14 and 21
after treatment, whereas the ADC in the control group
only increased slightly before day 14 (ΔADCcontrol% =
-1%, 1% and 10% on days 3, 7 and 14, respectively),
but with a marked increase of 41% on day 21. The
difference in ΔADC% between the control and treated
groups was significant on day 3 (z = 2.44, P = 0.0147)
and day 14 (z = 2.40, P = 0.0164), but not on day 7 (z
= 1.40, P = 0.1600) or day 21 (z = -0.10, P = 0.9213).
IVIMDW images and signal intensity decay with
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increasing b-values were observed in two representative
mice in the control and treated group (Figure 5). Tumor
areas were clearly delineated in the images without
obvious artifacts. Tumor areas showed brighter signals
due to more restricted tissue water diffusion compared
to the surrounding tissues. The signal-to-noise ratio
of the tumor ROI at the highest b value was beyond
the background noise; therefore, it was sufficient for
bi-exponential fitting (Figure 5B). Within each tumor
ROI, DW signal decay was fitted more adequately with
the bi-exponential model to calculate the IVIM-related
parameters compared to the mono-exponential model
(Figure 5B). Faster signal decay in the treated mouse
indicated overall increased motion of water molecules
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Figure 5 IVIMDW images and signal intensity decay with increasing b-values. A: IVIMDW images acquired at increasing b-values in a representative mouse
from the treated group and one from the control group; B: Within the tumor ROI, the averaged signal intensity decay as a function of the b-value is plotted (day 7) by
both the bi-exponential and mono-exponential model, respectively. For the treated mouse, D* = 1.27 × 10-3 mm2/s, fp = 57.3% and ADC = 0.69 × 10-3 mm2/s. For the
control mouse, D* = 2.15 × 10-3 mm2/s, fp = 17.2% and ADC = 0.55 × 10-3 mm2/s.
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Figure 6 Change in histopathological examinations. A: Proliferating cell density (Ki67 staining); B: Apoptotic cell density (TUNEL staining); C: Microvessel density
(CD31 staining); D: Necrosis fraction (HE staining), are plotted at each time point after treatment in the treated group.

and less organized tissue microstructure secondary to
treatment.

toward reduced MVD after treatment (Figure 6C).
The tumor necrotic fraction identified by H&E staining
increased markedly after treatment (Figure 6D).
In tumor tissues replaced by significant necrosis
during the treatment course, non-positive cells were
identified in histopathological analyses and are labeled
as 0 in Figure 6. Representative histopathological
images (Ki-67, TUNEL, CD31 and H&E) of the treated
animals revealed tumor tissue changes at each time
point during treatment (Figure 7). At the end of the
experimental period (day 21), extensive areas of tumor

Histopathological characteristics

The proliferating cells identified on Ki-67 staining
showed an apparent decrease at each time point in
the treated groups (Figure 6A). The apoptotic activity,
quantified as the percentage of cells positive in TUNEL
staining, demonstrated a marked increase after
treatment (Figure 6B). Vascularity of the endothelium
assessed by CD31 staining demonstrated a trend
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Baseline

Day 3

Day 7

Day 14

Day 21

Ki67

TUNEL

CD31

HE

Figure 7 Representative histopathological images of a tumor specimen with Ki-67 staining (first row), TUNEL staining (second row), CD31 staining (third
row) and hematoxylin and eosin staining (fourth row) at baseline, day 3, day 7, day 14 and day 21 after treatment in the treated group. Brown staining in the
Ki-67 images indicates cells in the proliferative state. Brown staining in the TUNEL images indicates cells undergoing apoptosis. Brown staining in the CD31 images
indicates endothelial cells. Viable tumor tissues and necrosis were identified on HE stainings. HE: Hematoxylin and eosin.
[17]

necrosis were present in both treated and control mice.

different tumor types. Lewin et al demonstrated that
fp increased two weeks after treatment of advanced
hepatocellular carcinoma with the anti-angiogenic
drug sorafenib, whereas changes in the pure diffusion
coefficient D and ADC values were not significant.
[15]
Hauser et al
evaluated the therapeutic response
to radiotherapy combined with chemotherapy and/
or targeted therapy with cetuximab in patients with
squamous cell carcinomas of the head and neck.
Significant increases in fp, D, and ADC values at 7.5 mo
after therapy were demonstrated in patients based on
standard clinical progression evaluation criteria. Ganten
[14]
et al
reported an increase in D values at week 2
and 4 after treatment with no change in fp in a rectal
cancer study. However, in the aforementioned clinical
treatment response assessment studies, a change
in D* in response to treatment was not reported. A
recent experimental study reported that D* significantly
decreased only 4 h after treatment, but recovered
to baseline at 24 h in a rabbit VX2 liver tumor model
[9]
treated with the vascular disrupting agent CKD-516 .
The variability of IVIM derived measurements in
these studies may be attributed to inconsistent IVIM
imaging protocols, the range of b-values, and multi[4,9]
compartment diffusion signal models .
In our study, we found that D* decreased sig
nificantly after treatment, which significantly correlated
with decreased MVD revealed by endothelial cell CD31
staining. In addition, increased cellular apoptosis and
necrosis in response to treatment may contribute

DISCUSSION
In the present DW-MRI study, we found significant
changes in the fast diffusion coefficient (D*) and
fractional volume (fp) as early as three days after
chemotherapy in a mouse model of gastric adeno
carcinoma based on the bi-exponential IVIM model.
We demonstrated that IVIM parameters provide critical
information in addition to conventional apparent
diffusion measurement for the assessment of treat
ment response. DW-MRI findings correlated well with
histopathological changes showing a decrease in
proliferating cells and MVD and an increase in apoptosis
and tumor necrosis in the treated group.
[8,20]
The IVIM model developed by Le Bihan
suggests that at the macroscopic level, the capillary
network is distributed in space in a pseudorandom
manner, and the overall movement of the blood’s
water molecules within capillaries (i.e., perfusion)
mimics the diffusion model. The perfusion-related fast
diffusion coefficient D* is considered proportional to
the mean capillary segment length and average blood
[20]
velocity . As reported in previous studies, D* can
be used to distinguish benign and malignant salivary
gland tumors based on the fact that angiogenesis in
malignant tumors leads to increased microscopic blood
[13]
flow . IVIM DW-MRI has also been used in previous
clinical studies to investigate therapeutic responses in
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to changes in both tissue diffusion and perfusion
properties. As a consequence, the destruction of
tumor microvasculature and decreased cellularity led
to the mixture of a fast perfusion component and a
slow diffusion component after chemotherapy, which
potentially resulted in an increased fp approaching
50% and indicated equilibrium between perfusion and
diffusion components. In contrast, D* was similar to
the baseline value, and fp showed a smaller increase in
untreated tumors in the control group.
ADC derived from conventional DW MRI has been
widely accepted for evaluating the therapeutic efficacy of
chemotherapy, radiotherapy or combined therapy with
[19,21,22]
targeted agents. Consistent with previous studies
,
our study showed that ADC values increased on day
3 after treatment, while tumor volumes in the treated
groups remained stable during the entire treatment
period, which indicated that microstructural tumor
tissue changes precede changes in tumor size. However,
the complex interplay of decreased cell proliferation,
increased apoptosis and necrosis, and the destruction of
tumor microvasculature may contribute to the variations
[4,21]
in ADC after treatment
. As shown in our study,
considerable overlap in ADC was observed between
the treated and control groups at each time point after
treatment. In comparison, no significant overlap in fp
and D* measurements were observed between the
control and treated groups, which provided a more
reliable assessment of tumor tissue changes.
At the end of the treatment cycle (day 21), all
measurements were similar between the treated
and control groups. H&E staining showed that viable
tumor tissues were mostly replaced by tumor necrosis,
which was induced by chemotherapy in the treated
groups or due to progressive growth in the control
group. In addition, CD31 staining only identified a few
endothelial cells in tumor microvasculature in both the
control and treated groups on day 21, indicating the
destruction of microvasculature.
The slow diffusion coefficient (D) is generally
considered the pure diffusion coefficient describing
[1,3,8]
extracellular and extravascular tissue water mobility
.
We observed significant decreases in D (most D values
were very close to 0) from day 7 to day 21 after treat
ment, which did not match the findings of previous
[14,15]
studies
. For this reason, we did not calculate the
percentage changes in D values at each time point
further as we did with the other IVIM parameters shown
in the results. Our explanation for this finding is that
D in the two-compartment model may not represent
real physiological changes, but may be a covariate
parameter in the process of iterative converges of the
nonlinear bi-exponential signal fitting. As discussed
above, destruction of the tumor microenvironment
after chemotherapy leads to a mixture of perfusion and
diffusion components and thus can cause a deviation
from the assumption of bi-exponential signal decay.
-bD
Therefore, the term Vslow × e may become a constant
term, meaning that D will need to decrease to a very
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small number so that the signal decay begins to follow a
mono-exponential model. In this situation, the resultant
D values may not reflect true physiological changes
when it reaches a number close to zero. In order to
measure more robust slow diffusion coefficients, we
performed linear fitting of the logarithm DW signal
2
decay with b-value = 200 and 1500 s/mm , where the
perfusion effect can be ignored. We found that the slow
diffusion coefficient derived from linear fitting of the
high b-value DW signals increased after treatment (data
not shown), similar to the ADC changes.
This study had some limitations. First, the sample
size in each treated group was relatively small. Second,
the bi-exponential IVIM-DWI model was the only model
used to characterize the complicated tissue water
mobility. There are several sophisticated diffusion
models that have been investigated for multi-b-value
signal fitting, such as the stretched exponential model,
the diffusion kurtosis model, and the fractional order
[16,17]
calculus (FROC) model
. The stretched model
yields the intravoxel diffusion heterogeneity index and
distributed diffusion coefficient. Similarly, the FROC
model describes the anomalous diffusion process and
yields a new set of parameters including the fractional
order derivative in space (β) and a spatial parameter
(μ). The value of β is mathematically equivalent to the
heterogeneity index generated by the stretched model.
We also used the FROC model to fit the diffusion
decay; however, the changes in both β and μ were
not stable and did not show differences between the
treated and control groups during the course of the
study (data not shown).
[23]
In addition, a recent study
suggested that
although these sophisticated models may provide more
information on tissue water diffusion, their biologic
interpretation requires further refinement and they
are not directly correlated with pathological characteri
stics. In contrast, our calculations based on the biexponential model were based on the theory that it
might allow separation of water molecular diffusion
from the microcirculation. Our results demonstrated
that the fast diffusion coefficient and fractional volume
provided valuable information reflective of tissue
microvasculature changes secondary to chemotherapy
and correlated well with each specific pathological
[24]
finding. Interestingly, a recent study
compared a
DW signal fitting plot using all these diffusion models,
which clearly demonstrated that the bi-exponential
model had the best fit of the signal decay with b <
2
1500 s/mm . Finally, the bi-exponential model was
considered to be the most appropriate model for this
study. Nonetheless, all of these diffusion models should
be investigated further to compare their respective
accuracies regarding tumor characterization and treat
ment response in future studies.
The present study demonstrated that the IVIMderived tissue perfusion related diffusion coefficient
and fraction parameters provided valuable information
reflective of tissue microstructural and microvasculature
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evaluation in a gastric cancer mouse model. The authors demonstrated that
in a mouse gastric cancer model the IVIM-derived tissue perfusion coefficient
(D*) decreased whereas the PF increased immediately after chemotherapy and
throughout the treatment course as well.

changes secondary to chemotherapy. The fast diffusion
coefficient (D*) decreased, whereas the fast diffusion
fractional volume (fp) increased immediately after
treatment and throughout the treatment course. ADC
increased in both the treated and control groups with
greater increases in the treated groups. No significant
overlaps were observed in D* and fp measurements
between the treated and control groups, whereas ADC
showed more overlap.
In conclusion, IVIM perfusion measurements offer
a potentially accurate evaluation of chemotherapy
efficacy and may facilitate individualized treatment
planning and prompt treatment adjustment in gastric
cancer patients.
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Antioxidant axis Nrf2-keap1-ARE in inhibition of alcoholic
liver fibrosis by IL-22
Ya-Hui Ni, Li-Juan Huo, Ting-Ting Li

Abstract

Li-Juan Huo, Ya-Hui Ni, Ting-Ting Li, Department of
Gastroenterology, First Hospital of Shanxi Medical University,
Taiyuan 030001, Shanxi Province, China

AIM
To explore the effect of interleukin (IL)-22 on in vitro
model of alcoholic liver fibrosis hepatic stellate cells
(HSCs), and whether this is related to regulation of
Nrf2-keap1-ARE.

Author contributions: Ni YH contributed to the design,
performance and analysis of the study, data interpretation, and
preparation of the paper; Huo LJ provided experimental guidance,
funding and equipment; Li TT participated in the experimental
design and discussion of findings; all authors approved the final
version of the article to be published.

METHODS
HSC-T6 cells were incubated with 25, 50, 100, 200
and 400 μmol/L acetaldehyde. After 24 and 48 h,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to detect proliferation of
HSCs to choose the best concentration and action time.
We used the optimal concentration of acetaldehyde (200
μmol/L) to stimulate HSCs for 24 h, and treated the
cells with a final concentration of 10, 20 or 50 ng/mL
IL-22. The cell proliferation rate was detected by MTT
assay. The cell cycle was analyzed by flow cytometry.
The expression of nuclear factor-related factor (Nrf)2
and α-smooth muscle antigen was detected by western
blotting and immunocytochemistry. The levels of ma
londialdehyde (MDA) and glutathione (GSH) were
measured by spectrophotometry.
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RESULTS
In the MTT assay, when HSCs were incubated with
acetaldehyde, activity and proliferation were higher
than in the control group, and were most obvious after
48 h treatment with 200 µmol/L acetaldehyde. The
number of cells in G0/G1 phases was decreased and
the number in S phase was increased in comparison
with the control group. When treated with different
concentrations of IL-22, HSC-T6 cell activity and
proliferation rate were markedly decreased in a dosedependent manner, and cell cycle progression was
arrested from G1 to S phase. Western blotting and
immunocytochemistry demonstrated that expression
of Nrf2 total protein was not significantly affected.
Expression of Nrf2 nuclear protein was low in the

Correspondence to: Li-Juan Huo, MD, Department of
Gastroenterology, First Hospital of Shanxi Medical University,
85 South JieFang Road, Taiyuan 030001, Shanxi Province,
China. mymail5296@163.com
Telephone: +86-351-4639796
Fax: +86-351-4639796
Received: November 9, 2016
Peer-review started: November 13, 2016
First decision: December 19, 2016
Revised: January 7, 2017
Accepted: February 17, 2017
Article in press: February 17, 2017
Published online: March 21, 2017

WJG|www.wjgnet.com

2002

March 21, 2017|Volume 23|Issue 11|

Ni YH et al . Inhibition of ALF
in 1994. Under normal conditions, cytoplasmic Nrf2
mostly combines with its binding protein Kelch-like
ECH-associated protein (keap1) and is in an inactive
state. Oxidative stress or stimulation of nucleophilic
substances may trigger dissociation of Nrf2 from
keap1 and release free Nrf2. Following dissociation,
Nrf2 is rapidly translocated to the nucleus and transacti
vates the antioxidant response element (ARE) in the
promoter region of many antioxidant genes, triggering
transcription of downstream target genes (e.g., GSH
and HO-1). Thus, Nrf2 is the key regulatory factor
[6,7]
in oxidative stress . A significant body of evidence
suggests that upregulation of Nrf2 or promotion of
Nrf2 nuclear translocation can delay the progression of
[8,9]
ALF . Nrf2 promises to be one of the most important
areas of research investigating the formation of ALF.
Interleukin (IL)-22 (also known as IL-10-related
T-cell-inducible factor) is a member of the IL-10
cytokine family. It is secreted by T helper (Th)1,
Th17 and Th22 cells and natural killer (NK)/NKT cells.
By binding to a heterodimeric receptor complex IL22R1/IL-10R2, IL-22 initiates the JAK/STAT3 signaling
[10]
pathway . IL-22 is one of the major inflammatory
mediators associating with organ fibrosis, especially
[10,11]
in the lungs and kidneys
. Previous animal and
clinical research has shown that IL-22 and IL-22R1
expression is significantly increased in ALF, suggesting
that IL-22 is involved in the process of ALF. This effect
could be related to the promotion of liver progenitor
cell/hepatocyte proliferation, inhibition of hepatocyte
apoptosis, upregulation of metallothionein and glu
[12-14]
tathione (GSH) expression
. However, the activity
of the antioxidant axis Nrf2-keap1-ARE in HSCs has
not been reported to date.
Therefore, in the present study we used acetal
dehyde as a stimulator of HSC-T6 cells to establish a
model of ALF in vitro. Different concentrations of IL-22
were added to the culture, and the proliferation rate
and activity of HSCs were detected, as well as nuclear
translocation of Nrf2.

control group, increased slightly in the model group (or
acetaldehyde-stimulated group), and increased more
obviously in the IL-22 intervention groups. The levels
of MDA and GSH in the model group were significantly
enhanced in comparison with those in the control
group. In cells treated with IL-22, the MDA level was
attenuated but the GSH level was further increased.
These changes were dose-dependent.
CONCLUSION
IL-22 inhibits acetaldehyde-induced HSC activation
and proliferation, which may be related to nuclear
translocation of Nrf2 and increased activity of the
antioxidant axis Nrf2-keap1-ARE.
Key words: Interleukin-22; Alcoholic liver fibrosis;
Hepatic stellate cells; Nrf2; Oxidative stress
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We successfully established an in vitro cell
model of alcoholic liver fibrosis (ALF). We investigated
the influence of interleukin (IL)-22 on ALF and the
possible mechanism involved. To our knowledge, this is
the first study to confirm the inhibitory effect of IL-22
on ALF at the cellular level. We found that the effect
was at least partly related to promotion of nuclear
translocation of nuclear factor-related factor (Nrf)2 and
increased activity of the antioxidant axis Nrf2-keap1ARE. We aimed to provide a new target for research on
ALF and new drug development.
Ni YH, Huo LJ, Li TT. Antioxidant axis Nrf2-keap1-ARE
in inhibition of alcoholic liver fibrosis by IL-22. World J
Gastroenterol 2017; 23(11): 2002-2011 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i11/2002.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i11.2002

INTRODUCTION

MATERIALS AND METHODS

Alcoholic liver fibrosis (ALF) is a wound-healing
response to prolonged alcoholic liver injury, which
is characterized by excessive extracellular matrix
accumulation. ALF is a turning point in the development
of alcoholic liver disease (ALD), so treatment of ALF
[1,2]
has become the focus of clinical research on ALD .
As well as other causes of liver fibrosis, activation and
proliferation of hepatic stellate cells (HSCs) are key
factors in fibrogenesis. Previous studies have found that
acetaldehyde, the most harmful metabolite of alcohol,
can trigger HSC activation and proliferation in alcoholic
[3,4]
liver injury via inducing oxidative stress , whereas
inhibiting oxidative stress or enhancing antioxidant
capacity can reverse the activation and proliferation of
HSCs induced by acetaldehyde.
Nuclear factor-related factor (Nrf)2 has a molecular
[5]
weight of 66 kDa and was discovered by Moi et al
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Materials

HSC-T6 cells were purchased from the cell bank of the
Central South University (Hunan, China). Acetaldehyde
(40%) was purchased from Tianjin DaMao Chemical
Reagents (Tianjin, China). Dulbecco’s modiﬁed Eagle’s
medium (DMEM) was purchased from Sijiqing (Hangzhou,
China). Fetal calf serum (10%) was purchased from
Hyclone (Logan, UT, United States). Recombinant mouse
IL-22 was purchased from R&D Systems (Minneapolis,
MN, United States). 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay kit and nuclearcytoplasmic protein extraction kit were purchased
from Boster Bioengineering Company (Wuhan, China).
malondialdehyde (MDA) and GSH kits were purchased
from Jiancheng Company (Nanjing, China). α-smooth
muscle actin (SMA) and Nrf2 polyclonal antibody were
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purchased from Abcam (Cambridge, MA, United States).
Horseradish peroxidase (HRP)-conjugated anti-rabbit
secondary antibodies were purchased from Boster
Bioengineering.

Cell culture and grouping

conﬂuent, DMEM with 10% fetal bovine serum was
replaced by serum-deprived DMEM to synchronize
the cells, and different interventional treatments
were added to the culture medium according to the
experimental group. After treatment, HSC-T6 cells
were trypsinized and resuspended in their original
culture medium. The cells were harvested, washed
and suspended in PBS twice, ﬁxed in 70% ethanol at
-20 ℃ overnight, and stained in 500 µL PBS containing
propidium iodide (PI) (200 mg/mL RNase A + 50
μg/mL PI) at 37 ℃ for 30 min in the dark. Analysis
was performed on a Cytomics FC500 flow cytometer
(Beckman Coulter Inc., Brea, CA, United States).

2

Passaged and activated HSCs were seeded into 25-cm
sealable ﬂasks and grown until the monolayers were
75%-80% conﬂuent. HSCs were cultured in DMEM
supplemented with 10% fetal bovine serum, 100
U/mL penicillin, and 100 μg/mL streptomycin at 37 ℃
in a humidified incubator with 5% CO2, until the cells
showed adherent growth.
There were five groups of cells: normal control
group; model group; and high-, medium- and lowdose IL-22 intervention groups. The normal control
group was cultured in conventional DMEM for 48 h;
for the model group, 200 μmol/L acetaldehyde was
added to the DMEM for 48 h; and the IL-22 inter
vention groups were co-incubated with 200 μmol/L
acetaldehyde and different concentrations (10, 20 or
50 ng/mL) of IL-22 for 24 h after pretreatment with
200 μmol/L acetaldehyde for 24 h.

Western blotting of expression of α -SMA and Nrf2
protein

After treatment, HSC-T6 cells were harvested by
scraping the cells from the culture dishes. Cell
lysates were prepared using nuclear and cytoplasmic
extraction kits for the detection of Nrf2 and α-SMA
proteins. Protein concentrations were determined
by the BCA Protein Assay Kit (Boster Bioengineering
Company). After separation by 10% SDS-PAGE (140
V for 55 min), the proteins (60 μg) were transferred
onto a PVDF membrane. The blots were incubated
overnight at 4 ℃ with primary antibodies diluted with
TBS solution containing 0.05% Tween 20 (TBST) after
5% nonfat milk blocking for 3 h at room temperature.
The α-SMA antibody was diluted to 1:500, Nrf2
antibody to 1:1000, and β-actin antibody to 1:6000.
On the next day, the membranes were washed with
TBST three times and probed for 1 h with HRPconjugated goat anti-rabbit IgG antibody (1:3000).
TBST washing was repeated, and the immunoreactive
band intensities were measured by grey intensity
analysis using ImageJ software, and the gray values of
β-actin protein bands were used to normalize the gray
values of each target protein. All experiments were
performed at least three times.

Proliferation of HSCs was detected by MTT assay
4

HSC-T6 cells were seeded at 5 × 10 /mL in a 96-well
plate and incubated in 100 µL culture medium
overnight. Six wells were used for each group. The
outer wells were filled with sterile PBS. When the
monolayers of HSC-T6 cells were 70%-80% conﬂuent,
DMEM with 10% fetal bovine serum was replaced by
serum-deprived DMEM to synchronize the cells. We
treated HSC-T6 cells with acetaldehyde at 25, 50, 100,
200 or 400 μmol/L for 24 or 48 h to establish an in
vitro model of ALF. After treatment with acetaldehyde,
10 μL of 5 mg/mL MTT solution was added to form
purple formazan. Subsequently, 100 μL formazan
dissolving liquid was added to dissolve the formazan
crystals. Results were measured using a microplate
reader at an absorbance of 570 nm, and the 50%
effective concentration (EC50) value was obtained from
the MTT viability growth curve. The HSC proliferation
rate was calculated as follows: (OD of treated wells/OD
of control wells) × 100%. Experiments were repeated
three times and in triplicate.
We used the same method to test the effect of IL-22
on acetaldehyde-stimulated HSC-T6 cells. The cells
were co-cultured with IL-22 at a final concentration of
10, 20 or 50 ng/mL after 24 h pretreatment with 200
μmol/L acetaldehyde. The OD was measured at 570
nm. The inhibitory rate was calculated as follows: [1
- (OD of treated wells/OD of model wells)] × 100%.
Experiments were repeated three times and in triplicate.

Protein localization of α -SMA and Nrf2 evaluated by
immunocytochemistry
4

HSC-T6 cells were seeded at 2 × 10 /mL, with 0.5
mL/well on coverslips in 24-well plates. Six wells
were used for each group. Different interventional
treatments were added to the culture medium
according to the experimental group. After treatment,
coverslips were removed, washed with PBS, fixed in 4%
polyformaldehyde, and membranes were disrupted
with 0.1% Triton-X100. Then, endogenous peroxi
dase was blocked by 3% H2O2 and target proteins
nonspecific binding by 5% goat serum (every two
steps included washing with PBS three times for 2 min
each), primary rabbit polyclonal anti-α-SMA (1:100)
and anti-Nrf2 (1:200) were applied and incubated
in a humidiﬁed chamber overnight at 4 ℃, followed
by biotinylated goat anti-rabbit secondary antibody

Flow cytometric analysis of cell cycle distribution

Logarithmic growth phase HSC-T6 cells were inoculated
in 6-well plates. When the monolayers were 70%-80%
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Table 1 Effects of acetaldehyde on hepatic stellate cells-T6 cell proliferation for 24 h and 48 h, and maximum OD value after
exposure to 200 µmol/L acetaldehyde
Concentration of
acetaldehyde (μmol/L)

24 h
OD

0
25
50
100
200
400

0.2743 ± 0.0134
0.3409 ± 0.0118a
0.3732 ± 0.0152a
0.3807 ± 0.0157a
0.5019 ± 0.0098a
0.4524 ± 0.0104a

48 h
Proliferation rate

OD

Proliferation rate

124%
136%
139%
183%
165%

0.4154 ± 0.0130
0.4983 ± 0.0258a
0.5733 ± 0.0208a
0.6181 ± 0.0351a
0.7649 ± 0.0333a
0.7069 ± 0.0265a

120%
138%
149%
184%
170%

Data are expressed as mean ± SD. aP < 0.05 vs the control group.
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Figure 1 Effects of acetaldehyde for 24 or 48 h on HSC-T6 cell proliferation.
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for 1 h at room temperature. After rinsing with PBS,
the coverslips were counterstained by hematoxylin
and dehydrated. The signal was visualized by light
microscopy and analyzed by measuring the OD of
positive staining using the Scanscope Digital Pathology
Scanning System (Aperio; Leica Biosystems, Wetzlar,
Germany).

Figure 2 Effects of interleukin-22 on HSC-T6 cells proliferation. aP < 0.05
vs the control group; cP < 0.05 vs the model group. HSCs: Hepatic stellate cells;
IL: Interleukin.

Spectrophotometry of MDA and GSH

Effects of IL-22 on HSC proliferation

Different groups

RESULTS

Logarithmic growth phase HSC-T6 cells were inoculated
in 6-well plates, and different interventional treatments
were added to the culture medium according to the
experimental group, with each group repeated in three
wells. Cell supernatants were collected and centrifuged
at 3000 × g for 10 min. Then blank pipes, standard
pipes and experiment pipes were set up according to
MDA, GSH kit instruction. The OD value was measured
at 532 and 420 nm respectively, and the content of
MDA (nmol/L) and GSH (NU/L) were calculated.

Compared with the control group, OD was significantly
increased after stimulation with the graded con
centrations of acetaldehyde. According to the growth
curve, EC50 = 100 μmol/L was obtained. At this con
centration, we found that OD reached a maximum at
48 h after exposure to 200 µmol/L acetaldehyde. Then,
we determined the concentration and incubation time
that best mimicked HSC activation seen in an in vivo
model of ALF (Table 1 and Figure 1). In the experiment
group, intervention with different concentrations of
IL-22 significantly reduced OD. There was a negative
correlation between OD and dose of IL-22 (Table 2 and
Figure 2).

Statistical analysis

SPSS version 17.0 was used for all statistical analysis
and data were expressed as mean ± SD. If the data
showed a normal distribution and homogeneity of
variance, one-way ANOVA was used to assess the
signiﬁcance of differences between the mean values.
Multiple pair-wise comparisons were conducted using
the least signiﬁcant difference (LSD). Otherwise,
Welch’s test was used to assess the signiﬁcance of
differences between the mean values. Multiple pairwise
comparisons were conducted using Dunnett’s T3 test.
The difference was statistically significant at P < 0.05.
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Cell cycle distribution of HSCs

After stimulation with acetaldehyde at the optimal
concentration and duration, HSCs were more abundant
in S phase (42.94%) and less abundant in G1 phase
(51.41%) in comparison with the control group
(40.25% and 52.01%, respectively), indicating that
HSCs were activated and proliferated. The percentage
of HSCs in S phase gradually decreased with increased
concentrations of IL-22, while the percentage in G1
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Figure 3 Effects of interleukin-22 on the cell cycle distribution of HSC-T6 cells. HSCs: Hepatic stellate cells; IL: Interleukin.

Expression of α -SMA and Nrf2 protein detected by
immunocytochemistry

phase was gradually increased in a dose-dependent
manner when compared with the model group (Figures
3 and 4).

HSC-T6 cells with α-SMA-positive expression had brown
granules in the cytoplasm, although the degree of
staining was varied. In the control group, the staining
of the cytoplasm was light brown, whereas it was
obviously deepened in the model group. Treatment with
different concentrations of IL-22 gradually reduced the
depth of brown staining in the cytoplasm in a dosedependent manner. The difference was significant
(Figure 7).
For expression of Nrf2 nuclear protein, immuno
cytochemistry showed that in the IL-22 intervention
groups, the positive rate of nuclear staining was higher
than in the model group (27.8%, 62.5% and 84.6% in
the low-, middle- and high-dose of IL-22 intervention
groups and 16.7% in the model group), whereas
there was rarely positive nuclear staining in the control

Effects of IL-22 on expression of α -SMA and Nrf2
protein

In the control group, there was basic expression of
α-SMA. In comparison, the expression of α-SMA was
significantly increased in the model group. However,
α-SMA expression was gradually reduced as IL-22
concentration increased, and the difference was
significant in comparison with the model group.
Expression of Nrf2 total protein showed no signi
ficant difference between all the groups. Compared
with the control group, expression of Nrf2 nuclear
protein was increased slightly in the model group, and
increased significantly in the IL-22 intervention groups,
in a dose-dependent manner (Figures 5 and 6).
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Table 2 Effects of interleukin-22 on the acetaldehydeinduced HSC-T6 cells proliferation
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Figure 4 Cell cycle distribution of HSC-T6 cells in different groups. HSCs:
Hepatic stellate cells.
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Figure 5 Effects of interleukin-22 on expression of α-smooth muscle
antigen and nuclear-factor-related factor 2 protein in acetaldehydeinduced HSC-T6 cells. A: Control group; B: Model group; C: 10 ng/mL IL-22
group; D: 20 ng/mL IL-22 group; E: 50 ng/mL IL-22 group. IL: Interleukin; SMA:
Smooth muscle antigen; Nrf2: Nuclear-factor-related factor 2.

G1/G0

Figure 6 Effects of interleukin-22 on the expression of target protein. aP
< 0.05 vs the control group; cP < 0.05 vs the model group. IL: Interleukin; Nrf2:
Nuclear-factor-related factor 2; α-SMA: α-smooth muscle antigen.

group (7.6%) (Figures 8 and 9).

MDA and GSH in the supernatant determined by
spectrophotometry

proliferation rate of HSCs was significantly increased. It
was most obvious when 200 μmol/L acetaldehyde was
[21-23]
added for 48 h, which agreed with previous studies
and these conditions were used for later model esta
blishment. We demonstrated by flow cytometry that
acetaldehyde markedly decreased HSCs in G0/G1
phases but increased the HSCs in S phase. Western
blotting and immunocytochemistry also showed that,
in response to acetaldehyde-induced stimulation,
expression of α-SMA was obviously increased, adding
to a growing body of evidence about the successful
establishment of an in vitro model of ALF.
Oxidative stress is one of the clearly important
mechanisms of ALF, which is characterized by accumu
lation of lipid peroxidation product MDA and depletion
[3,4]
of endogenous antioxidant GSH . A large body of
[24,25]
evidence
has demonstrated that acetaldehyde
serves as one of the most important stimulants of
ALF by triggering oxidative stress. However, reducing
oxidative stress blocks HSC activation and proliferation,
as well as prevents ALF. Our results also showed that
compared with the control group, the contents of MDA
and GSH were significantly increased in the model
group. This shows that lipid peroxidation and antioxidant
capacity are synchronously activated in the early stage

Compared with the control group, the content of MDA
and GSH was increased in the model group. When cells
were treated with different concentrations of IL-22, the
MDA level was attenuated and the content of GSH was
further elevated, both in a dose-dependent manner.
The differences were significant (Table 3, Figures 10
and 11).

DISCUSSION
ALD is a chronic liver injury caused by long-term heavy
alcohol drinking. Its pathological stages comprise
steatosis (alcoholic fatty liver), steatohepatitis (alcoholic
[15-17]
hepatitis) and liver fibrosis/cirrhosis
. ALF is regarded
as a turning point in the development and progression
[1,2]
of ALD, so timely treatment of ALF can reverse ALD .
Previous research has shown that, as the principal
metabolite of ethanol, acetaldehyde triggers activation
and proliferation of HSCs, which is the central feature of
[3,4]
ALF . α-SMA is the most important activation marker
of HSCs; it is mostly expressed in activated HSCs and
[18-20]
can be used to assess the extent of liver fibrosis
. As
our results demonstrated, after stimulation by different
concentrations of acetaldehyde for different times, the
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indicating that IL-22 dose-dependently inhibited proliferation of HSCs.
Data are expressed as mean ± SD. aP < 0.05 vs the control group; cP < 0.05
vs the model group. HSCs: Hepatic stellate cells; IL: Interleukin.
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Figure 7 Effects of interleukin-22 on expression of α-smooth muscle antigen (magnification × 400). A: Control group; B: Model group; C: 10 ng/mL IL-22
group; D: 20 ng/mL IL-22 group; E: 50 ng/mL IL-22 group. All HSC-T6 cells with α-SMA positive expression had brown granules in the cytoplasm, however, the degree
of staining varied. In the control group, the cytoplasm was stained light brown, whereas it was obviously deepened in the model group. When treated with different
concentrations of IL-22, the staining in the cytoplasm was gradually reduced in a dose-dependent manner. IL: Interleukin; SMA: Smooth muscle antigen.
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Figure 8 Effects of interleukin-22 on nuclear translocation of nuclear-factor-related factor 2. A: Control group; B: Model group; C: 10 ng/mL IL-22 group; D: 20
ng/mL IL-22 group; E: 50 ng/mL IL-22 group. Magnification: × 400. IL: Interleukin; SMA: Smooth muscle antigen.
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Table 3 Content of malondialdehyde and glutathione in the supernatant
Group

Acetaldehyde (μmol/L)

IL-22 (ng/mL)

MDA (nmol/mL)

GSH (NU/L)

0
200

0
0

1.3654 ± 0.1022
7.5073 ± 0.6126a

12.8569 ± 0.3699
24.6972 ± 0.5043a

200
200
200

10
20
50

5.1256 ± 0.3835ac
3.3195 ± 0.2963ac
2.8141 ± 0.0720ac

33.8866 ± 2.6506ac
44.5935 ± 4.1386ac
55.6834 ± 1.1671ac

Control group
Model group
IL-22 groups
Low
Medium
High

Data are expressed as mean ± SD. aP < 0.05 vs the control group; cP < 0.05 vs the model group. GSH: Glutathione; MDA: Malondialdehyde; IL: Interleukin.
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Figure 10 Content of malondialdehyde in different groups. aP < 0.05 vs
the control group; bP < 0.05 vs the model group. MDA: Malondialdehyde; IL:
Interleukin.

of ALF. As the disease progresses, the antioxidant
system is exhausted, which leads to the persistence
of oxidative stress and formation of liver fibrosis. So,
focusing on the relationship between oxidative stress
and fibrogenesis is important to ALF treatment.
Nrf2 is an important transcription factor in the
[6,7]
process of antioxidative stress response . Under
basal conditions, Nrf2 is constitutively sequestered
in the cytoplasm by its binding protein keap1, which
causes proteasomal degradation of Nrf2. However,
under conditions of oxidative stress, the ubiquitination
degradation pathway of Nrf2 is inhibited, resulting in
cytoplasmic Nrf2 deposition. Free Nrf2, dissociated
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from keap1, moves into the nucleus, combines with
ARE, and serves as a transcriptional factor to regulate
the expression of corresponding downstream genes
(e.g., GSH and HO-1). This comes with enhanced
[6,7,26]
oxidation resistance and reduced oxidative stress
.
So, the means by which to increase the expression of
Nrf2 or promote Nrf2 nuclear translocation could be an
important target for the treatment and prevention of
liver fibrosis.
IL-22 belongs to the IL-10 cytokine superfamily
and is secreted by Th1, Th17, Th22 and NK/NKT cells.
It mediates various types of biological behavior via a
heterodimeric receptor complex IL-22R1/IL-10R2 that
is exclusively expressed in epithelial cells and some
fibroblasts. Binding of IL-22 to its receptor results in
activation of signaling cascades, including JAK/STAT,
ERK and JNK. In the liver, the receptor complex is
selectively expressed in hepatocytes, liver progeni
[10,11]
[12]
tor cells and HSCs
. Ki et al
demonstrated
an antioxidant role of IL-22 in ALF, indicated by the
upregulation of antioxidant proteins metallothionein
[13]
I/II. Xing et al
established an animal model of
chronic alcoholic hepatitis using high-fat diet, carbonyl
and Fe(III) complex factors. Based on this model,
they found that IL-22 reduced liver lipid peroxidation,
restored the level of GSH, and inhibited oxidative
stress. In their later research about acute liver injury
induced by D-galactosamine/lipopolysaccharide, they
confirmed the inducing effect of IL-22 on expression
of Bcl-x, heme oxygenase-1 and redox factor-1, also
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Figure 11 Content of glutathione in different groups. aP < 0.05 vs the control
group; bP < 0.05 vs the model group. GSH: Glutathione; IL: Interleukin.

a

8

ab

ab

Groups

Figure 9 Effects of interleukin-22 on positive rate of nuclear-factor-related
factor 2 nuclear staining. IL: Interleukin.
10

60

0

/m

L
/m
ng
20

10

ng

/m

L

M

IL
-2

2

od

IL
-2

el

2

gr

ou
p
gr

ou
p
gr
ol
rtr
Co

ou
p

GSH content (NU/L)

90
80
70
60
50
40
30
20
10
0

2009

March 21, 2017|Volume 23|Issue 11|

Ni YH et al . Inhibition of ALF
of antioxidant axis Nrf2-keap1-ARE.

indicating that IL-22 has liver-protective effects of antiinflammation, anti-apoptosis and anti-oxidation. And,
based on its cell-targeted characteristic so that it would
not trigger excessive immune reactions, the clinical
[12-14,27]
toxicity was very slight
. We also showed that
IL-22 inhibited activation and proliferation of HSCs in a
dose-dependent manner; the population of cells in G0/
G1 phases was increased dramatically, while that in S
phase was decreased markedly when compared with
the number of HSCs maintained in the acetaldehyde
control group. This indicates that IL-22 provoked G1/S
phase arrest of acetaldehyde-induced HSCs. We used
western blotting and immunocytochemistry to explore
the possible mechanism. We showed that expression
of Nrf2 total protein did not differ among the groups,
whereas IL-22 treatment resulted in a dose-dependent
increase in Nrf2 nuclear protein. This indicates that
IL-22 promotes Nrf2 nuclear translocation, activates
the Nrf2-keap1-ARE signaling pathways, increases
expression of its downstream target protein GSH, and
inhibits oxidative stress and progression of ALF.
The limit to our study is that we only investigated
the inhibitory effect of IL-22 on ALF at the cellular
level, while animal experiments and clinical research
about IL-22 and ALF were not sufficiently performed.
Further investigation of the relevant mechanisms is
needed.
In summary, we established an in vitro model of
acetaldehyde-induced ALF. We further demonstrated
that IL-22 effectively inhibited activation and proliferation
of HSCs, followed by delayed disease progression of
ALF. This may partly be related to promoting Nrf2
nuclear translocation and enhancing the activity of the
antioxidant axis Nrf2-keap1-ARE. These results could
provide an experimental and theoretical basis for new
drug development for treatment of ALF.

Applications

Acetaldehyde (200 µmol/L for 48 h) mimics in vivo HSC activation and
proliferation of ALF, indicating the successful establishment of an in vitro model
of ALF. Based on the model, IL-22 dose-dependently inhibited the activation
and proliferation of HSCs and progression of ALF. This was partly related to
enhancing the activity of antioxidant axis Nrf2-keap1-ARE in HSCs. These
results could provide an experimental and theoretical target and basis for new
drug development for treatment of ALF.

Terminology

The Nrf2-keap1-ARE axis is an important internal antioxidative stress reaction
system. Under basal conditions, cytoplasmic Nrf2 mostly combines with its
binding protein keap1 and is in an inactive state. Oxidative stress may trigger
dissociation of Nrf2 from keap1 and release free Nrf2. Nrf2 rapidly translocates
into the nucleus and transactivates ARE in the promoter region of many
antioxidant genes, triggering transcription of downstream antioxidant proteins
(e.g., GSH and heme oxygenase-1).

Peer-review

This study investigated proliferation and response to acetaldehyde, a metabolite
of alcohol, as an in vitro model of ALF. The authors found that acetaldehyde
increases HSCs’ proliferation, decreases G0/G1 phases, and increases S
phase. IL-22 can return the acetaldehyde effect on the cell proliferation which
can be mediated through Nrf2-keap1-ARE.
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Background

Alcoholic liver fibrosis (ALF) is the turning point and research focus of alcoholic
liver disease. Oxidative stress-induced hepatic stellate cell (HSC) activation
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Abstract
AIM
To evaluate the predictive value of the expression
of chromosomal maintenance (CRM)1 and cyclindependent kinase (CDK)5 in gastric cancer (GC) patients
after gastrectomy.
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METHODS
A total of 240 GC patients who received standard
gastrectomy were enrolled in the study. The expression
level of CRM1 and CDK5 was detected by immuno
histochemistry. The correlations between CRM1 and
CDK5 expression and clinicopathological factors were
explored. Univariate and multivariate survival analyses
were used to identify prognostic factors for GC. Receiver
operating characteristic analysis was used to compare
the accuracy of the prediction of clinical outcome by the
parameters.
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RESULTS
The expression of CRM1 was significantly related to
size of primary tumor (P = 0.005), Borrmann type (P
= 0.006), degree of differentiation (P = 0.004), depth
of invasion (P = 0.008), lymph node metastasis (P =
0.013), TNM stage (P = 0.002) and distant metastasis
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(P = 0.015). The expression of CDK5 was significantly
related to sex (P = 0.048) and Lauren’s classification (P
= 0.011). Multivariate Cox regression analysis identified
that CRM1 and CDK5 co-expression status was an
independent prognostic factor for overall survival (OS)
of patients with GC. Integration of CRM1 and CDK5
expression could provide additional prognostic value for
OS compared with CRM1 or CDK5 expression alone (P
= 0.001).

been reported to control multiple processes during cellular
mitosis and is important in mediating nuclear export of
cargo proteins that contain specific leucine-rich nuclear
[7,8]
export signal (NES) consensus sequences . Previous
studies have demonstrated that CRM1 is important for
the functions of proteins such as epidermal growth factor
receptor, p53, p27, cyclin-dependent kinase (CDK)5
[9-13]
and Akt1
. The prognostic value of CRM1 expression
has been reported in many types of cancer including
[14]
[15]
[16]
ovarian cancer , osteosarcoma , glioma , pancreatic
[17]
[18]
cancer
and esophageal squamous cell carcinoma .
However, whether CRM1 expression contributes to the
development or progression of GC is not known.
CDK5 is a proline-directed serine/threonine ki
nase and participates in a variety of pathological and
[19,20]
physiological functions
. Increasing evidence su
ggests a role for CDK5 in cancer tumorigenesis and
[21,22]
progression
. Our previous work has demonstrated
that in GC, CDK5 downregulation is an independent
prognostic factor and the nuclear localization of CDK5
[23]
is critical for its tumor-suppressor function . Given
that CRM1 regulates CDK5 cytoplasm localization
[12]
in neurons , we hypothesized that the functional
correlation between CRM1 and CDK5 may affect the
prognostic power of each molecule. In the present
study, we examined the expression of CRM1 and
CDK5 in 240 gastric tumor tissues and analyzed their
correlation with patient clinicopathological features.

CONCLUSION
CRM1 and CDK5 co-expression was an independent
prognostic factors for GC. Combined CRM1 and CDK5
expression could provide a prognostic model for OS of
GC.
Key words: Gastric cancer; CRM1; CDK5; Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study shows that low expression of
chromosomal maintenance (CRM)1 and cyclin-de
pendent kinase (CDK)5 was associated with poor
prognosis of gastric cancer patients. The expression
of CRM1 or CDK5 influenced the prognostic value of
each other. Combined CRM1 and CDK5 expression had
better prognostic power than their individual expression
had.

MATERIALS AND METHODS

Sun YQ, Xie JW, Xie HT, Chen PC, Zhang XL, Zheng CH, Li
P, Wang JB, Lin JX, Cao LL, Huang CM, Lin Y. Expression
of CRM1 and CDK5 shows high prognostic accuracy for
gastric cancer. World J Gastroenterol 2017; 23(11): 2012-2022
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i11/2012.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i11.2012

Patients and specimens

The study cohort was composed of samples from
240 patients (178 men and 62 women, mean age:
59.5 years) with gastric adenocarcinoma, who had
undergone gastrectomy at the Department of Gastric
Surgery, Fujian Medical University Union Hospital,
between January 2009 and December 2009. Following
surgery, routine chemotherapy was given to patients
with advanced disease and no radiation treatment
was administered to any of the patients. Eligibility
criteria for patients included in this study were: (1)
histologically proven adenocarcinoma; (2) no other
gastric tumors such as gastric stromal tumor; (3) no
history of gastrectomy or other malignancy; (4) no
prior neoadjuvant chemotherapy; and (5) availability
of complete clinicopathological and survival data (Figure
1). The study was performed with the approval of the
Ethics Committee of Fujian Medical Union Hospital.
Written consent was given by the patients for their
information and specimens to be stored in the hospital
database and used for research.

INTRODUCTION
Gastric cancer (GC) is the third leading cause of
cancer-related death worldwide, although its incidence
and mortality have decreased dramatically over the
[1]
last 50 years . In 2011 there were about 420000 new
cases diagnosed (70% men and 30% women) and 300
[2-4]
000 deaths due to this disease in China . Clinically,
the prognostic classification model for outcomes of GC
patients is mainly the TNM staging system based on
[5]
the histopathological score , whereas the underlying
molecular and cellular processes during carcinoge
nesis of GC are ignored. Patients with the same TNM
stage may have wide variations in survival owing to
[6]
different genetic mutation status . Therefore, a better
understanding of the molecular pathology might provide
better prognostic biomarkers and guidance for more
precise treatment for GC patients.
The human nuclear export protein chromosomal
maintenance (CRM)1 (also known as exportin 1) has
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Clinicopathological and survival data

The clinical and pathological data were recorded
prospectively for the retrospective analysis. The
clinicopathological data for the 240 GC patients
included age, sex, size of primary tumor, location of
primary tumor, degree of differentiation, histological
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negative controls, the primary antibody diluent was
used to replace primary antibody.

Histologically proven
adenocarcinoma

Evaluation of immunostaining intensity
Not with other
gastric tumors such
as gastric stromal
tumor

n = 240

Not received
the neoadjuvant
chemotherapy

The stained tissue sections were reviewed under a
microscope by two pathologists who were blinded
to the clinical parameters, and scored independently
according to the intensity of cellular staining and the
[6]
proportion of stained tumor cells . The CRM1 and
CDK5 proteins were immunohistochemically stained
yellowish to brown in the cytoplasm and/or nuclei
of cancer cells. The expression pattern of CRM1 and
CDK5 was all or none in tumor tissues, suggesting
the score for the proportion of stained tumor cells was
unavailable. The staining intensity was scored as 0 (no
staining), 1 (weak staining, light yellow), 2 (moderate
staining, yellow brown), and 3 (strong staining, brown)
(Figure 2). The CRM1 and CDK5 protein expression
was considered low if the score was ≤ 1 and high if it
was ≥ 2.

No history of
gastrectomy or
other malignancy

Availability
of complete
clinicopathological
and survival data

Figure 1 Eligibility criteria for patient inclusion.

type, Lauren’s classification, Borrmann type, depth of
invasion, lymph node metastasis, TNM stage, vessel
invasion and distant metastasis. The pathological
stage of the tumor was reassessed according to the
2010 International Union Against Cancer on GC TNM
[5]
Classification (seventh edition) . Overall survival (OS)
was defined as the time from curative surgery to death
or the last clinical follow-up. After surgery, all patients
were followed by outpatient visits, telephone calls and
letters every 3 mo in the first 2 years, every 6 mo in
the next 3 years, and every year afterwards or until
death. The deadline for follow-up was October 2015.
All patients had follow-up records for > 5 years.

Statistical analysis

IBM SPSS version 19.0 (SPSS, Chicago, IL, United
2
States) was used for all statistical analyses. χ and
Fisher’s exact tests were used to analyze categorical
data. Univariate survival analysis was performed
using the Kaplan-Meier method, and the significance
of difference between groups was analyzed using the
log-rank test. The stepwise Cox proportional hazards
regression model was used for multivariate survival
analysis, with adjustments for variables that may have
been significant prognostic factors according to the
univariate analysis. Receiver operating characteristic
(ROC) analysis was used to compare the accuracy of
the prediction of clinical outcome by the parameters.
All P values were two-sided and statistical significance
was determined at P < 0.05.

Immunohistochemistry

Paraffin blocks that contained sufficient formalinfixed tumor specimens were serial sectioned at 4
μm and mounted on silane-coated slides for immuno
histochemistry analysis. The sections were deparaffinized
with dimethylbenzene and rehydrated through 100,
100, 95, 85, and 75% ethanol. Antigen retrieval
treatment was done in 0.01 mol/L sodium citrate
buffer (autoclaved at 121 ℃ for 2 min, pH 6.0) and
endogenous peroxidase was blocked by incubation in
3% H2O2 for 10 min at room temperature. The sections
were then washed in phosphate-buffered saline (PBS)
and blocked with 10% goat serum (ZhongShan
Biotechnology, China) for 30 min and incubated with
rabbit anti-human CRM1 (ab24189, 1:200 dilution;
Abcam, Cambridge, MA, United States) or CDK5 (sc-173,
1:150 dilution; Santa Cruz Biotechnology, Santa Cruz,
CA, United States) antibody in a humidified chamber
at 4 ℃ overnight. Following three additional washes
in PBS, the sections were incubated with horseradishperoxidase-conjugated secondary antibody for 30 min
at room temperature. The visualization signal was
developed with diaminobenzidine solution and all slides
were counterstained with 20% hematoxylin. Finally, all
slides were dehydrated and mounted on coverslips. For
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RESULTS
Expression status of CRM1 and CDK5 in GC

We examined CRM1 and CDK5 protein expression in
tumor tissues from 240 GC patients using immuno
histochemistry. The expression of CRM1 and CDK5
proteins were scored as low in 149 (62.08%) and
91 (37.92%) samples, and high in 91 (37.92%) and
149 (62.08%) samples, respectively. Based on the
combined expression of CRM1 and CDK5, we classified
the patients into three subtypes: CRM1 and CDK5 high
(n = 63), CRM1 or CDK5 low (n = 114) and CRM1 and
CDK5 low (n = 63).

Correlation between CRM1 and CDK5 expression and
clinicopathological parameters in GC patients

The correlation between expression of CRM1 and CDK5
and the clinicopathological features were analyzed
(Table 1). CRM1 expression was significantly related to
size of primary tumor (P = 0.005), Borrmann type (P
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Score 0

Score 1

Score 2

Score 3

CRM1

CDK5

Figure 2 Immunohistochemical staining of CRM1 and CDK5 expression in gastric cancer tissue and the criteria for immunohistochemistry scoring. Score 0:
no staining, Score 1: weak staining, Score 2: moderate staining, Score 3: strong staining. The protein expression was considered low if the score was ≤ 1 and high if
it was ≥ 2. Scale bar = 100 μm.

= 0.006), degree of differentiation (P = 0.004), depth
of invasion (P = 0.008), lymph node metastasis (P =
0.013), TNM stage (P = 0.002) and distant metastasis
(P = 0.015). The expression of CDK5 was significantly
related to sex (P = 0.048) and Lauren’s classification
(P = 0.011). The correlation between combined CRM1
and CDK5 expression and the clinicopathological
features was also analyzed. The combined CRM1 and
CDK5 expression was significantly related to size of
primary tumor (P = 0.026), degree of differentiation
(P = 0.007), Lauren’s classification (P = 0.019), lymph
node metastasis (P = 0.015), TNM stage (P = 0.035)
and vessel invasion (P = 0.021) (Table 2).

and 39.3% for GC patients with low expression of
CDK5, and 63.6% and 53.4% for those with high CDK5
expression. The mean survival time for GC patients
with low and high expression of CDK5 was 43.4 and
53.1 mo, respectively, suggesting a shorter OS for GC
patients with low expression of CDK5 (P < 0.05) (Figure
4B).
We evaluated the prognostic value of the combined
CRM1 and CDK5 expression. The patients with simul
taneous high expression of CRM1 and CDK5 displayed
better survival in comparison with the rest of the
patients in Kaplan-Meier analysis (Figure 4C). The
3- and 5-year cumulative survival rates were 47.6%
and 34.3% for the simultaneous low CRM1 and CDK5
expression patient group, 55.9% and 45.2% for the
CRM1 or CDK5 low expression patient group, and
73.0% and 66.7% for the simultaneous high CRM1
and CDK5 expression patient group, respectively. The
mean survival time was 41.5 mo for patients with
CRM1 and CDK5 low expression; 46.9 mo for those
with CRM1 or CDK5 low expression; and 61.1 mo for
those with CRM1 and CDK5 high expression (Table 3).
The clinicopathological parameters that were
correlated with patient survival in univariate analysis
were included in multivariate analysis. CRM1 and
CDK5 coexpression status, tumor size, tumor location,
and TNM stage were independent prognostic factors
for patients with GC, whereas vessel invasion and
Borrmann type were not (Table 4).

Prognostic value of CRM1 and CDK5 expression

To elucidate the prognostic value of CRM1 and CDK5
expression, univariate Kaplan-Meier and multivariate
Cox regression analyses were used. Univariate analysis
revealed that OS was significantly associated with
size and location of primary tumor, Borrmann type,
degree of differentiation, depth of invasion, lymph
node metastasis, TNM stage, vessel invasion, distant
metastasis, CRM1 and CDK5 expression, but not with
sex, age at surgery, histological type, and Lauren’s
classification (Table 3). The hazard ratio and 95%CI
for OS were compared among the subgroups. OS was
shorter in patients with low expression of CRM1 or
CDK5 in comparison to the corresponding patients with
high CRM1 or CDK5 expression (Figure 3).
The 3- and 5-year cumulative survival rates
were 54.1% and 39.7% for patients with low CRM1
expression, and 67.0% and 61.5% for those with high
CRM1 expression. The mean survival time for patients
with low and high expression of CRM1 was 44.6 and
56.5 mo, respectively. Clearly, GC patients with low
expression of CRM1 had a poorer prognosis than those
with high CRM1 expression (P < 0.05) (Figure 4A). The
3- and 5-year cumulative survival rates were 49.5%
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Improvement of CDK5 prognostic model with CRM1
expression

In our previous work, we demonstrated that down
regulation of CDK5 in GC was an independent prognostic
factor. To improve the prognostic accuracy of OS in GC
patients, we combined CRM1 and CDK5 expression
to generate a predictive model. ROC analysis was
applied to compare the prognostic accuracy between
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Table 1 Relationships between CRM1 and CDK5 protein expression (immunohistochemical staining) in gastric cancer tissues and
various clinicopathological variables
Variables

Total

Gender
Male
Female
Age at surgery (yr)
≤ 60
> 60
Size of primary tumor (cm)
≤5
>5
Location of primary tumor
Upper 1/3
Middle 1/3
Lower 1/3
More than 1/3
Borrmann type
Early stage
Ⅰ + Ⅱ type
Ⅲ + Ⅳ type
Degree of differentiation
Well/moderate
Poor and not
Lauren’s classification
Intestinal type
Diffuse type
Histological type
Papillary
Tubular
Mucinous
Signet-ring cell
Depth of invasion
T1
T2
T3
T4
Lymph node metastasis
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Vessel invasion
Negative
Positive
Distant metastasis
Negative
Positive

CRM1 expression

CDK5 expression

P value

Low (n = 91)

High (n = 149)

χ2

P value

0.024

0.877

61
30

117
32

3.893

0.0481

42
49

0.867

0.352

46
45

74
75

0.018

0.894

51
98

48
43

7.995

0.0051

35
56

64
85

0.470

0.493

56
59
103
22

33
39
59
18

23
20
44
4

5.290

0.152

22
21
37
11

34
38
66
11

1.718

0.633

10
89
141

4
46
99

6
43
42

10.118

0.0061

5
32
54

5
57
87

0.774

0.679

96
144

49
100

47
44

8.287

0.0041

30
61

66
83

3.021

0.082

46
294

33
116

13
78

2.254

0.176

25
66

21
128

6.527

0.0111

7
187
20
26

4
112
13
20

3
75
7
6

2.958

0.398

3
63
10
15

4
124
10
11

7.052

0.070

40
27
62
111

18
13
38
80

22
14
24
31

11.908

0.0081

15
8
21
47

25
19
41
64

2.145

0.543

63
40
43
94

29
29
26
65

34
11
17
29

10.781

0.0131

23
11
14
43

40
29
29
51

4.868

0.182

44
55
123
18

18
33
82
16

26
22
41
2

15.074

0.0021

15
19
49
8

29
36
74
10

1.058

0.787

230
10

141
8

89
2

1.423

0.233

88
3

142
7

0.278

0.598

222
18

133
16

89
2

5.940

0.0151

83
8

139
10

0.352

0.553

Low (n = 149)

High (n = 91)

178
62

110
39

68
23

120
120

78
71

99
141

χ2

1

P < 0.05, statistical significance. CRM: Chromosomal maintenance; CDK: Cyclin-dependent kinase.

combined CRM1 and CDK5 expression and CRM1 or
CDK5 expression alone. Combination of CRM1 and
CDK5 expression showed significantly higher prognostic
accuracy [area under the curve (AUC): 0.622, 95%CI:
0.551-0.694, P = 0.001] than CRM1 expression alone
(AUC: 0.585, 95%CI: 0.512-0.657, P = 0.024) or CDK5
expression alone (AUC: 0.575, 95%CI: 0.503-0.648, P
= 0.045) (Figure 5). All these results indicated that the
combined CRM1 and CDK5 expression provided better
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prognostic power for GC patient OS.

DISCUSSION
Increasing evidence has demonstrated that the
karyoplasm localization of CDK5 is important for its
multiple pathological and physiological functions,
including neuronal migration during brain development,
neuronal cell survival and tumor development and
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Table 2 Relationships between different CRM1 and CDK5 protein expression status in gastric cancer tissues and various
clinicopathological variables
Variables
Gender
Male
Female
Age at surgery(yr)
≤ 60
> 60
Size of primary tumor (cm)
≤5
>5
Location of primary tumor
Lower 1/3
Middle 1/3
Upper 1/3
More than 1/3
Borrmann type
Early stage
Ⅰ + Ⅱ type
Ⅲ + Ⅳ type
Degree of differentiation
Well/moderate
Poor and not
Lauren’s classification
Intestinal type
Diffuse type
Histological type
Papillary
Tubular
Mucinous
Signet-ring cell
Depth of invasion
T1
T2
T3
T4
Lymph node metastasis
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Vessel invasion
Negative
Positive
Distant metastasis
Negative
Positive

χ2

P value

Total

CRM1 and CDK5 High
expression

CRM1 or CDK5 Low
expression

CRM1 and CDK5 Low
expression

178
62

42
21

87
27

49
14

2.553

0.279

120
120

35
28

54
60

31
32

1.109

0.574

99
141

22
41

42
72

35
28

7.275

0.0261

56
59
103
22

18
14
22
9

19
32
52
11

19
13
29
2

10.848

0.093

10
89
141

2
20
41

5
38
71

3
31
29

6.035

0.197

96
144

18
45

43
71

35
28

10.027

0.0071

46
194

17
46

24
90

5
58

7.875

0.0191

7
187
20
26

2
44
5
12

3
87
13
11

2
56
2
3

11.127

0.850

40
27
62
111

8
4
16
35

17
13
27
57

15
10
19
19

10.996

0.088

63
40
43
94

15
9
7
32

22
22
26
44

26
9
10
18

15.845

0.0151

44
55
123
18

8
14
33
8

17
24
65
8

19
17
25
2

13.543

0.0351

230
10

62
1

105
9

63
0

7.757

0.0211

222
18

55
8

106
8

61
2

4.191

0.123

1

P < 0.05, statistical significance. CRM: Chromosomal maintenance; CDK: Cyclin-dependent kinase.

[23-27]

progression
. CDK5 has no intrinsic nuclear loca
lization signal and its nuclear localization relies on
[12]
p27 . In the absence of p27, two weak NESs on
CDK5 bind to CRM1, leading to the cytoplasmic shuttle
[12]
of CDK5 . In this study, low CDK5 expression was
associated with poorer prognosis (Figure 4B), which
was consistent with our previous discovery that CDK5
[23]
acted as a tumor suppressor in GC . However, CRM1
is usually considered as an oncogene and involved in
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the nuclear export of a number of proteins including
[28-30]
[31]
p53, p21, c-ABL and FOXOs
. Forgues et al found
that cytoplasmic sequestration of CRM1 is frequently
associated with hepatocellular carcinoma. In this work,
high CRM1 expression was associated with longer GC
patient survival (Figure 4A), suggesting that CRM1
exerts a tumor suppressive role in GC. Considering the
oncogenic role of CDK5 in many other types of cancer
[24]
[32]
such as hepatocellular carcinoma , breast cancer
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Table 3 Univariate analysis of the correlation between clinicopathological parameters and survival of patients with gastric cancer
Clinicopathological parameters
Gender
Male
Female
Age at surgery (yr)
≤ 60
> 60
Size of primary tumor (cm)
≤5
>5
Location of primary tumor
Upper 1/3
Middle 1/3
Lower 1/3
More than 1/3
Borrmann type
Early stage
Ⅰ + Ⅱ type
Ⅲ + Ⅳ type
Degree of differentiation
Well/moderate
Poor and not
Lauren’s classification
Intestinal type
Diffuse type
Histological type
Papillary
Tubular
Mucinous
Signet-ring cell
Depth of invasion
T1
T2
T3
T4
Lymph node metastasis
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Vessel invasion
Negative
Positive
Distant metastasis
Negative
Positive
CRM1 expression
Low
High
CDK5 expression
Low
High
CRM1/CDK5 expression
CRM1 and CDK5 Low
CRM1 or CDK5 Low
CRM1 and CDK5 High

Mean survival time (mo)

Log-rank test

P value

48.3
48.0

49.022
49.324

0.092

0.762

60.8
57.2

48.1
47.9

49.510
49.285

0.022

0.882

84.8
41.1

73.4
30.4

66.451
37.516

44.251

0.0001

51.8
42.4
76.5
31.8

38.7
33.9
66.7
22.7

44.354
39.508
61.597
30.500

28.888

0.0001

90.0
81.9
42.6

90.0
71.5
30.4

72.186
64.835
38.102

41.770

0.0001

70.8
49.8

60.3
39.9

57.397
44.056

8.644

0.0031

66.8
56.2

50.7
47.4

53.287
48.471

0.649

0.420

57.1
57.2
75.0
60.2

57.1
47.0
53.6
48.2

50.857
48.339
53.850
51.110

1.026

0.752

97.5
88.9
59.2
37.8

94.9
74.1
46.0
25.2

78.311
67.889
48.764
34.461

64.970

0.0001

88.9
69.5
58.1
33.0

80.8
69.5
34.9
23.3

70.120
61.079
43.674
32.911

59.862

0.0001

97.7
76.1
40.7
27.8

95.4
61.3
29.2
16.7

78.211
60.241
38.186
22.518

71.616

0.0001

60.8
20.0

49.3
20.0

50.492
23.400

8.264

0.0041

60.7
16.7

50.6
16.7

51.544
22.518

20.223

0.0001

54.1
67.0

39.7
61.5

44.590
56.540

7.707

0.0051

49.5
63.6

39.3
53.4

53.058
43.438

6.234

0.0131

47.6
55.9
73.0

34.3
45.2
66.7

41.487
46.873
61.069

13.683

0.0011

Cumulative survival rates (%)
3 yr

5 yr

66.1
56.6

1

P < 0.05, statistical significance. CRM: Chromosomal maintenance; CDK: Cyclin-dependent kinase.
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Hazard ratio for OS

Hazard ratio for OS

HR 95%CI
1.59 (0.96, 2.65)
1.34 (0.98, 1.83)

1.49 (0.81, 2.73)
1.14 (0.89, 1.47)
(0.99,
(0.80,
(0.79,
(0.56,

1.56 (1.02, 2.40)
1.22 (0.93, 1.61)

Age at surgery (yr)
≤ 60
> 60
Size of primary tumor (cm)

1.41 (0.95, 2.08)
1.41 (0.99, 2.02)

1.58
1.20
1.33
1.04

HR 95%CI

Subgroup
Gender
Male
Female

0.17 (0.06, 0.44)
1.52 (1.12, 2.07)
1.51 (0.85, 2.68)
1.23 (1.01, 1.51)

≤5

>5
Location of primary tumor

2.53)
1.80)
2.25)
1.92)

1.38
1.09
1.38
1.43

Upper 1/3
Middle 1/3
Lower 1/3
More than 1/3

(0.95,
(0.76,
(0.85,
(0.88,

2.01)
1.55)
2.25)
2.32)

0.28 (0.02, 4.66)
1.53 (0.82, 2.86)
1.16 (0.90, 1.50)

Borrmann type
Early stage
Ⅰ + Ⅱ type
Ⅲ + Ⅳ type

1.00 (0.08, 11.93)
1.91 (1.06, 3.43)
1.19 (0.98, 1.46)

1.21 (0.77, 1.90)
1.42 (1.02, 2.00)

Degree of differentiation
Well/moderate
Poor and not

1.44 (0.93, 2.22)
1.22 (0.94, 1.57)

0.90 (0.49, 1.66)
1.55 (1.16, 2.07)

Lauren’s classification
Intestinal type
Diffuse type

1.31 (0.71, 2.39)
1.36 (1.07, 1.73)

2.40
1.55
0.43
1.35

(0.66,
(1.15,
(0.17,
(0.39,

8.79)
2.08)
1.10)
4.62)

Histological type
Papillary
Tubular
Mucinous
Signet-ring cell

2.67
1.34
1.25
1.32

(0.41,
(1.06,
(0.47,
(0.61,

17.42)
1.71)
3.33)
2.85)

0.17
3.23
0.74
1.04

(0.01,
(0.79,
(0.41,
(0.82,

3.14)
13.25)
1.31)
1.33)

Depth of invasion
T1
T2
T3
T4

3.33
1.43
1.56
1.10

(0.33,
(0.44,
(1.05,
(0.90,

33.70)
4.59)
2.32)
1.35)

1.32
4.17
1.53
1.03

(0.58,
(0.61,
(0.94,
(0.81,

2.97)
28.63)
2.48)
1.32)

Lymph node metastasis
N0
N1
N2
N3

1.55
0.88
1.38
1.15

(0.69,
(0.29,
(0.97,
(0.93,

3.45)
2.66)
1.97)
1.43)

1.43 (1.09, 1.88)
0.87 (0.45, 1.66)

Vessel invasion
Negative
Positive

1.37 (1.09, 1.73)
1.78 (0.33, 1.83)

1.34 (1.02, 1.76)
1.75 (0.43, 7.08)

Distant metastasis
Negative
Positive

1.34 (1.05, 1.71)
1.09 (0.73, 1.64)

0.1

0.2

0.5

1

CRM1 high expression

   2

5

   10

0.1

CRM1 low expression

0.2

0.5

1

CRM1 high expression

2

5

10

CRM1 low expression

Figure 3 Forest plot showing hazard ratios (oblongs) and 95%CI (bars) for overall survival of subgroups from the 240 gastric cancer patients with different
CRM1 (left) and CDK5 (right) expression status. HR: Hazard ratio; OS: Overall survival; CRM: Chromosomal maintenance; CDK: Cyclin-dependent kinase.

Table 4 Multivariate analysis of the correlation between clinicopathological parameters and survival time of patients with gastric cancer
Covariates

Coefficient

Standard error

HR

95% CI for HR

P value

0.451
0.723
NA
1.086

0.202
0.232
NA
0.243

1.570
2.060
NA
1.961

1.057-2.333
1.309-3.243
NA
1.839-4.768

0.0261
0.0021
NA
0.0001

0.568
0.769
NA

0.254
0.269
NA

1.765
2.158
NA

1.074-2.903
1.274-3.657
NA

0.0251
0.0041
NA

Tumor location (cardia vs others)
Tumor size (≥ 5 vs < 5 cm)
Vessel invasion (positive vs negative)
TNM stage (stage Ⅲ and Ⅳ vs Ⅰ and Ⅱ)
CDK5 and CRM1 expression
(low/high vs high/high)
(low/low vs high/high)
Borrmann type (type early, Ⅰ, Ⅱ vs Ⅲ, Ⅳ)
1

P < 0.05, statistical significance. NA: Not available.
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A

B

1.0

1.0

P = 0.013

0.8
0.6

n = 91

0.4

n = 149
CRM1 high expression
CRM1 low expression
Censored

0.2

Overall survival rate

Overall survival rate

P = 0.005

0.0

0.8
0.6

n = 149
0.4
0.2
0.0

0

20

40

   60

80

   100

0

Time after surgery (mo)

C

n = 91
CDK5 high expression
CDK5 low expression
Censored
20

40

   60

80

100

Time after surgery (mo)

1.0

Overall survival rate

P = 0.001
0.8

n = 63

0.6

n = 114
n = 63

0.4

CRM1 and CDK5 high expression
CRM1 or CDK5 low expression
CRM1 and CDK5 low expression
Censored

0.2
0.0
0

20

40

   60

80

   100

Time after surgery (mo)

Figure 4 Kaplan-Meier analysis of the correlation between expression of CRM1 (A), CDK5 (B) and combined CRM1 and CDK5 expression (C) and the
overall survival of gastric cancer patients. CRM: Chromosomal maintenance; CDK: Cyclin-dependent kinase.
1.0

other CDK5-binding partners such as CDK5RAP3 may
also affect the functions of CDK5 and CRM1 among
different cancer types.
The fact that either CDK5 or CRM1 expression
could influence the prognostic power of the other
(Figure 4C) seemed to support this hypothesis. Further
analysis with ROC revealed that combination of CRM1
and CDK5 expression showed significantly higher
prognostic accuracy than CRM1 or CDK5 expression
alone (P = 0.001) (Figure 5), indicating that combined
CRM1 and CDK5 expression show more prognostic
power for OS of patients with GC. Taken together, our
present study suggested that CRM1 and CDK5 should
receive considerable attention as effective markers
for predicting therapeutic outcomes, but the profound
molecular roles of CRM1 and CDK5 in GC remain far
from being fully elucidated and need further research.
In addition, we found that low CRM1 expression
was associated with lymph node metastasis in GC
(Table 1). This suggested that the identification of
CRM1 expression in preoperative mucosal biopsies
from GC patients may indicate the necessity for a
more aggressive lymphadenectomy, although further
studies in a larger cohort of patients are needed.
In conclusion, our results suggested that combined
CRM1 and CDK5 expression was an independent
prognostic factor for OS and showed more prognostic
power in GC patients. Considering the inferior prognosis
of the CRM1 and/or CDK5 low patients, more frequent

Sensitivity

0.8
0.6
0.4
CDK5
CRM1
CDK5 + CRM1

0.2
0.0
0.0

0.2

0.4

0.6

0.8

1.0

Specificity
CDK5
CRM1
CDK5 + CRM1

AUC
0.575
0.585
0.622

95%CI
0.503-0.648
0.512-0.657
0.551-0.694

P
0.045
0.024
0.001

Figure 5 Receiver operating characteristic analysis of the sensitivity
and specificity of the predictive value of the combined CRM1 and CDK5
expression model, CRM1 expression model and CDK5 expression model.
CRM: Chromosomal maintenance; CDK: Cyclin-dependent kinase.
[25]

and neuroendocrine thyroid cancer , it is possible
that the shift of CDK5 function in GC affects the
function of CRM1. In addition, we recently found that
CDK5RAP3, a binding protein of the CDK5 activator
p35, negatively regulates the β-catenin signaling
pathway by repressing glycogen synthase kinase3β phosphorylation and acts as a tumor suppressor
[33]
in GC . The differential expression or activities of
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follow-up is probably needed for these patients after
surgery.

9
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AIM
To investigate management of patients who develop
ipilimumab-mediated enterocolitis, including association
of endoscopic findings with steroid-refractory symptoms
and utility of infliximab as second-line therapy.
METHODS
We retrospectively reviewed all patients at our center
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with metastatic melanoma who were treated with
ipilimumab between March 2011 and May 2014. All
patients received a standard regimen of intravenous
ipilimumab 3 mg/kg every 3 wk for four doses or
until therapy was stopped due to toxicity or disease
progression. Basic demographic and clinical data were
collected on all patients. For patients who developed
grade 2 or worse diarrhea (increase of 4 bowel
movements per day), additional data were collected
regarding details of gastrointestinal symptoms,
endoscopic findings and treatment course. Descriptive
statistics were used.

INTRODUCTION
TM

Ipilimumab (Yervoy , Bristol-Myers Squibb, Princeton,
NJ, United States) is a first-in-class monoclonal
antibody that blocks the immune regulatory molecule
cytotoxic T-lymphocyte antigen-4 (CTLA-4), resulting
in T-cell activation. It was approved by the United
States Food and Drug Administration (FDA) in 2011
after two phase 3 studies demonstrated a survival
[1-5]
benefit in patients with advanced melanoma
. It
is now being tested in clinical trials in patients with a
variety of tumor types.
Ipilimumab administration is associated with nume
rous immune-related adverse effects (irAE) including
enterocolitis, hepatitis, hypophysitis, dermatitis, as well
[1,4,6]
as several others
. Enterocolitis is among the most
common toxicities, manifesting as diarrhea, abdominal
pain, nausea or hematochezia. The overall incidence of
any diarrhea (grade 1 or higher) has been reported as
[1,3-5,7]
31%-43% in various studies
.
Immune-mediated diarrhea is typically treated
based on severity. Anti-diarrheal medications such
as loperamide are often used for patients with mild
symptoms. Corticosteroids are generally administered
in cases of moderate to severe diarrhea. In some
steroid-refractory cases, the tumor necrosis factor
alpha inhibitor infliximab has demonstrated efficacy
[8-10]
in alleviating symptoms
. As more patients receive
ipilimumab and similar immune therapies (such as antiPD-1 therapies), gastroenterologists are increasingly
being asked to assist in the management of patients
immune-mediated enterocolitis. Questions remain
regarding the role of endoscopy, and the optimal timing
of infliximab administration.
To better understand the clinical features and treat
ment approaches to ipilimumab-mediated enterocolitis,
we examined our single-center experience with postFDA approval ipilimumab therapy in a large cohort of
patients with metastatic melanoma.

RESULTS
A total of 114 patients were treated with ipilimumab
during the study period and all were included. Sixteen
patients (14%) developed ≥ grade 2 diarrhea. All
patients were treated with high-dose corticosteroids
(1-2 mg/kg prednisone daily or equivalent). Nine of
16 patients (56%) had ongoing diarrhea despite highdose steroids. Steroid-refractory patients received
one dose of intravenous infliximab at 5 mg/kg, and
all but one had brisk resolution of diarrhea. Fourteen
of the patients underwent either colonoscopy or
sigmoidoscopy with variable endoscopic findings,
ranging from mild erythema to colonic ulcers. Among
8 patients with ulcers demonstrated by sigmoidoscopy
or colonoscopy, 7 patients (88%) developed steroidrefractory symptoms requiring infliximab. With a median
follow-up of 264 d, no major adverse events associated
with prednisone or infliximab were reported.
CONCLUSION
In patients with ipilimumab-mediated enterocolitis, the
presence of colonic ulcers on endoscopy was associated
with a steroid-refractory course.
Key words: Ipilimumab; Melanoma; Enterocolitis;
Colitis; Infliximab; Corticosteroid; Colonic ulcer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Immune-mediated enterocolitis is a common
toxicity of ipilimumab therapy for melanoma. Infliximab
is often needed as a second line therapy in steroid
refractory cases. Our findings suggest that colonic
ulcers seen on lower gastrointestinal endoscopy may
predict a steroid refractory disease course. This would
support a role for endoscopy in select cases, and
suggest that early initiation of infliximab therapy may
be appropriate in patients with colonic ulceration.
These results require further exploration in larger
patient cohorts.

MATERIALS AND METHODS
We conducted a retrospective study of all patients
treated with ipilimumab for advanced melanoma from
March 2011 to May 2014 at our institution. All patients
were treated with a standard regimen of 3 mg/kg of
intravenous ipilimumab administered every 3 wk for
4 total doses or until development of drug toxicity,
disease progression or death. Diarrhea was graded
based on the National Cancer Institute’s (NCI’s) Common
Terminology Criteria for Adverse Events (CTCAE),
version 4.0: (1) Grade 1 - increase of < 4 stools per
day over baseline; (2) Grade 2 - increase of 4-6 stools
per day; (3) Grade 3 - increase of > 6 stools per day,
or incontinence or hospitalization; (4) Grade 4 - lifethreatening consequences; and (5) Grade 5 - death.
Using the electronic medical record, demographic
and clinical data were collected on all patients, including
age, sex, peripheral white blood cell count, lymphocyte
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Table 1 Baseline characteristics of patients
Ipilimumab induced enterocolitis

Ipilimumab without enterocolitis

16
63
8 (50)

98
61
28 (29)

6720 (3510-17100)

7530 (1080-25800)

1570 (592-4610)

1440 (97-4420)

4350 (2040-11610)

5200 (668-23500)

Demographics
Total number of patients
Mean age in years
Female sex, n (%)
Laboratory characteristics prior to ipilimumab
Mean white blood cell count, cells/cu. mm (range)
Reference range 4500-11000 cells/cu. mm
Mean lymphocyte count, cells per cu. mm (range)
Reference range 1150-4800 cells/cu. mm
Mean neutrophil count, cells per cu. mm (range)
Reference range 1800-7000 cells/cu. mm

movements per day) or worse diarrhea and those
who did not (Table 1). A total of 16 patients (14%)
developed grade 2 or worse diarrhea.
Out of 114 total patients, baseline CBC and di
fferential data were missing for 2 patients. One
patient moved to another city only 21 d after starting
ipilimumab therapy and no additional follow-up data
were available regarding her condition. All other data
were available for analysis.

Table 2 Clinical features and treatment of 16 patients with
ipilimumab-mediated enterocolitis n (%)
Onset of diarrhea
After 1 dose of ipilimumab
After 2 doses of ipilimumab
After 3 doses of ipilimumab
After 4 doses of ipilimumab
Diarrhea details
Number of bowel movements/day, median (range)
Grade 2 diarrhea
Grade 3 diarrhea
Grade 4/5 diarrhea
Associated symptoms
Abdominal pain
Nausea or vomiting
Fever
Anorexia
Endoscopic findings
Mucosal erythema, edema, or erosions only
Ulcers
Treatment of diarrhea
High dose corticosteroids
Infliximab

3 (19)
7 (43)
3 (19)
3 (19)
6 (5-12)
9 (56)
7 (44)
0

Clinical features

Sixteen patients developed ipilimumab-mediated
enterocolitis. Clinical features and treatment outcomes
are shown in table 2. Onset of diarrhea occurred after
a median of 2 doses of ipilimumab and after a median
of 33 d from the first dose of ipilimumab (range 5-94 d).
Patients had a median of 6 bowel movements per day
with stool being described as watery and non-bloody
in most patients; one patient reported trace amounts
of blood in the stool initially. Most patients (63%)
reported abdominal pain with a cramping character,
while a minority of patients had fever, anorexia, or
nausea.

10 (63)
3 (19)
2 (13)
2 (13)
6 (43)
8 (57)
16 (100)
9 (56)

count, neutrophil count, platelet count, information
on melanoma treatment response, and mortality.
Charts for all patients were reviewed to determine
which patients developed grade 2 or worse diarrhea.
For patients who developed at least grade 2 diarrhea,
additional data were collected, including details of
diarrhea, other gastrointestinal symptoms, endoscopy
results, pathology results, therapy for diarrhea, and
response to therapy. Descriptive statistics were used to
evaluate the data. Missing data variables were omitted
from the analysis (pairwise deletion).
The study was approved by the Institutional Review
Board of the Johns Hopkins University.

Workup and endoscopic findings

Standard medical workup included polymerase chain
reaction stool test for Clostridium difficile toxin and
stool culture for routine enteric pathogens (including
Salmonella, Campylobacter, Shigella, and Escherichia
coli), which were negative in all patients. Testing for
celiac disease was not routinely performed. All but two
patients underwent endoscopic evaluation with either
flexible sigmoidoscopy (4 patients) or full colonoscopy
(10 patients). Endoscopic appearance was variable:
some patients had only mild edema and erythema of
the mucosa (6 patients), while others had ulcers in the
colon (8 patients). All 10 patients who underwent a full
colonoscopy had at least patches of abnormal mucosa
in the right and left colon. Histologic analysis revealed
crypt apoptosis, crypt abscesses, and/or cryptitis in 12
of 14 patients (86%).

RESULTS
Patient characteristics

A total of 114 patients were treated with ipilimumab
for metastatic melanoma during the study period;
all were included in the study. Baseline demographic
and laboratory characteristics were similar between
patients who developed grade 2 (increase of 4 bowel

WJG|www.wjgnet.com

Treatment of enterocolitis

Patients with grade 2 diarrhea were treated with high-
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A

B

C

D

Figure 1 Sample endoscopic images from patients with ipilimumab-mediated enterocolitis. A: A large, punched-out ulcer in the center of the image; B: A linear
colonic ulcer; C: A segment of mild, diffuse colitis with punctate areas of erythema and colitis; D: Patchy, mild erythema. Patients from A and B had a steroid refractory
course and required infliximab, while patients from C and D had steroid responsive symptoms.

A case of Ipilimumab-mediated enteritis

dose corticosteroids (1-2 mg/kg prednisone per day
or equivalent). Most patients were also treated with
loperamide at the onset of symptoms. Ipilimumab
therapy was suspended at the onset of grade ≥ 2
diarrhea.
In 7 patients (44%), gastrointestinal symptoms
resolved after administration of high-dose corticos
teroids. Nine patients (56%) experienced ongoing
diarrhea despite steroids and were treated with a
single dose of 5 mg/kg of intravenous infliximab.
Eight patients (89%) reported improvement of
gastrointestinal symptoms within 1-2 wk of infliximab
therapy. One patient had ongoing diarrheal symptoms
after one dose of infliximab. Prednisone was weaned
off, but he continued to have symptoms. He was
treated with a second dose of infliximab 9 wk after the
first dose with improvement in diarrhea.
Seven of 8 patients (88%) who had mucosal
ulceration on sigmoidoscopy or colonoscopy developed
steroid refractory diarrhea requiring infliximab,
whereas only 2 of 6 patients without colonic ulcerations
required infliximab (positive likelihood ratio = 3.89,
95%CI: 0.65-23.2; negative likelihood ratio = 0.28,
95%CI: 0.08-1.02). Also of note, the one patient who
required 2 doses of infliximab had multiple long ulcers
(approximately 1 centimeter ulcers) on colonoscopy.
See figure 1 for summary of endoscopic findings and
treatment outcomes. Grade of diarrhea did not appear
to correlate with steroid refractory symptoms.

WJG|www.wjgnet.com

One patient developed severe diarrhea with 12 bowel
movements per day only 8 d after her first dose
of ipilimumab. She presented to the hospital with
diarrhea and fevers 4 d after the onset of symptoms. A
CT scan of the abdomen and pelvis revealed moderate
diffuse thickening of the small bowel, which was
not present on an abdominal CT scan 1 wk prior to
receiving ipilimumab. Sigmoidoscopy performed the
following day showed normal colonic mucosa and no
evidence of colitis on histology. She was diagnosed
with ipilimumab-mediated enteritis but did not improve
with prednisone 80mg daily. After 2.5 wk of prednisone
therapy, she was given a dose of infliximab with reso
lution of her diarrhea within 7 d.

Completion of ipilimumab course

Three patients had already received all four doses of
ipilimumab prior to developing enterocolitis. Four other
patients were ultimately able to resume ipilimumab
and complete the full 4 doses of therapy (2 patients
who only received steroids, and 2 patients who received
steroids and infliximab). Hence a total of 7 of 16 (44%)
patients ultimately completed all 4 doses of ipilimumab
therapy.

Follow-up and adverse effects

Follow-up was available on patients for a median of 264
d (range 17-1055) from the date of first ipilimumab

2026

March 21, 2017|Volume 23|Issue 11|

Jain A et al . Colon ulcers in ipilimumab enterocolitis
infusion to last oncology follow-up or death. One patient
suffered labile mood while on high-dose prednisone and
another patient reported hyperglycemia and vaginal
candidiasis while on high-dose prednisone. No other
adverse events, including other infections or bowel
perforation, were reported through the follow-up period.

patients had steroid-refractory symptoms requiring
infliximab rescue therapy.
Of those, 8 patients experienced symptom im
provement after a single dose of infliximab. One
patient experienced lingering symptoms requiring
a second dose of infliximab. This is consistent with
previously published series, which have reported
efficacy rates of infliximab in treating steroid-refractory
[8-10]
ipilimumab-induced diarrhea between 72%-100%
.
Administration of steroids and infliximab does not
seem to adversely affect the anti-tumor response
of immune based therapy. A recent report from the
Memorial Sloan Kettering group indicates that the use
of immune suppressive medications for the treatment
of immune-related adverse events did not adversely
impact overall survival or time to change in oncologic
[10]
therapy in patients with melanoma .
The mechanism of ipilimumab-mediated entero
colitis has not been precisely elucidated. Indeed, with
the increase availability of novel biologic agents, there
is a growing recognition of the spectrum biologic
drug-mediated enterocolitis. Each of these drugs may
affect different lymphocyte targets of the gut mucosal
immune system leading to enterocolitis. Ipilimumab
specifically targets the inhibitory T-cell surface protein
CTLA-4. Prior investigation has shown that T-cell
depletion does not appear to be a feature in the
[7]
pathogenesis of ipilimumab-mediated enterocolitis .
Berman and colleagues posit that ipilimumab results
in dysregulation of mucosal immunity, evidenced
by alterations in antibody levels to various microbial
[13]
antigens and elevated fecal calprotectin levels .
Further understanding of ipilimumab and other biologicmediated enterocolitides may have broader implications
for understanding other inflammatory gastrointestinal
disease states.
In conclusion, although our study was limited by its
retrospective design, small cohort size and the fact that
all patients were treated at a single tertiary center, our
findings raise the possibility that the presence of colonic
ulcers in patients with ipilimumab-mediated enterocolitis
may predict a steroid refractory course. These results
should be explored in larger patient cohorts in order to
elucidate the utility of endoscopic evaluation and early
administration of infliximab.

DISCUSSION
Diarrhea and enterocolitis are among the most
common immune-related adverse events associated
with ipilimumab therapy. With the increasing use of
immune-based therapies for patients with various
cancer types, gastroenterologists are likely to see a
growing burden of immune-mediated gastrointestinal
toxicities. In the present analysis, we report a single
center experience of 114 patients with metastatic
melanoma who presented with ipilimumab-mediated
enterocolitis. Overall, 14% of patients developed grade
≥ 2 diarrhea. More than half of those patients had
steroid-refractory symptoms requiring treatment with
infliximab. Interestingly, 8 of 9 patients (88%) with
ulcers found on colonoscopy/sigmoidoscopy experienced
a steroid-refractory course requiring infliximab (Figure
1).
While the cohort size in our study is relatively
small, this potential association deserves further investi
gation. If validated, this finding could have important
implications in the management of some patients with
ipilimumab-mediated enterocolitis. Prompt evaluation
with colonoscopy/sigmoidoscopy may provide
prognostic information, allowing clinicians to consider
initiation of infliximab therapy in patients whose
symptoms do not rapidly respond to corticosteroids
and who are found to have mucosal ulceration.
Prior studies have estimated incidence of ipili
mumab-mediated diarrhea (any grade) to be in the
[1,3,10,11]
range of 14%-29%
. In our cohort, we observed
≥ grade 2 and grade 3 diarrhea in 14% and 6% of
patients, respectively, which is consistent with previous
[1,4,5,10,12]
reports
.
Initial experience with ipilimumab in the clinical trial
setting seemed to indicate that steroid-refractory colitis
was rare. For example, in a landmark phase 3 trial,
only 4 of 179 (2%) patients with diarrhea or colitis
[1]
required treatment with infliximab . An earlier phase
2 study by Beck and colleagues reported refractory
enterocolitis requiring infliximab in only 4 of 41 (10%)
[11]
patients with enterocolitis .
By contrast, more contemporary experience with
ipilimumab in the post-FDA approval era has provided
evidence that steroid-refractory enterocolitis may
be more common than initially thought. A large, re
trospective, single-center review recently reported
steroid-refractory symptoms in approximately 30%
of patients with a serious immune-related adverse
[10]
event . Another recent study reported steroidrefractory symptoms in 26% of patients with ipili
mumab-induced colitis. In our study, 9 of 16 (56%)
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refractory cases. There are no well-known predictors of steroid refractory
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Abstract
AIM
To investigate compliance with transanal irrigation
(TAI) one year after a training session and to identify
predictive factors for compliance.

Informed consent statement: The study was performed in
accordance with the Declaration of Helsinki, Good Clinical
Practice and applicable regulatory requirements. No informed
consent was required under French legislation since it was a
retrospective study with no interventions other than routine
patient care.

METHODS
The compliance of one hundred eight patients [87
women and 21 men; median age 55 years (range
18-83)] suffering from constipation or fecal incon
tinence (FI) was retrospectively assessed. The patients
were trained in TAI over a four-year period at a
single institution. They were classified as adopters if
they continued using TAI for at least one year after
beginning the treatment or as non-adopters if they
stopped. Predictive factors of compliance with TAI
were based on pretreatment assessments and training
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Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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which permits others to distribute, remix, adapt, build upon this
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therapy, biofeedback) and pharmacological (oral and
rectal laxatives) management measures are effective
[1,2]
for most constipation and FI patients . However,
when these measures fail to control symptoms,
additional strategies, including transanal irrigation
(TAI), are required to improve symptoms and quality
of life. TAI involves the instillation of water into the
colon and rectum using a disposable balloon catheter.
The water and the contents of the descending colon,
sigmoid, and rectum are then evacuated in a controlled
[3]
manner . TAI was first introduced into clinical practice
by Shandling and Gilmour for children with neurogenic
[3]
bowel dysfunction (NBD) related to spina bifida . Based
on its clinical efficacy in treating children with NBD, TAI
[4]
was then applied to adults with NBD and to children
and adults with functional bowel disorders for whom
[5]
traditional treatments had failed . While short-term
trials indicated that constipation and FI are significantly
improved by TAI, compliance is difficult to maintain over
[6,7]
time . The predictive factors of mid-term and longterm compliance with TAI in adults have been poorly
[6,7]
described to date .
The purposes of the present study were (1) to
investigate compliance with TAI of adults suffering
from constipation or FI; and (2) to identify specific
predictive factors of compliance with TAI based on
pretreatment assessments and training progress.

progress. The outcomes of the entire cohort of patients
who had been recruited for the TAI treatment were
expressed in terms of intention-to-treat.
RESULTS
Forty-six of the 108 (43%) trained patients continued
to use TAI one year after their training session. The
patients with FI had the best results, with 54.5%
remaining compliant with TAI. Only one-third of the
patients who complained of slow transit constipation
or obstructed defecation syndrome continued TAI.
There was an overall discontinuation rate of 57%. The
most common reason for discontinuing TAI was the
lack of efficacy (41%). However, 36% of the patients
who discontinued TAI gave reasons independent of the
efficacy of the treatment such as technical problems
(catheter expulsion, rectal balloon bursting, instilled
water leakage or retention, pain during irrigation, anal
bleeding, anal fissure) while 23% said that there were
too many constraints. Of the patients who reported
discontinuing TAI, the only predictive factor was the
progress of the training (OR = 4.9, 1.3-18.9, P = 0.02).
CONCLUSION
The progress of the training session was the only factor
that predicted patient compliance with TAI.
Key words: Neurogenic bowel dysfunction; Fecal
incontinence; Constipation; Obstructed defecation;
Transanal irrigation

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients and data collection

A retrospective review of adult patients with cons
tipation or FI refractory to first-line treatments and
®
their compliance with a Peristeen TAI (Coloplast
A/S, 3050 Humlebæk, Denmark) bowel management
program over a four-year period (2010-2014) in
a single institution was conducted. There were no
predefined physiological, radiological, or psychosocial
criteria to propose TAI to patients except the failure
of the first-line treatment (education, behavioral
therapy, biofeedback, oral and rectal laxatives) and the
possibility of using a rectal probe.
Data were prospectively collected and included
patient demographics, main indication for TAI (con
stipation or FI), type of FI (active, passive, or mixed),
type of constipation (slow transit constipation or
[8]
obstructed defecation disorder) based on Rome criteria ,
and the etiology of the constipation or FI. We also
interviewed each patient using a validated FI score
[9]
(Cleveland Clinic Incontinence Score, CCIS 0-20) , a
[10]
constipation severity score (Kess score, 0-39) , or
[11]
an NBD score (NBD, 0-47) , as appropriate. Because
of the heterogeneity of the population (patients with
constipation or FI), each patient was classified as
having a severe defecation disorder based on the
severity score of their main symptom (Kess score > 20
[10]
if constipation was the main symptom , CCIS > 10 if
[12]
FI was the main symptom , or NBD score > 14 for a

Core tip: Less than 50% of the trained patients
continued to use transanal irrigation (TAI) for the
treatment of their defecation disorders one year after
their training sessions. We showed for the first time
that the only predictive factor for TAI discontinuation
was the progress of the training. This suggested that
the first training session should be better structured
in order to promote more realistic expectations of
treatment efficacy, side-effects, and constraints in
order to reduce the discontinuation rate.
Bildstein C, Melchior C, Gourcerol G, Boueyre E, Bridoux
V, Vérin E, Leroi AM. Predictive factors for compliance with
transanal irrigation for the treatment of defecation disorders.
World J Gastroenterol 2017; 23(11): 2029-2036 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i11/2029.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i11.2029

INTRODUCTION
Chronic constipation and fecal incontinence (FI) are
[1,2]
common disorders with debilitating symptoms
.
There is a hierarchy of management strategies for
constipation and FI. Conservative (education, behavioral
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[11]

neurological disease ). The evaluation of the patients
prior to the treatment was conducted based on their
heterogeneous background pathologies. However,
for most patients, the evaluation included anorectal
physiology tests, defecography, and a colonic transit
[13-15]
time study performed as previously described
.
Anal manometry was performed using a water-perfused
system. Maximal anal resting and squeeze pressures
were recorded. Rectal sensation to balloon distension
with air was assessed. The smallest amount of dis
tension felt by the patient (the threshold of conscious
rectal sensation) and the maximum tolerable volume
[14]
were determined .

Intervention

®

the TAI treatment.
To analyze the predictive factors of the outcomes
of TAI, the patients were divided into two groups
based on their compliance with TAI one year after their
training session. They were classified as non-adopters
if they stopped using TAI within one year of the start
date or as adopters if they had continued the therapy.
Patients who were lost at follow-up or who failed the
training session were not included in the analysis of
predictive factors.
2
The χ test was used to compare qualitative
variables. The Mann-Whitney U test was used to
compare quantitative variables. A multivariate analysis
was performed to identify relationships between
disease background factors and the outcome of TAI.
Variables with a p < 0.15 in the univariate analysis
were used for the stepwise logistic regression. Results
are expressed as odds ratios and 95%CI. Data are
expressed as medians or mean values with a range or
standard deviation. Statistical significance was set at p
< 0.05.

[6]

The Peristeen irrigation system was used . Patients
were prepared using information leaflets, DVDs, and
meetings with specialist nurses where the system
was presented and explained (training session). TAI
attempts were performed under the supervision
of specialist nurses using a previously described
[6]
procedure . The modalities of the TAI training session
were evaluated with respect to the volume of water
used for the irrigation and the number of pressings
necessary to inflate the balloon. The nurses evaluated
the progress of the training sessions and reported
any difficulties (expulsion of catheter, fluid leakage,
no evacuation of stools during irrigation). During
the first month following the training sessions, the
patients were asked to perform washouts daily or
every two days. Appointments were scheduled for 1,
3, 6, and 12 mo after the training sessions to discuss
the various treatment modalities (frequency of enema
administration, volume of water used, etc.). The pa
tients were encouraged to contact the specialist nurses
in the event of problems.

RESULTS
One hundred eight patients with defecation dis
turbances [87 women and 21 men; median age 55
years (range 18-83)] over a four-year period were
introduced to TAI at our institution. TAI was used
to treat isolated constipation in 51 patients, relieve
constipation associated with retentive FI in 47, and
treat isolated FI in 10. The main complaints, type of
constipation and FI, main causes, and prior surgical
procedures for defecation disorders are given in Table 1.
The study protocol complied with the ethical
th
guidelines of the 1975 Declaration of Helsinki (6
revision, 2008) as reflected in a priori approval by the
institution’s human research committee (N°E2016-64).

Outcome measures

Training session

We assessed the outcomes based on compliance with
TAI one year after the training sessions. To identify
TAI users one year later, we mailed a questionnaire
to patients who were introduced to TAI from January
2010 to December 2014 and who were not seen at
the 12-mo follow-up. The patients were asked if they
were still using the TAI system, how they used it, and
whether they had experienced any technical problems
or complications. If they were no longer using TAI,
they were asked to explain why they had stopped and
when.

Five patients (4.6%) withdrew during the first training
session, 4 because of repeated expulsion of the rectal
catheter during irrigation and water leakage around the
rectal catheter, and 1 because of difficulty emptying
the instilled water. Nine patients (8.3%) needed more
than one training session (2 sessions for 8 patients
and 3 sessions for 1 patient) because they did not
feel comfortable performing the TAI after one session.
Following a satisfactory home-use training session,
92 patients (85.2%) were able to auto-administer
TAI, while 11 patients (10.2%) required assistance
either from a nurse (7) or a member of the family (4).
Seventy percent of the patients performed TAI at least
2 to 3 times a week.

Statistical analysis

The proportion of patients in each outcome was
expressed in terms of intention-to-treat (ITT). The ITT
approach was designed to analyze the patients who had
attended a TAI training session, including those who
had failed the first session and those who were lost at
follow-up. The purpose was to assess the outcomes of
the entire cohort of patients who had been recruited for

WJG|www.wjgnet.com

Outcome of TAI at the one-year follow-up

The outcomes of the patients based on compliance
with TAI one year after the training session are
summarized in a flow diagram (Figure 1). At the one-
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108 patients
trained in
transanal irrigation

Table 1 Predominant symptoms, main causes of constipation/
fecal incontinence, and prior surgical procedures for
constipation/fecal incontinence in the 108 patients trained in
transanal irrigation n (%)

5 training failures

Study group
(n = 108)

103 patients
Predominant symptoms
Constipation
Fecal incontinence
Type of constipation
Slow transit constipation
Obstructed defecation
Mixed constipation
Type of FI
Active FI
Passive FI
Mixed FI
Main causes of constipation/FI
Neurological disease (multiple sclerosis, spina
bifida, spinal cord injury, Parkinson disease):
Slow transit constipation
Obstructed defecation syndrome
FI
Pudendal neuropathy
Sphincter lesion
Low rectal/reservoir compliance
Idiopathic
Prior surgical procedures
Rectal resection with colo-anal anastomosis
Colonic resection with colo-rectal anastomosis
Colonic resection with ileo-rectal anastomosis
Hysterectomy
Cystopexy
Rectopexy
Starr
Sacral nerve stimulation
Anorectal malformation
Rectoplasty

9 stopped treatment
2 lost at follow-up
1 mo
post-training

3 mo
post-training

92 patients
15 stopped treatment
6 lost at follow-up
1 death
70 patients
10 stopped treatment
1 lost at follow-up

6 mo
post-training

59 patients
10 stopped treatment
3 lost at follow-up

12 mo
post-training

46 adopters

Figure 1 Flow chart of the 108 patients based on compliance with
transanal irrigation at the one-year follow-up.
80

Percent of patients (%)

70

Adopters
Non-adopters

60
50
40

65 (60.2)
43 (39.8)
15 (15.3)
47 (48)
36 (36.7)
12 (21)
42 (73.7)
3 (5.3)
41 (38)
17 (15.7)
28 (25.9)
22 (20.4)
11
5
5
1
32 (29.6)
3
3
1
1
2
4
1
15
1
1

30
FI: Fecal incontinence.

20
10
0

Neurological
Fecal
Obstructed
disease
incontinence defecation
n = 41
n = 22
n = 28

(catheter expulsion, rectal balloon bursting, instilled
water leakage or retention, pain during irrigation, anal
bleeding, anal fissure) (16 patients, 36.4%), inefficacy
(18 patients, 40.9%), and too many constraints (10
patients, 22.7%). Constraints were mainly related to
the time spent performing the irrigation. The median
time the patients used TAI before discontinuing was
3 mo (range, 0.2-11). At the last follow-up, the
discontinuation of TAI had led to the resumption of
a medical treatment for 21 patients (42.8%) and
an invasive surgical procedure for 18 (36.7%):
Malone antegrade continence enema, n = 6; sigmoid
colostomy, n = 4; ileostomy, n = 1; coloproctectomy,
n = 1; rectopexy, n = 2; sacral nerve stimulation, n =
3; and artificial bowel sphincter, n = 1. Eight patients
preferred resuming traditional water or sodium phos
phate enemas.

Slow transit
constipation
n = 17

Figure 2 Successful outcome (intention-to-treat analysis) defined
by compliance with transanal irrigation based on the etiology of the
defecation disorders in 108 patients.

year follow-up, 46 of the 108 patients still maintained
TAI at home and were considered as adopters (ITT
42.6%) while 62 had discontinued TAI and were
considered as non-adopters (ITT 57.4%), including 44
who had discontinued TAI prior to the one-year followup, 5 who had failed during the first training session,
12 who were lost at follow-up, and 1 who died for a
reason unrelated to TAI. The successful outcomes with
TAI (ITT analysis) are presented in Figure 2 based on
the etiology of the defecation disorder. The median
follow-up after the successful start of TAI was 16 (1-67)
mo.
The main reasons for discontinuing TAI following
a successful training session were technical problems

WJG|www.wjgnet.com

Side-effects

Of the 46 adopters, 13 (28.3%) complained of the
time spent on bowel management while 25 (54.3%)
reported 47 minor and self-limiting adverse events.
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Table 2 Comparison of background variables, baseline demographics, severity scores, anorectal physiological testing, defecography,
and colonic transit times of adopters and of non-adopters who discontinued transanal irrigation during the first year n (%)
Variables
Age (yr)
Gender
Female
Male
BMI
Main symptom
Constipation
FI
Type of constipation
Slow transit
Obstructed defecation
Mixed
Type of FI
Urge
Passive
Mixed
Main causes of constipation/FI
Neurological disease
Slow transit constipation
Obstructed defaecation syndrome
FI
Prior surgical procedures
Severe defecation disorders according to severity scores
Anorectal manometry:
Resting pressure (cmH2O)
Squeeze pressure (cmH2O)
Threshold volume (mL)
Maximum tolerated volume (mL)
Rectal compliance (mL/cmH2O)
Colonic transit time
Right colon (h)
Left colon (h)
Recto-sigmoid colon (h)
Total (h)
Defecography
Rectal prolapse
or recto-anal procidentia

Adopters

Non-adopters

n = 46

n = 44

55.9 ± 13.9

51 ± 17.8

P value
0.29

36 (78)
10 (22)
25.4 ± 4.3

38 (86)
6 (14)
23.6 ± 4.9

0.46

22 (48)
24 (52)
n = 42
8 (19)
17 (40.5)
17 (40.5)
n = 28
7 (25)
19 (68)
2 (7)

28 (64)
16 (36)
n = 39
6 (15.4)
21 (53.8)
12 (30.8)
n = 24
5 (21)
18 (75)
1 (4)

0.19

19 (41.3)
6 (13)
8 (17.4)
13 (28.3)
11 (24)
n = 42
32 (76)
n = 38
66.6 ± 30.7
57.8 ± 56.5
21.9 ± 15.7
225.1 ± 98.6
4.1 ± 2.4
n = 31
28.1 ± 19.7
35.5 ± 23.6
23.6 ± 21.8
90.2 ± 35.4
n = 29
9 (31)

14 (31.8)
8 (18.2)
11 (25)
11 (25)
17 (39)
n = 40
31 (77)
n = 33
57.2 ± 27.3
59.6 ± 67.7
15.7 ± 6.9
234.5 ± 145.6
4.2 ± 4
n = 33
29.9 ± 18.4
38 ± 25.4
29 ± 26.6
88.4 ± 44.3
n = 22
6 (27)

0.05

0.48

0.82

0.47
0.70
0.53
0.91
0.13
0.99
0.20
0.81
0.16
0.83
0.51
0.54
0.60
0.53
0.97

0.22

Values are expressed as mean ± SD. BMI: Body mass index; FI: Fecal incontinence.

The most common events reported were leakage of
irrigation fluid around the catheter (16 events, 34%),
pain on catheter insertion or water instillation (14
events, 29.9%), catheter expulsion (9 events, 19.1%),
rectal balloon bursting (5 events, 10.6%), and instilled
water retention (3 events, 6.4%). No cases of bowel
perforation were reported at follow-up.

body mass index, main symptom (constipation or FI),
severity of main symptom based on severity scores,
type of constipation or FI, underlying pathology, or
previous colo-rectal surgeries (Table 2). The anorectal
physiological parameters, colonic transit times, and
defecography results of the adopters and non-adopters
were similar (Table 2).

Predictors of compliance with TAI

Predictive factors based on TAI modalities: Only
the satisfactory progress of the first training session was
related to the outcome of TAI. Non-adopters were more
likely to experience a first training session complicated
by technical problems (expulsion of catheter, fluid
leakage, or no evacuation of stools during irrigation)
than adopters (P = 0.02) (Table 3). The multivariate
analysis confirmed that the success of the first training
session was the only predictive factor of mid-term
compliance with TAI (odds ratio = 4.9, 1.3-18.9; P =
0.02). The number of sessions required to learn the TAI

To identify predictive factors of compliance with
TAI, we compared the characteristics of the 44 nonadopters who had discontinued TAI during the first
year (excluding patients who were lost at follow-up or
who had failed the training session) with those of the
46 adopters.
Predictive factors based on baseline assessments:
We did not find any significant differences between
adopters and non-adopters related to age, gender,

WJG|www.wjgnet.com

2033

March 21, 2017|Volume 23|Issue 11|

Bildstein C et al . Compliance with transanal irrigation
Table 3 Comparison of transanal irrigation training modalities for adopters and for non-adopters who discontinued transanal
irrigation during the first year n (%)
Variables
Training sessions
Number of training sessions
Volume of instilled water
Numbers of balloon pressings
Auto-administration
Assisted administration
Complicated first training session
Current sessions
Frequency of irrigation:
2-3/wk or more
Less than 2-3 wk
Total number of side-effects
Percent of patients:
with side-effects
with constraints

Adopters

Non-adopters

n = 46

n = 44

1.2 ± 0.4
607.9 ± 214.8
3.2 ± 1.3
40 (87)
6 (13)
4 (9)
n = 45

1.1 ± 1
517.4 ± 241.7
3.2 ± 1.8
42 (95.5)
2 (4.5)
13 (29)
n = 24

P value

0.30
0.07
0.55
0.30
0.02

35 (78)
10 (22)
1.04 ± 1.2

22 (92)
2 (8)
1.1 ± 1

0.35

25 (54)
13 (28)

29 (66)
16 (36)

0.37

0.51

Values are expressed as mean ± SD.

technique, the type of administration (self-administered
or assisted), the frequency of use of the TAI system,
and the number of side-effects observed during TAI
were not predictive factors of discontinuation (Table 3).

of patients with a neurological disorder, which is
at odds with our results showing that only 46% of
such patients were compliant with TAI at the one[6]
year follow-up . This inconsistency may be due to
different treatment durations. Indeed, Christensen
[6]
et al determined the success of TAI at the last
follow-up (ranging from 1 to 116 mo). However a
high drop-out rate over time is common in patients
with a neurological disorder. For example, only 35%
[7]
of such patients continue TAI for 3 years . These
discrepancies indicate that it is important to evaluate
all patients over the same time frame. We decided to
use a one-year follow-up assessment since (1) the risk
of underestimating the percentage of non-compliant
patients is limited given that most dropouts occur at
[6]
the beginning of the treatment ; and since (2) few
patients are lost at follow-up.
We confirmed that FI patients are relatively good
candidates for TAI, with 54.5% remaining compliant one
year after the training session despite the constraints
and technical problems, which is in agreement with
[6,18,19]
previous studies
. This suggested that patients are
willing to suffer the side-effects because some of their
colorectal dysfunctions are resolved. While the results
of ITT FI by sacral nerve stimulation, for example,
have been reported to be slightly better one year after
[20]
implantation (66% ITT) , TAI requires no surgical
intervention and has minimal side effects. TAI may thus
be suitable as a second-line treatment for incontinent
patients, especially those with retentive FI.
[6,18]
In the present study, like others
, we observed
an overall discontinuation rate of 57%. The most
common reason for discontinuing TAI was the lack of
efficacy (41%). However, 59% discontinued because
of technical problems or constraints. Regardless of
the reason, discontinuation could lead to a delay in
the effective management of defecation disorders and
a decrease in the cost-effectiveness of TAI. We thus

DISCUSSION
Our main aim was to investigate compliance with
TAI by adults with constipation or FI one year after
a TAI training session. Based on ITT, 43% of the
108 patients were still using TAI one year after their
training session. The patients with FI had the best
results, with 54.5% remaining compliant with TAI.
Only one-third of the patients who complained of slow
transit constipation or obstructed defecation syndrome
continued TAI.
Studies on adults with defecation disorders of
mixed etiology have reported variable response rates
[5]
to TAI . The proportion of patients with a positive
[16]
[17]
outcome with TAI ranges from 30%
to 78% . The
large difference in reported response rates may be due
to three main inherent factors of the study designs: (1)
the success criteria; (2) the TAI system and training
modalities; and (3) the duration of the follow-up.
Nevertheless, the results of the present study were
relatively consistent with those of a previous study by
[6]
Christensen et al , who used similar success criteria.
[6]
In the study by Christensen et al , patients still using
TAI at follow-up, patients in whom symptoms had
resolved during treatment and thus no longer needed
the treatment, and patients whose bowel symptoms
had been successfully treated but who had died for
reasons not related to treatment were regarded as
having a successful TAI outcome. They reported a
success rate of 47% for the entire cohort, 51% for
patients with FI, and 34% for patients with slow transit
[6]
constipation or obstructive defecation syndrome .
They also reported that TAI was successful in 63%
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predictive factors of compliance with TAI in adults have been poorly described
to date.

focused our patient selection efforts in order to identify
predictive factors of non-compliance. In previous
studies, several predictive factors of non-compliance
have been suggested, including gender, mixed consti
pation and FI symptoms, prolonged colonic transit
[7]
time in patients with NBD , anal insufficiency, and
low rectal volume in a population with defecation
[6]
disorders of different origins . However, no con
sistent, reliable patterns indicating a greater risk of
discontinuing TAI have been identified. In the present
study, technical problems that occurred during the first
training session were the only predictive factor for TAI
discontinuation. Patients who experienced moderate
technical problems during the training session that
were not sufficient to discontinue the treatment after
the session were five times more likely to be nonadopters because of the inefficacy of TAI or persistent
technical problems. No other studies have investigated
the modalities of training sessions as predictive factors
of a successful outcome. If our results are confirmed
with a larger patient cohort, this could help optimize
the management of these patients by, for example,
using more training sessions with specialized nurses in
a clinical or home setting in the early treatment phase.
The present study had several main limitations.
First, it was a retrospective study. Second, several subgroups of patients were required to identify predictive
factors of non-compliance due to the heterogeneity
of the population. As such, our population may have
been underpowered for such an analysis. Third, we
did not use the symptom severity scores to evaluate
TAI efficacy. However, the poor correlation between
the subjective perception of patients of their functional
bowel disorders and the symptom severity scores is
[21]
well known . Consequently, the continuation of a
binding treatment such as TAI by patients for at least
1 year appeared to us to be as clinically relevant as
severity scores in reaching the conclusion that TAI
provides a significant clinical benefit to patients.
With the exception of progress during the first
training session, no predictive factors for compliance
with TAI were identified. This suggested that the first
training session should be better structured in order to
promote more realistic expectations about treatment
efficacy, side-effects and, especially, constraints in
order to reduce the discontinuation rate.

Research frontiers

A better understanding of why many patients with defecation disorders who are
treated with TAI discontinue the therapy after the training session should help
reduce the rate of failure.

Innovations and breakthroughs

Like others, the authors found that less than 50% of the trained patients
continued to use TAI one year after their training session. They failed to identify
any consistent, reliable patterns indicating a greater risk of discontinuing TAI.
However, we showed for the first time that (1) 59% of the patients who reported
discontinuing TAI gave reasons independent of the efficacy of the treatment
(technical problems or constraints) and that (2) the only predictive factor for TAI
discontinuation was the progress of the training.

Applications

Presented results indicated that the first training session should be better
structured in order to promote more realistic expectations of treatment efficacy,
side-effects, and, especially, constraints in order to reduce the discontinuation
rate. In the future, authors plan to schedule several successive hospital or
home training sessions with a specialized nurse for patients whose first session
led to complications in order to improve their compliance.

Terminology

The first training session is important to predict patient compliance with TAI.

Peer-review

This paper on TAI is interesting, well written, with exhaustive tables and figures.
The limitations are already outlined by the authors at the end of the discussion
section.
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Abstract

Informed consent statement: Patients were not required
to give informed consent for study participation because the
analysis used anonymous clinical data that were obtained after
each patient agreed to treatment by written consent.

AIM
To evaluate the importance of endoscopic ultra
sonography (EUS) for small (≤ 10 mm) rectal neuro
endocrine tumor (NET) treatment.

Conflict-of-interest statement: We have no financial
relationships to disclose.

METHODS
Patients in whom rectal NETs were diagnosed by
endoscopic resection (ER) at the Pusan National
University Yangsan Hospital between 2008 and 2014
were included in this study. A total of 120 small rectal
NETs in 118 patients were included in this study.
Histologic features and clinical outcomes were analyzed,
and the findings of endoscopy, EUS and histology were
compared.
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The size measured by endoscopy was not significantly
different from that measured by EUS and histology
(r = 0.914 and r = 0.727 respectively). Accuracy
for the depth of invasion was 92.5% with EUS. No
patients showed invasion of the muscularis propria or
metastasis to the regional lymph nodes. All rectal NETs
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metastasis to the regional lymph node (LN) or invasion
[9]
of the muscularis propria . Furthermore, EUS with
miniprobe, which is commonly used for the evaluation
of small rectal NETs, offers limited assessment of
regional LNs because of its low penetration depth.
Thus, endoscopic evaluation without EUS may be
sufficient in the management of small rectal NETs, but
this has not been well established.
This study was designed to evaluate the biologic
behavior of small NETs, to analyze the accuracy of
endoscopy and EUS as compared with pathologic
findings, and to determine the clinical impact of EUS in
the choice of treatment strategy for small rectal NETs.

were classified as grade 1 and demonstrated an L-cell
phenotype. Mean follow-up duration was 407.54 ±
374.16 d. No patients had local or distant metastasis
during the follow-up periods.
CONCLUSION
EUS is not essential for ER in the patient with small
rectal NETs because of the prominent morphology and
benign behavior.
Key words: Neuroendocrine tumor; Small; Rectal;
Endoscopic ultrasonography; Histology; Endoscopy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Small rectal neuroendocrine tumors (NETs; ≤
10 mm) that are confined to the mucosa or submucosa
can be managed by endoscopic resection because of
their low risk of metastatic spread. According to the
2015 guidelines of the National Comprehensive Cancer
Network, when we evaluate rectal NET, endorectal
magnetic resonance or endoscopic ultrasonography
(EUS) is recommended. However, EUS may not be
essential for evaluation of small rectal NET because of
its prominent morphology and benign behavior.

Study design

This retrospective study was performed at a single
tertiary referral center. Patients in whom rectal
NETs were diagnosed by ER at the Pusan National
University Yangsan Hospital between 2008 and 2014
were considered for study inclusion. Among the 132
rectal NETs that were treated with ER, 118 patients
with a total of 120 small (≤ 10 mm) rectal NETs were
enrolled in this study. Two of the patients had two small
rectal NETs each. Twelve rectal NETs were excluded
from study, and these included 5 patients without
EUS examination, 4 patients with no visualization by
EUS, and 3 patients with a tumor size > 10 mm. All
rectal NETs were found incidentally on a screening
colonoscopy, and all patients underwent computed
tomography (CT) to assess the presence of metastasis
to the perirectal lymph nodes or liver. CT investigations
revealed that none of the tumors was associated with
either regional LN or distant metastasis.
Rectal NETs were defined as tumors located within
15 cm of the anal verge, while tumors located more
than 15 cm above the anal verge were regarded as
colonic NETs. Rectal NETs were treated by ER, including
endoscopic submucosal dissection, endoscopic mucosal
resection (EMR) and EMR with suction methods, and
were diagnosed by histologic analysis.
The study protocol was approved by the Institutional
Review Board at the Pusan National University Yangsan
Hospital (IRB number 05-2015-043).

Park SB, Kim DJ, Kim HW, Choi CW, Kang DH, Kim SJ, Nam
HS. Is endoscopic ultrasonography essential for endoscopic
resection of small rectal neuroendocrine tumors? World J
Gastroenterol 2017; 23(11): 2037-2043 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i11/2037.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i11.2037

INTRODUCTION
Rectal neuroendocrine tumors (NETs) have rapidly
increased in incidence, with more than a 10-fold
[1]
increase occurring over the last 30 years . However,
the rectum remains one of the most frequent sites
[1,2]
of digestive NETs . The treatment of rectal NETs
[1]
depends on the tumor size and depth of invasion .
Recent consensus guidelines on the management of
rectal NETs suggest that small tumors (≤ 10 mm)
that are confined to the mucosa or submucosa can
be managed by endoscopic resection (ER) because of
[3,4]
their low risk of metastatic spread .
Endoscopic ultrasonography (EUS) was found to
be useful for measuring the size and local staging
of rectal NETs, which is essential information for
[5-8]
determining appropriate treatment
. Endoscopic
size measurement using forceps or other accessories
is also possible because the majority of rectal NETs
are located in the mucosa or submucosa and have
the easily recognized features of a nodular shape
with a yellowish color. According to a previous study
of 237 patients with rectal NETs < 10 mm, none had
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Measurements

Medical records were reviewed retrospectively to
extract clinical information, such as endoscopic, EUS
and histologic findings. We consistently described the
size, color and shape characteristics of the tumors
according to the endoscopic record; however, if the
endoscopic description of the tumor size was vague, it
was retrospectively re-estimated.
The size and depth of invasion for all NETs was
examined by endoscopy, EUS and histologic examination.
The NET size was estimated by measuring the diameter
of the lesion, and using an open or closed biopsy forceps
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as a size reference on endoscopic examination. The
biopsy forceps was then closed for use in determining the
consistency and mobility of the mass.
Immediately after the endoscopic examination,
EUS examination was performed by the UM-DP2025R miniature ultrasonic probe (Olympus Medical Sys
tems Corp, Tokyo, Japan) with a frequency of 20 MHz
and the EU-M2000 sonogram processing equipment
(Olympus). On EUS examination, the cross-sectional
size of the lesion was measured electronically and the
location of the lesion was identified as the EUS layer of
origin. We also examined the appearance of the NET
on EUS (hypoechoic or hyperechoic, homogenous or
inhomogenous), and determined whether or not tumor
invasion of the proper muscle layer had occurred.
After EUS examination, ER was performed. The type
of ER was determined by the size of the NET and
by the endoscopists’ experience and preference. All
endoscopy, EUS and ER procedures were performed
by two experienced endoscopists (Kim HW, Choi CW).
We did not perform biopsy before ER because
biopsy can induce fibrosis and complicate removal
of the submucosal lesion. After endoscopic removal,
all resected specimens were evaluated histologically
using light microscopy at both low and high power
magnifications. Histologic examination of the NETs was
performed, and included determination of tumor size,
mitotic count, Ki-67 index, presence of lymphovascular
invasion and margin status. The grading system used
for NETs was that of the European Neuroendocrine
[10]
Tumor Society . NETs were classified as grade 1,
grade 2 or grade 3 according to the mitotic count and
the Ki-67 index. The three tumor categories were
[11]
defined as follows : grade 1, mitotic count < 2 per
10 high-power fields (HPFs) and/or ≤ 2% on the Ki-67
index; grade 2, mitotic count 2-20 per 10 HPFs and/
or 3%-20% on the Ki-67 index; and grade 3, mitotic
count > 20 per 10 HPFs and/or > 20% on the Ki-67
index.

of EUS was compared with that of histology in the
subset of cases where tissue was obtained. The
association among the size estimates by endoscopy,
size measurements by EUS and histology was evaluated
by calculating the Pearson correlation coefficients with
unadjusted significance levels (correlation analysis,
r value > 0.7: considered to be strongly correlated).
Comparison of diagnostic certainty by endoscopy, EUS
and histology was performed by using the Wilcoxon
signed-rank test (Wilcoxon signed-rank test, P > 0.10:
not statistically significant). All data analyses were
performed by the Statistical Package for the Social
Sciences (SPSS) software (version 18.0; SPSS, Chicago,
IL, United States).

RESULTS
One hundred and eighteen patients [76 men and 42
women, with a mean age of 50.7 ± 11.4 years (range
18-77 years)] with a total of 120 rectal NETs were
enrolled in this study. Two patients had two rectal NETs
each. For most of the tumors, endoscopic morphology
showed sessile or slightly elevated lesions (n = 110,
91.7%), with the others being flat lesions (n = 10,
8.3%). Some tumors had central depression (n =
8, 6.7%). The types and proportions of ERs were
conventional EMR (n = 3, 2.5%), EMR with suction
methods (n = 70, 58.3%) and endoscopic submucosal
dissection (n = 47, 39.2%).
On histologic evaluation, all tumors were classified
as grade 1 and as either enteroglucagon type or
L-cell type. Microscopic invasion was observed in the
histologic findings for 1 case [both lymphatic and
vascular invasion (n = 1)]. Lymphovascular invasion
was found in 1 patient who had a 6-mm tumor that
required additional surgical therapy of low anterior
resection. There was no recurrence during the followup periods. The mean follow-up period was 407.54 ±
374.16 d (range 154-2148 d) for all patients. Of the
120 lesions evaluated, 23 had follow-up at ≥ 24 mo.
The demographics of the lesions are shown in Table 1.

Examination following ER

Medical records were reviewed to determine the
clinical outcomes. The first visit to the outpatient
clinic was usually performed within 1 to 2 wk after
endoscopic treatment and included a confirmation of
the pathologic report as well as an assessment for any
complications, such as bleeding and perforation. All
patients were recommended surveillance colonoscopies
and abdominal CT, with the first follow-up at 6 mo
and the second follow-up at 30 mo after endoscopic
treatment. All patients underwent the first 6-mo followup examination, but some patients did not undergo the
second follow-up examination.

Size and depth measurements

The sizes of the rectal NETs were estimated by
endoscopy, EUS and histologic findings, and the
results were 5.47 ± 1.78 mm, 5.53 ± 1.76 mm
and 5.54 ± 2.15 mm respectively. Overall, the sizes
estimated by the three different methods were similar
and not statistically different (Table 1). The mean
size differences between the endoscopic and EUS
measurements, between endoscopy and histology, and
between EUS and histology were 0.065 ± 0.650 mm
(maximum error range 1.5 mm), 0.071 ± 1.407 mm
(maximum error range 3.0 mm) and 0.006 ± 1.393
mm (maximum error range 3.5 mm) respectively.
None of the size differences were statistically significant
(Table 2).
There was very good correlation between the sizes

Statistical analysis

Continuous variables were reported as mean ± SD
or as median (range), and categorical variables were
reported as frequency (i.e., %). The diagnostic accuracy

WJG|www.wjgnet.com

2039

March 21, 2017|Volume 23|Issue 11|

Park SB et al . EUS for small rectal NETs
Table 1 Clinical data of the small rectal neuroendocrine
tumors n (%)

Table 4 Comparison of depth of invasion measured by
endoscopic ultrasonography and histology n (%)

Total (n = 120)

Parameter
Tumor size in mm, mean ± SD
Endoscopy
EUS
Histology
Endoscopic morphology
Sessile or slightly elevated
Flat
Central depression
Resection method
Conventional EMR
EMR with suction methods
ESD
Histologic grade
1
2
3
Histologic type
Enteroglucagon or L-cell
Enterochromaffin or enterochromaffinlike cell
Microscopic invasion
Lymphatic and vascular
Lymphatic
Vascular
Follow-up duration
6-12 mo
12-24 mo
24-36 mo
≥ 36 mo
Follow-up in day, median (range)
Follow-up in day, mean ± SD

Depth of invasion
nd

2 layer (muscularis mucosa)
3rd layer (submucosa)
4th layer (muscularis propria)
EUS accuracy

5.47 ± 1.78
5.53 ± 1.76
5.54 ± 2.15
110 (91.7)
10 (8.3)
8 (6.7)

120 (100)
0
0
120 (100)
0

The overall incidence of rectal NETs is rapidly increa
[1]
sing , and the incidence in South Korea, in particular,
has reached 48% among gastroenteropancreatic
[12]
NETs . Since most small rectal NETs will follow an
indolent course with very infrequent local and distant
metastases, endoscopic treatment is usually reco
mmended. Endoscopic treatment for rectal NETs is
considered a curative treatment for lesions ≤ 10 mm
in diameter and without lymphovascular invasion
or metastasis. However, metastasis was reportedly
[13]
detected in 9.7% of cases of ≤ 10 mm rectal NETs ,
and the reported range of rates of distant metastasis
[10,14,15]
in patients with rectal NETs is 2%-8%
. In our
study, lymphovascular invasion was found in 1 patient.
However, more studies are needed to verify the low
metastasis rate in recent studies.
Risk factors for metastasis include tumor size,
muscularis propria invasion, histologic grade (Ki-67
index and mitotic count), lymphovascular invasion,
[10,16]
neural invasion, and atypical endoscopic features
.
In particular, presence of a > 10-mm tumor size
and lymphatic invasion strongly corresponded to LN
metastasis, with the rate of LN metastasis increasing
to 16% with either one of these two risk factors, and
further increased to as high as 77% in patients with
[17]
both risk factors .
In order to ascertain the presence of local or dis
tant metastasis before the endoscopic treatment of
rectal NETs, EUS and CT scan are routinely performed.
EUS is especially useful for measuring the size and
performing local staging of rectal NETs, which is
[5-8]
essential for determining appropriate treatment .
Yet, the clinical value of EUS, particularly of EUS with
miniprobe used for small rectal NETs, decreases in
conjunction with the very low risk of LN metastasis,
limited scope of evaluation for regional LNs, and ease
of endoscopic measurement because of the welldemarcated margins of rectal NETs. Moreover, the

1 (0.8)
0
0
84 (70.00)
13 (10.83)
16 (13.33)
7 (5.83)
196 (154-2148)
407.54 ± 374.16

P = 0.215
P = 0.540
P = 0.933

EUS: Endoscopic ultrasonography.

Table 3 Correlation coefficient among the sizes measured by
endoscopy, endoscopic ultrasonography and histology

Endoscopy and EUS
Endoscopy and histology
EUS and histology

Correlation coefficient
0.914 (P < 0.01)
0.727 (P < 0.01)
0.727 (P < 0.01)

EUS: Endoscopic ultrasonography.

estimated by endoscopy and by EUS (r = 0.914, P <
0.001), and the size measurements of both endoscopy
and histology, and EUS and histology, were well
correlated (r = 0.727, P < 0.001 and r = 0.727, P <
0.001 respectively) (Figure 1 and Table 3).
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2 (1.7)
118 (98.3)
0 (0)

DISCUSSION

Wilcoxon signed-rank test

Measurement technique

9 (7.5)
111 (92.5)
0 (0)
111 (92.5)

The locations of the rectal NETs estimated by EUS
were found at the second layer (n = 9, 7.5%) and the
third layer (n = 111, 92.5%), but none were found
at the fourth layer. The accuracy of EUS as compared
to histology was 92.5% (Table 4). Involvement of the
muscularis propria was not observed by either EUS or
histology in any of the cases.

3 (2.5)
70 (58.3)
47 (39.2)

Table 2 Comparison among the sizes measured by endoscopy,
endoscopic ultrasonography and histology

Endoscopy and EUS
Endoscopy and histology
EUS and histology

Histology

EUS: Endoscopic ultrasonography.

EUS: Endoscopic ultrasound; EMR: Endoscopic mucosal resection; ESD:
Endoscopic submucosal dissection.

Measurement technique

EUS
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similar to the measurements of EUS and histology, with
no greater than a 3.5 mm difference between them.
The measuring methods were also strongly correlated
(Table 3 and Figure 1), and these findings showed the
accuracy of endoscopy as well as the accuracy of EUS
for small rectal NETs. Although previous reports on
endoscopic size estimation have suggested that this
method is inaccurate, primarily due to underestimation
[23-25]
of the lesion size
, the findings of our study and of
[22]
Hwang et al have suggested that endoscopy is quite
accurate in determining the size of subepithelial masses
if the size is estimated using a known size reference,
such as an open biopsy forceps. We found a strong
correlation between size measurements by endoscopy
and EUS (r = 0.914, P < 0.001), with a mean difference
in size measurement of 0.065 ± 0.650 mm. The corre
lation between size measurements by endoscopy and
histology was also significant (r = 0.727, P < 0.001).
Therefore, the size of small rectal NETs could be as
accurately estimated by endoscopic examination as by
EUS, if used with a known size reference.
As shown in Table 4, the diagnostic accuracy of EUS
for invasion depth was 111/120 (92.5%), and invasion
of the muscularis propria was not present in any of
the rectal NETs. Therefore, although the evaluation of
invasion depth by EUS is very effective, these findings
showed that using EUS to evaluate invasion depth is
not essential for small rectal NETs.
[26]
According to Kasuga et al , factors such as a
tumor size of 10 mm or more, the presence of central
depression, depth of tumor invasion, lymphatic
invasion and venous invasion were all significantly
associated with a higher incidence of LN metastasis on
univariate analysis. Multivariate analysis revealed that
a tumor size of 10 mm or more and the presence of
venous invasion were independently predictive of LN
metastasis.
Our study has some limitations. First, the patients’
information could be inaccurate because of the selec
tion bias related to the retrospective nature of the
study. Second, the accuracy of endoscopic measure
ment differs depending on the endoscopists’ level of
experience. Third, the number of rectal NETs in our
study is relatively small. Since there is generally a very
low risk of LN metastasis and invasion of the muscularis
propria, a study with a greater number of small rectal
NETs is necessary to capture more accurate results.
Fourth, the short follow-up interval may have influenced
the results of our study because rectal NETs progress
very slowly.
In conclusion, though the EUS estimation of tumor
size and depth of invasion in small rectal NETs was
very accurate and useful, the endoscopic estimation
was equivalent. Overall, the accuracy of the endoscopic
measurement, along with the lack of muscularis propria
involvement in all of the rectal NETs of our study,
suggested that histologic evaluation after ER is more
significant than EUS evaluation before ER. Therefore,

10.00

EUS size (mm)

8.00

6.00

4.00

2.00
2.00

4.00

6.00

8.00

10.00

Endoscopy size (mm)

Figure 1 Correlation between the sizes of neuroendocrine tumors
measured by endoscopy and endoscopic ultrasonography (r = 0.914).
EUS: Endoscopic ultrasonography.

predictive ability of EUS regarding other risk factors,
such as histologic grade and lymphovascular invasion,
is minimal. Considering these issues, an effective
evaluation of regional LN metastasis is possible using a
combination of endoscopy and histology.
Recent reports have suggested that L-cell pheno
type and small tumor size predict a favorable clinical
[18,19]
outcome for rectal NETs
. In a Korean study, the
frequency of the L-cell phenotype as detected by tumor
immunoreactivity for L-cell markers (i.e., glucagonlike peptide 1, pancreatic peptide and peptide YY) was
[18]
79% . In our study, the frequency of enteroglucagon
or L-cell phenotype, determined by histologic pattern
and chromogranin A immunoreactivity, was 100%.
We did not evaluate tumor immunoreactivity for
L-cell markers, since performance of these studies
involves high costs and some previous studies have
suggested that about 80% of rectal NETs are L-cell type
with typical trabecular pattern and reduced/absent
[20]
chromogranin A immunoreactivity . Therefore, given
the highly frequent detection of the L-cell phenotype,
EUS evaluation for regional LN metastasis and invasion
of the muscularis propria is not essential for small rectal
NETs.
Several studies have examined the utility of EUS in
[2,5-8,21]
the assessment and management of rectal NETs
.
However, no previous studies have compared the size
measurement of rectal NETs by endoscopy to either
measurements by EUS or by histology; although, one
study compared endoscopy and EUS in the evaluation
of gastrointestinal subepithelial masses, including
[22]
carcinoid tumor .
Our study examined the accuracy of endoscopy
and EUS in evaluating 120 rectal NETs in 118 patients.
The purpose of this study was to determine whether
endoscopy could (1) measure the size of tumors as
accurately as EUS; (2) estimate the invasion of the
muscularis propria or metastasis to regional LNs; and
(3) perform an adequate evaluation of small rectal
NETs prior to ER.
In our study, the endoscopic size estimation was
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EUS may not be an essential factor in deciding the
treatment strategy for small rectal NETs.
5

COMMENTS
COMMENTS
Background

6

Endoscopic ultrasonography (EUS) is commonly used in cases of
neuroendocrine tumors (NETs) to evaluate the size of the tumor, invasion of
the muscularis propria and metastasis of regional lymph nodes. This study was
designed to investigate the biologic behavior of small (≤ 10 mm) rectal NETs
and the clinical impact of EUS for endoscopic resections (ER).

7

Research frontiers

No previous studies have compared the size measurement of rectal NETs
obtained by using endoscopy to measurements from either EUS or histology;
although, one study compared endoscopy and EUS in the evaluation of
gastrointestinal subepithelial masses. The size measured by endoscopy was
not significantly different from that measured by EUS and histology. Moreover,
the small rectal NETs had an indolent course and a low metastasis rate,
compared with a few prior reports. The results of this study suggest the utility of
performing EUS in small rectal NETs selectively.

8

9

Innovations and breakthroughs

EUS is helpful for measuring accurate tumor size and depth of invasion;
however, it is not always necessary for deciding the treatment strategy. In this
report, small rectal NETs were evaluated carefully by endoscopy and, then, if
the tumor was deemed appropriate for endoscopic removal and no risk factors
were present, it could be removed without EUS. It is important to identify risk
factors and histologic results after ER.

10

Applications

This study suggests that EUS may not be necessary in deciding the treatment
strategy for small rectal NETs ≤ 10 mm. If the lesion is strongly suspected with
small rectal NET, ER can be chosen based on endoscopic features and size
measurement without evaluating EUS.

11

Terminology

12

EUS is an endoscopic procedure that enables observation of the chest and
abdominal organs, including the gastrointestinal tract.

Peer-review

The authors of this paper highlight the importance of EUS for deciding treatment
strategy of small rectal NETs. EUS may not be essential for ER in the patient
with small rectal NETs because of the relatively exact size measurement and
prominent morphology obtained through endoscopy and the benign behavior of
this tumor type. EUS can be applied selectively in patients with risk factors, and
further clinical trials in a large population of patients with small rectal NETs will
be valuable.
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Abstract

Informed consent statement: Institutional review board
waived the informed consent due to the retrospective nature of
the study.

AIM
To evaluate the correlation between subjective
assessments of pancreatic hardness based on the
palpation, objective measurements using a durometer,
and magnetic resonance imaging (MRI) findings for
assessing pancreatic hardness.

Conflict-of-interest statement: All authors are free from any
economical or personal interest this paper may cause. There is no
conflict of interest to report for any of the authors.
Data sharing statement: No additional data are available.

METHODS
Eighty-three patients undergoing pancreatectomies
were enrolled. An experienced surgeon subjectively eva
luated the pancreatic hardness in the surgical field by
palpation. The pancreatic hardness was also objectively

Open-Access: This article is an open-access article which was
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,

WJG|www.wjgnet.com

2044

March 21, 2017|Volume 23|Issue 11|

Hong TH et al . Pancreatic hardness by durometer and MRI
imaging features. World J Gastroenterol 2017; 23(11): 2044-2051
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i11/2044.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i11.2044

evaluated using a durometer. Preoperative MRI findings
were evaluated by a radiologist in terms of the apparent
diffusion coefficient (ADC) values, the relative signal
intensity decrease (RSID) of the pancreatic parenchyma,
and the diameter of the pancreatic parenchyma and
duct. Durometer measurement results, ADC values,
RSID, pancreatic duct and parenchyma diameters, and
the ratio of the diameters of the duct and parenchyma
were compared between pancreases judged to be soft
or hard pancreas on the palpation. A correlation analysis
was also performed between the durometer and MRI
measurements.

INTRODUCTION
The texture of the pancreas is an important pre
dictive factor for the development of postoperative
complications following pancreatic surgery. Postoperative
pancreatic leakage or fistula formation is more frequent
[1-5]
in soft pancreases than hard pancreases
. The
pancreatic texture is determined by a combination
of fatty infiltration and fibrotic change. A decreased
pancreatic fat content and increased fibrosis are
related to a harder pancreatic texture. A hard pancreas
resulting from fibrosis has a high suture-hold capacity
and low pancreatic juice secretion; thus, pancreatic
leaks or pancreatic fistulae occur less frequently in
[3,4,6-8]
patients with a hard pancreas
.
The texture of the pancreas can be evaluated
based on the histologic characteristics of the pancreas,
including the degrees of fibrosis and fatty infiltration.
However, a considerable amount of time is necessary
to acquire histologic results. Therefore, the most
commonly used method to assess pancreatic hardness
in practice is the surgeon’s subjective determination of
pancreatic hardness during the operation. Given that
a surgeon’s palpation-based determination may not be
reproducible, objective measurement using a durometer
[9]
was suggested . Durometric measurements correlated
well with surgeons’ palpation-based assessment and
[6,9]
histologic evaluation for fibrosis and fat content .
One additional benefit of the durometer is that the
durometer is easy to use, and quantitative assessment
is possible.
The surgeon’s palpation-based determination and
durometer measurement can both be performed
intraoperatively. If we could estimate the texture of the
pancreas preoperatively, it would be very helpful for
surgeons to prepare for the possibility of postoperative
pancreatic leakage or fistula. Magnetic resonance
imaging (MRI) is one possible candidate for the pre
operative evaluation of the texture of the pancreas.
Diffusion-weighted imaging (DWI) can be applied
[10-12]
to the pancreas to measure pancreatic fibrosis
.
The degree of fibrosis is negatively correlated with
[10,11]
apparent diffusion coefficient (ADC) values
. An
increase in the fat content is noted in soft pancreases,
and the fat content of the pancreas can be estimated
[13]
using in- and opposed-phase MRI . As pancreatic
hardness is caused by increased fibrosis, parenchymal
atrophy and duct dilatation resulting from fibrosis
are also important parameters to predict pancreatic
[14]
hardness . Therefore, the aim of this study was to
evaluate the correlation among the subjective palpationbased assessment, objective measurements using a

RESULTS
The palpation assessment classified 44 patients as
having a soft pancreas and 39 patients as having a
hard pancreas. ADC values were significantly lower
in the hard pancreas group. The ductal diameter and
duct-to-pancreas ratio were significantly higher in the
hard pancreas group. For durometer measurements, a
correlation analysis showed a positive correlation with
the ductal diameter and the duct-to-pancreas ratio and
a negative correlation with ADC values.
CONCLUSION
Hard pancreases showed lower ADC values, a wider
pancreatic duct diameter and a higher duct-to-pancreas
ratio than soft pancreases. Additionally, the ADC values,
diameter of the pancreatic duct and duct-to-pancreas
ratio were closely correlated with the durometer results.
Key words: Pancreas; Texture; Hardness; Magnetic
resonance imaging; Fistula
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The texture of the pancreas is an important
predictive factor for the development of postoperative
complications following pancreatic surgery. Durometric
measurements correlated well with surgeons’ palpationbased assessment of the hardness of pancreas and
histologic evaluation for fibrosis and fat content. If
we could estimate the texture of the pancreas pre
operatively, it would be very helpful for surgeons to
prepare for the possibility of postoperative pancreatic
leakage or fistula. Preoperative magnetic resonance
imaging (MRI) can be used to predict the hardness of
pancreas. Apparent diffusion coefficient (ADC) values
measured in MRI were significantly lower in the hard
pancreas than soft pancreas. The ductal diameter
and duct-to-pancreas ratio were significantly higher in
the hard pancreas. For durometer measurements, a
correlation analysis showed a positive correlation with
the ductal diameter and the duct-to-pancreas ratio and
a negative correlation with ADC values.
Hong TH, Choi JI, Park MY, Rha SE, Lee YJ, You YK, Choi
MH. Pancreatic hardness: Correlation of surgeon’s palpation,
durometer measurement and preoperative magnetic resonance
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PPPD, Whipple’s operation, and distal pancreatectomy
were performed by an expert surgeon in 67, 11 and
5 patients, respectively. The indications for surgery
included pancreatic cancers (n = 41), common bile
duct cancers (n = 30), cystic tumors of the pancreas (n
= 8), neuroendocrine tumors (n = 2), pancreatic duct
stricture (n = 1), and duodenal cancer (n = 1).

Measurement of pancreas stiffness (or intraoperative
texture analysis)

The surgeon who performed the operation subjectively
evaluated the pancreatic hardness by palpation during
the operation before resection of the pancreas. The
pancreatic hardness was classified into the following
four categories: very hard, hard, soft or very soft.
Objective measurement of the pancreatic hardness
was performed by the same surgeon during the
operation using a durometer. A Rex Durometer (Rex
Gauge, Buffalo Grove, IL, United States) was placed
perpendicular to the pancreatic parenchyma where no
tumor was located (Figure 1). The unit of the durometer
result was displayed using a 0- to 100-point scale in
durometer units (DU).

Figure 1 Measurement of pancreatic hardness by durometer during the
operation. A Rex Durometer (Rex Gauge, Buffalo Grove, IL, United States)
was placed perpendicular to the pancreatic parenchyma where no tumor was
located to measure the pancreatic hardness.

Table 1 Magnetic resonance imaging sequences and parameters
3-T system
TR
TE
ETL
Thickness (mm)
Slice gap
FOV (mm²)
Matrix size
NEX
b factor (s/mm2)

T2WI HASTE

T1WI

DWI

800
95
70
6
0
380 × 309
320 × 156
2

3.2
1.3
1
2.8
0
380 × 309
384 × 250
1

4500
56

MRI protocol

6
0
400 × 313
120 × 94
47
0, 500

All MRI examinations were performed using a 3-T MR
unit (Magnetom Verio; Siemens Healthcare, Erlangen,
Germany) with an 8-channel phase-array coil. The
detailed parameters of the routine MRI protocol are
summarized in Table 1. MR examination consisted
of fat-suppressed T2-weighted images, T1-weighted
images, chemical shift in- and opposed-phase images,
contrast-enhanced T1-weighted images with fat
suppression and diffusion-weighted images.

TR: Repetition time; TE: Echo time; ETL: Echo train length; FOV: Field
of view; HASTE: Half-Fourier acquisition single-shot turbo spin-echo;
NEX: Number of excitations; DWI: Diffusion-weighted image; T1WI: T1weighted image; T2WI: T2-weighted image.

durometer and MRI parameters for assessing pancreatic
hardness.

Image analysis

A radiologist with 7 years of experience performed
the image analysis. The ADC value of the pancreatic
parenchyma was measured three times using an
2
operator-defined irregular shaped ROI (50-100 mm )
on axial images. The mean and minimum ADC values
from the ROI with the smallest standard deviation
among the three measurements were used for ana
lysis. Estimation of the fat content in the pancreas
was performed using a previously suggested method
[13,15]
called relative signal intensity decrease (RSID)
.
The signal intensity (SI) of the spleen was used to
normalize the pancreatic SI. The RSID was calculated
using the following formula: RSID = 100 × (Pin/Sin
- Pop/Sop)/(Pin/Sin). Pin and Pop were the signal
intensities of the pancreas during in-phase and
opposed-phase imaging, respectively. Sin and Sop
were the signal intensities of the spleen during inphase and opposed-phase imaging. The diameters of
the pancreatic duct and pancreatic parenchyma at the
body-to-tail junction were measured to evaluate the
severity of pancreatic atrophy, and the ratio of duct to

MATERIALS AND METHODS
Study population

This retrospective study was approved by the
Institutional Review Board, and the requirement
for informed consent was waived. From September
2014 to November 2016, 145 patients underwent
some resection of the pancreas, including Whipple’s
operation, pylorus-preserving pancreatoduodenectomy
(PPPD), and distal pancreatectomy. Imaging analysis
could not be performed in 62 patients for following
reasons: there was no preoperative MRI (n = 32), the
preoperative MRI was performed at another hospital (n
= 18), DWI was not included in the preoperative MRI
(n = 6), the ADC value could not be measured due to
little residual pancreatic parenchyma (n = 5), and inand opposed-phase chemical shift images were not
included in the MRI (n = 1). Ultimately 83 patients (50
men and 33 women) with a mean age of 66.6 ± 10.3
years old (range, 34-89) were enrolled in this study.
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A
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D

Figure 2 Pancreas cancer with a hard pancreas. Magnetic resonance imaging of a 66-year-old male with pancreas head cancer who was found to have a hard
pancreas (durometer measurement: 18 DU). The diameters of the pancreatic duct and parenchyma were 8 mm and 21 mm, respectively (A). The apparent diffusion
coefficient value of the pancreatic parenchyma was 1.290 mm2/s (B). The signal intensity of the pancreas on in-phase imaging was 256.53 (C) and on opposed-phase
imaging was 254.80 (D).

parenchyma was calculated.

RESULTS

Statistical analysis

Subjective analysis of pancreatic hardness and image
analysis

The statistical review of the study was performed
by a biomedical statistician. Statistical analysis was
performed using SPSS 24.0 (IBM Corporation, Armonk,
NY, United States). A P value < 0.05 was considered
statistically significant.
Patients were classified into two groups as having
a soft or hard pancreas according to the surgeon’s
subjective assessment of pancreatic hardness. Both
very hard and hard pancreases were included in the
hard pancreas group, while both soft and very soft
pancreases were included in the soft pancreas group.
The durometer measurement, ADC value, RSID,
ductal diameter, parenchymal diameter and duct/
parenchyma ratio (D/P ratio) were compared between
the soft and hard pancreas groups using the MannWhitney U test. The Spearman correlation test was
used to evaluate the correlation between the ADC
value, RSID, diameters of the pancreatic parenchyma
and pancreatic duct or D/P ratio and the durometer
measurement. The association of each variable with
subjective pancreatic hardness was evaluated using
univariate logistic regression analysis. Variables with
statistical significance or borderline significance (P <
0.15) were used in the multivariate logistic regression
analysis.

WJG|www.wjgnet.com

The surgeon classified 39 patients as having a hard
pancreas and 44 patients as having a soft pancreas. The
duct diameter and D/P ratio in the hard pancreas group
were significantly greater than in the soft pancreas
group (P < 0.001). The mean and minimal ADC values
in the hard pancreas group were significantly lower
than in the soft pancreas group (P = 0.012, 0.004,
respectively) (Table 2). The RSID was not different
between two groups. Two representative cases are
displayed in Figures 2 and 3.

Durometer and image analysis

The durometer measurement was significantly lower
in the soft pancreas group [median 11, interquartile
range (IQR) 8-13] than in the hard pancreas group
(median 25, IQR 21-28) (P < 0.001). The mean
and minimal ADC were negatively correlated with
durometer measurement, and the correlation was
statistically significant (P < 0.040, r = -0.280 and P <
0.010, r = -0.223, respectively). The ductal diameter
showed a significant correlation with the durometer
measurement (P < 0.005, r = 0.303). There was
also significant correlation between the D/P ratio and
the durometer measurement (P < 0.019, r = 0.257)
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D

Figure 3 Pancreas cancer with a soft pancreas. Magnetic resonance imaging of a 74-year-old male with pancreas head cancer who was found to have a soft
pancreas (durometer measurement: 8 DU). The diameters of the pancreatic duct and parenchyma were 3 mm and 21 mm, respectively (A). The apparent diffusion
coefficient value of the pancreatic parenchyma was 1.398 mm2/s (B). The signal intensity of the pancreas on in-phase imaging was 291.40 (C) and on opposed-phase
imaging was 207.03 (D).

were used in the multivariate regression analysis. Only
ductal diameter remained significant after multivariate
regression analysis. These data are summarized in
Table 3.

Table 2 Comparison of parameters between two groups
based on the surgeon’s subjective analysis of the pancreas

Parenchyma diameter
Duct diameter
D/P ratio
ADCmean (mm2/s)
ADCmin (mm2/s)
RSID (%)

Soft (n = 44)

Hard (n = 39)

P value

15 (13-20.75)
3 (1-3)
0.13 (0.08-0.23)
1.62 (1.50-1.77)
1.51 (1.32-1.59)
10.2 (5.9-22.5)

15 (13-20)
5 (3-7)
0.25 (0.18-0.55)
1.45 (1.24-1.63)
1.27 (1.11-1.47)
15.2 (7.8-22.8)

0.791
< 0.001
< 0.001
0.012
0.004
0.174

DISCUSSION
In this study, three methods to measure the hardness of
the pancreas, including radiologic findings, durometer
measurements and surgeon palpation, were well
correlated with each other. Given that the durometer
measurement during the operation correlated well with
the surgeon’s subjective measurement, the durometer
could be considered a good objective measurement
method. Among the studied radiological factors, ductal
diameter was the factor that most highly correlated
with durometer measurement. The mean and minimal
pancreatic ADC values were negatively correlated with
durometer measurement to a statistically significant
extent. Therefore, preoperative radiologic evaluation
can be useful to predict the texture of the pancreas.
The single radiological factor that remained asso
ciated with pancreatic hardness after multivariate
regression was ductal diameter. More fibrosis of
the pancreas makes the pancreas harder, and duct
dilatation is aggravated as the pancreas atrophies and
[16]
fibrosis progresses . In our study, the diameter of
the pancreatic parenchyma was not correlated with
durometer measurement. Therefore, dilatation of

Data are presented as the median and interquartile range. D/P ratio:
Duct/parenchyma ratio; ADC: Apparent diffusion coefficient; ADCmean:
Mean ADC value; ADCmin: Minimal ADC value; RSID: Relative signal
intensity decreases.

(Figure 4). The diameter of the pancreatic parenchyma
and RSID were not correlated with the durometer
measurement (P = 0.724, r = 0.039 and P = 0.052, r
= 0.214, respectively).

Factors associated with pancreatic hardness

Univariate logistic regression analysis showed that duct
diameter, D/P ratio, and ADCmin were the factors that
were significantly associated with subjective pancreatic
hardness. Because the durometer measurement is
an objective measurement of the hardness of the
pancreas, it was excluded from the regression analysis.
These three significant factors and ADCmean, which
had borderline significance in the univariate analysis,
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Figure 4 Scatter plots of durometer measurements vs apparent diffusion coefficient values. The durometer results are statistically significantly correlated with
the mean apparent diffusion coefficient (ADC) (A), minimal ADC (B), duct-to-pancreas diameter ratio (C) and duct diameter (D).

Table 3 Univariate and multivariate regression analyses assessing the association between the factors and pancreatic hardness
Univariate
Parenchyma diameter
Duct diameter
D/P ratio
ADCmean (mm2/s)
ADCmin (mm2/s)
RSID (%)

Multivariate

Coefficient

SE

P value

Coefficient

SE

P value

-0.022
0.520
4.819
-0.001
-0.002
0.013

0.044
0.137
1.442
0.001
0.001
0.014

0.611
< 0.001
0.001
0.083
0.017
0.356

1.001
-3.616
0
-0.004
-

0.380
4.102
0.003
0.003

0.008
0.378
0.923
0.166

D/P ratio: Duct/parenchyma ratio; ADC: Apparent diffusion coefficient; ADCmean: Mean ADC value; ADCmin: Minimal ADC value; RSID: Relative signal
intensity decreases; SE: Standard error.

the duct is more important to predict fibrosis of the
pancreas. As post pancreatectomy fistulae develop
less frequently in fibrotic pancreases, duct dilatation
may be a predictive marker for pancreatic hardness
[6]
and risk of postoperative fistula .
There have been several studies regarding the
prediction of the texture of the pancreas using pre
operative MRI. Advanced MR techniques, such as
intravoxel incoherent motion (IVIM) and MR elasto
graphy (MRE), have been applied to evaluate pan
[17,18]
creas stiffness
. However, we used more common
techniques, including DWI and in- and opposed-phase
chemical shift images, because such emerging tech
niques are not generally available at all institutions.
Additionally, the unique feature of our study is the
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correlation between the MRI measurements and the
durometer measurements, which is the more intuitive
and direct parameter for the hardness of the pancreas.
Our results that the duct diameter and ADC were well
correlated with the durometer measurement may be
more useful clinically.
In this study, the ADC value was significantly
correlated with durometer measurement. The ADC
value was independently associated with pancreatic
fibrosis and pancreatic stellate cell activity, which is
known to produce desmoplasia in chronic pancreatitis
[10,11]
and pancreas cancer
. Considering pancreatic
hardness is associated with fibrosis, a low ADC value
due to a hard texture can be explained by the de
creased diffusion of water and the high density of
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fibrin within the tissue. The usefulness of the ADC
to evaluate for fibrosis or hardness of the tissue has
already been proven in other organs such as the liver
[19-21]
and kidney
. In our study, the minimal ADC value
showed a higher degree of correlation than the mean
ADC value. As the minimal ADC value indicates the
most severe diffusion restriction, this measurement
may represent the severity of the fibrosis more
accurately than the mean ADC value.
Pancreatic hardness can be associated with fibrosis
and fat content. In a previous study, the histological
fibrosis stage but not the histological fat fraction
differed among groups with different intraoperative
pancreatic textures. However, the fat fraction on MRI
was a significant factor that correlated with advanced
fibrosis of the pancreas, and the fat fraction increased
as the degree of fibrosis rose. Furthermore, the fat
fraction on histologic examination was not correlated
[18]
with a subjective assessment of pancreatic texture .
Our study showed similar results, and the RSID tended
to be higher in the hard pancreas group than in the
soft pancreas group, though the difference was not
statistically significantly different. A larger proportion
of fat in the tissue causes a greater signal decrease in
opposed-phase compared with in-phase imaging; thus,
a higher RSID means more fat in the tissue. Based on
these results, we assumed that the fat fraction of the
pancreas may be elevated with fibrosis and that the
fat fraction may not independently affect pancreatic
hardness.
There are several limitations in this study. First,
advanced radiologic techniques such as IVIM and
MRE were not applied. As they are relatively new and
highly costly, they are not commonly used in many
hospitals. Therefore, we thought that generally available
techniques including DWI and chemical shift imaging
were more useful clinically. Second, image analysis
was performed by one radiologist, and the durometer
measurements were performed by one surgeon. We
could not evaluate the reproducibility of these radiologic
and durometric analyses. However, repeated duro
meter measurement during the operation to evaluate
reproducibility was impossible as we did not want to
prolong operation time any more than strictly necessary.
As the radiologic and durometric assessments were
performed by experts, we believe that the repro
ducibility of the measurement was sufficiently high.
Third, considering the retrospective nature of this study,
selection bias cannot be avoided. Furthermore, many
candidates were not enrolled because of the lack of MRI
data. However, we enrolled almost all patients who had
data for durometer measurement and MRI to tried to
overcome this shortcoming.
In conclusion, hard pancreases showed lower
ADC values, wider pancreatic duct diameters and
higher duct-to-pancreas ratios than soft pancreases.
Additionally, the ADC value, pancreatic duct diameter
and duct-to-pancreas ratio also correlated well with
the durometer results.
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COMMENTS
COMMENTS
Background

The texture of the pancreas is an important predictive factor for the development
of postoperative complications following pancreatic surgery. Postoperative
pancreatic leakage or fistula formation is more frequent in soft pancreases than
hard pancreases. A hard pancreas resulting from fibrosis has a high suture-hold
capacity and low pancreatic juice secretion; thus, pancreatic leaks or pancreatic
fistulae occur less frequently in patients with a hard pancreas. A decreased
pancreatic fat content and increased fibrosis are related to a harder pancreatic
texture. The most commonly used method to assess pancreatic hardness
in practice is the surgeon’s subjective determination of pancreatic hardness
during the operation. Durometric measurements correlated well with surgeons’
palpation-based assessment and histologic evaluation for fibrosis and fat
content. Magnetic resonance imaging (MRI) is one possible candidate for the
preoperative evaluation of the texture of the pancreas. Diffusion-weighted
imaging (DWI) can be applied to the pancreas to measure pancreatic fibrosis

Research frontiers

Because surgical resection is the only treatment expecting cure in pancreatic
cancer, expanding indications of pancreatic surgery and reducing its
complication is very important and many researches are published recently.

Innovations and breakthroughs

Hard pancreases showed lower apparent diffusion coefficient (ADC) values,
a wider pancreatic duct diameter and a higher duct-to-pancreas ratio than
soft pancreases. Additionally, the ADC values, diameter of the pancreatic duct
and duct-to-pancreas ratio were closely correlated with the durometer results.
Therefore, hardness of pancreas could be predicted preoperatively with MRI,
which may be helpful surgeons to reduce surgery-related complications.
However, there was no study correlating the hardness of pancreas to MRI
findings.

Applications

If MRI is useful to predict the hardness of pancreas, it can help surgeons to
reduce surgery-related complications. The authors expect future researches
related to the complication rate of pancreatic surgery to the measurements from
durometer and MRI.

Terminology

DWI is an imaging method that uses the diffusion of water molecules to
generate contrast in MR images. It allows the mapping of the diffusion process
of molecules, mainly water, in biological tissues, in vivo and non-invasively.
ADC is a measure of the magnitude of diffusion (of water molecules) within
tissue, and is commonly clinically calculated using MRI with diffusion weighted
imaging. In- and opposed-phase: Because water and fat protons have slightly
different resonance frequencies, their spins go in- and out-of-phase with each
other as a function of time. On in-phase image, signals from water and fat are
in the same direction and the signal is addition of these two signals. However,
on opposed-phase, signals from water and fat are in the opposite direction and
cancel each other.

Peer-review

This work is a review on assessing the pancreatic hardness by examining the
pancreas using the durometer and MRI. Eighty three patients were involved in
this study and the authors concluded that hard pancreases showed lower ADC
values which correlated with the durometer results. This work has adequate
number of patients and an error analyses. It is very well prepared and the
conclusion is useful for the reader.
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Abstract
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AIM
To determine whether infection in patients with acute
severe alcoholic hepatitis (AAH) treated with corti
costeroids is associated with increased mortality.
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METHODS
Consecutive patients with AAH were treated with
steroids and recruited to the study. Clinically relevant
infections (body temperature > 38 ℃ or < 36 ℃ for
more than 4 h, ascitic neutrophil count > 0.25 ×
9
10 /L, consolidation on chest radiograph or clinically
relevant positive microbiological culture of bodily fluid)
were recorded prospectively. Clinical and laboratory
parameters were recorded and survival at 90 d and
6 mo was determined. Univariate analysis of factors
associated with 90-d mortality was performed and
significant variables included in a multivariate analysis.

Data sharing statement: The dataset is available from the
corresponding author on request.
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the use is non-commercial. See: http://creativecommons.org/
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RESULTS
Seventy-two patients were included in the final analysis
(mean age 47.9 years, 26% female, mean discriminant
function 53.0). Overall mortality in the group occurred
in 15 (21%), 23 (32%) and 31 (43%) at day 28, day
90 and 1 year respectively. 36 (50%) had a clinically
relevant infection during their hospitalisation (23 after
initiation of steroids). The median time to development
of incident infection after commencement of steroids
was 10 d. The commonest site of infection was ascites
(31%) and bacteraemia (31%) followed by urinary
tract (19%) and respiratory tract (8%). Forty-one
separate organisms were isolated in 33 patients; the
most frequent genus was Escherichia (22%) and
Enterococcus (20%). Infection was not associated
with 90-d or 1 year mortality but was associated with
higher creatinine, model for end-stage liver disease
and Lille score. Baseline urea was the only independent
predictor of 90-d mortality.

consumption . Despite improved recognition of and
research interest in the condition, mortality remains
high in patients with acute severe alcoholic hepatitis
(AAH; traditionally defined as having a discriminant
[2]
function > 32 ) with 90 d and 1 year mortality of
[3]
29% and 56% respectively . Data regarding cause of
death is challenging to capture but a Danish registry
study suggests that early mortality (within 84 d) is
mostly liver related (58%) or due to infection (20%)
while late mortality is also contributed to by cancer
[4]
and alcohol and 16% is still due to infection . Other
than abstinence from alcohol the only treatment with
a proven short-term survival benefit is corticosteroids
[5]
(steroids) . However, this benefit may be outweighed
by the increased risk of infection posed by steroid
treatment. Although some randomised controlled trials
(RCTs) have reported higher rates of infection in steroid
[3,6]
treated patients , it remains controversial whether
increased infections result in increased mortality.
Increased risk of mortality was clearly described
in a prospective cohort study in which infections that
developed after initiation of steroid treatment were
[7]
associated with increased 2 mo mortality . However,
adequately treated infections prior to commence
ment of steroids were not associated with increased
mortality risk. A retrospective cohort analysis also
demonstrated that infection at presentation or during
hospitalisation was associated with increased 1 year
mortality risk on univariate but not multivariate
[8]
analysis . However, only 43% of the cohort received
steroids and the interaction between steroids and
infection was not investigated. A recent sub-analysis
from the United Kingdom STOPAH trial data found that
prednisolone treatment was associated with increased
risk of infection in the post-treatment period and that
incident infection increased 28- and 120-d mortality
[9]
but this was independent of steroid treatment . A
meta-analysis of data from 12 RCTs including a steroid
arm did not demonstrate any increased infection or
mortality risk associated with steroids except with the
occurrence of fungal infections, which were uncommon
[10]
(9 out of 1062 patients) .
The inconsistency of these data may be explained
by poor recording of infections in clinical trials (which
do not always specify prospective collection of infection
information) and due to insufficient detail in retrospective
analyses. Here, we add to the existing literature with a
single centre prospective cohort of patients with AAH
including long-term follow-up data.

CONCLUSION
Clinically relevant infections are common in patients
with AAH but are not associated with increased 90-d or
1 year mortality.
Key words: Alcoholic hepatitis; Escherichia; Infection;
Lille score; Corticosteroids
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Corticosteroids are the only treatment shown
to improve outcome in patients with acute severe
alcoholic hepatitis (AAH) but may be associated
with increased rates of infection and mortality. In
this prospective cohort study of patients with AAH
treated with corticosteroids rates of clinically relevant
infections were accurately documented. Half of the
study participants developed an infection during their
hospitalisation with the commonest sites being ascites
and bacteraemia. Infection was associated with higher
creatinine, model for end-stage liver disease and lille
score but not with higher 90-d or 1 year mortality.
Infection is common in patients with AAH but is not
associated with increased mortality.
Dhanda AD, Sinha A, Hunt V, Saleem S, Cramp ME, Collins
PL. Infection does not increase long-term mortality in patients
with acute severe alcoholic hepatitis treated with corticosteroids.
World J Gastroenterol 2017; 23(11): 2052-2059 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i11/2052.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i11.2052

MATERIALS AND METHODS
This study was conducted in accordance with the
principles of the Declaration of Helsinki and was
approved by the NHS Health Research Authority (07/
Q2007/09). Written informed consent was obtained
from participants or, where they lacked capacity, assent
was obtained from a personal or nominated consultee.

INTRODUCTION
Alcoholic hepatitis is an acute syndrome characte
rised by recent onset jaundice and coagulopathy in a
patient with a history of prolonged and heavy alcohol
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spectrum antibiotics according to Trust protocol for at
least 48 h before being converted to oral antibiotics.
Steroids were not discontinued during or after incident
infections except in those in whom active treatment
was withdrawn and palliative care was initiated.
Routine laboratory data were collected at baseline,
day 7 and 28 of steroid treatment and survival status
was recorded at day 90, 6 and 12 mo. Survival was
determined by accessing Trust databases which are
linked to community databases and where necessary
by direct contact with the patient’s General Practitioner.
Alcohol consumption at follow-up was determined by
face-to-face or telephone consultations carried out
by the Alcohol Liaison Team at regular intervals after
hospital discharge.
Patients who did not receive prednisolone or in
whom investigators were blinded to their treatment
(where they also participated in the United Kingdom
STOPAH clinical trial) were excluded from this analysis.

Table 1 Patient characteristics at baseline (day 0 of steroid
treatment) and day 7 of steroid treatment (n = 72) and
survival at day 28, day 90 and 12 mo
Age
Male (%)
Baseline CRP (mg/L)
Baseline bilirubin (μmol/L)
Baseline albumin (g/L)
Baseline INR
Baseline PT (s)
Baseline urea (μmol/L)
Baseline creatinine (μmol/L)
Baseline WBC (× 109/L)
Day 7 bilirubin (μmol/L)
Baseline DF
Baseline GAHS
Baseline MELD
Lille score
Day 28 survival (%)
Day 90 survival (%)
12 mo survival (%)

47.9 ± 10.6
74
33 ± 26.8
294 ± 142
25 ± 7.7
1.9 ± 0.5
19.2 ± 4.6
3.9 ± 2.7
90 ± 56.6
9.1 ± 4.5
251 ± 174
53.0 ± 24.4
8.1 ± 1.4
22.3 ± 6.7
0.403 ± 0.350
21
32
43

CRP: C-reactive protein; INR: International normalised ratio; PT:
Prothrombin time; WBC: White blood count; DF: Discriminant function;
GAHS: Glasgow alcoholic hepatitis score; MELD: Model for end-stage
liver disease.

Statistical analysis

Patient characteristics, baseline laboratory parameters,
day 7 serum bilirubin levels and composite scores
[discriminant function (DF), Glasgow Alcoholic Hepatitis
Score (GAHS), Model for End-stage Liver Disease
[11]
(MELD) and Lille score ] were compared between
survivors and non-survivors at day 90 by univariate
analysis with Mann-Whitney U tests for continuous
data and Fisher Exact tests for categorical data. Terms
that were found to be significant at the 5% level
of significance were then included in a multivariate
regression model which used survival at day 90 as the
dependent variable.
Kaplan-Meier survival analysis was also performed
at day 90 and 1 year. Survival was compared between
patients with clinically relevant infection on admission,
post-steroid initiation and at any time by log-rank test.

Consecutive patients admitted to University Hos
pitals Bristol NHS Foundation Trust with AAH from
October 2007 to September 2015 were prospectively
recruited to this study. AAH was defined as new
onset jaundice (within the previous 3 mo) with serum
bilirubin > 80 µmol/L and coagulopathy in a heavy
drinker [more than 10 units alcohol (80 g ethanol)
daily in males and 7.5 units (60 g ethanol) in females
within the previous 4 wk]. Additionally, discriminant
[2]
function was greater than 32.
Clinically relevant infections were recorded at first
presentation and prospectively during hospital ad
mission and were defined as a body temperature >
38 ℃ or < 36 ℃ for more than 4 h, ascitic neutrophil
9
count > 0.25 × 10 /L, consolidation on chest radiograph
or clinically relevant positive microbiological culture of
bodily fluid.
All patients were screened for infection on ad
mission to hospital with chest radiograph, urinalysis,
ascitic fluid analysis (where ascites was present) and
peripheral blood cultures if body temperature was
greater than 38 ℃. In patients with temperature <
38 ℃ and negative infection screen, oral prednisolone
was commenced at a dose of 40 mg daily and con
tinued for 28 d. Patients with a positive infection
screen or body temperature > 38 ℃ were treated with
broad spectrum intravenous antibiotics according to
Trust protocol for at least 48 h before converting to
oral antibiotics. In these patients the 28 d course of
prednisolone was only started after temperature <
38 ℃ had been recorded for at least 48 h.
Patients who developed clinically relevant infection
after initiation of steroid treatment (incident infec
tions) were treated within 12 h with intravenous broad
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RESULTS
A total of 116 participants were recruited to the
study; 44 were excluded as treatment allocation was
blinded due to participation in the STOPAH trial (n =
42) or they did not receive prednisolone (n = 2; 1
with concurrent active hepatitis C infection and 1 with
a borderline DF which improved to less than 32 in
24 h without treatment). Therefore 72 patients were
included in the final analysis (mean age 47.9 years,
26% female, mean DF 53.0; table 1). Overall mortality
in the group occurred in 15 (21%), 23 (32%) and 31
(43%) at day 28, day 90 and 1 year respectively.
During the period of recruitment to the STOPAH
trial in our centre (April 2011 to December 2013), 27
patients who met the STOPAH trial selection criteria
were not recruited to it either due to patient choice or
because steroids were commenced prior to screening
and were hence included in the present study. These
patients represent a similar population to the study
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Figure 1 Site and causative bacterial genus of all clinically relevant infections during hospital admission for acute severe alcoholic hepatitis. A: The site
of clinically relevant infections (n = 36). The “Other” category includes gastrointestinal tract and cutaneous; B: The causative bacterial genus where identified by
microbiological analysis in 41 separate clinically relevant infections. The “Other Genus” group includes Acinebacter (n = 2), Haemophilus (n = 1), Clostridium difficile (n
= 2) and norovirus (n = 1); C: Catalase status of identified bacteria (n = 40).

participants recruited outside the STOPAH trial recruit
ment period in terms of age (49 vs 47, p = 0.87),
gender (26% vs 27% female, p = 1.0) and disease
severity (DF 53.7 vs 52.7, p = 0.46). Additionally,
there were no statistical differences between patients
in the current study and those recruited to the STOPAH
clinical trial from our centre (n = 42). Age was similar
(48 vs 51, p = 0.14) as was DF (53.0 vs 53.1, p = 0.88),
90 d mortality (23% vs 32%, p = 0.48) and 1 year
mortality (43% vs 42%, p = 1.0).

In those that developed incident infections after
initiation of steroids there were 9 cases of SBP, 4
urinary tract infections, 2 respiratory infections, 5
bacteraemias and 5 infections at other sites (2 ear
infections, 2 GI tract infections and 1 cellulitis). A
source of infection was not determined in 2 patients.
Four of these patients had non-concurrent infections at
more than one site.
Overall bacteraemia and SBP were the most
common sites of infection (11 each) followed by
urinary tract (7) and respiratory tract (3; figure
1A and Supplementary Table). The median time to
commencement of steroids from hospital admission
was 2 d (mean 2.4 d) in all patients. In those with
infection identified at the time of admission the median
time to commencement of steroids was 3 d (mean 5.0).
The median time to the first incident infection after
commencement of steroids was 10 d (range 2-42 d).

Clinically relevant infections occur in half of patients
with AAH

In total 36 patients (50%) had a clinically relevant
infection during their hospital stay with 8 (11%) on
admission, 7 (10%) prior to initiation of steroids
and 23 (32%) after initiation of steroids (including 2
who also had a separate infection on admission). On
admission, bacteraemia was present in 3 patients (all
Escherichia coli), spontaneous bacterial peritonitis
(SBP) in 2, respiratory infection in 1 and urinary tract
infection and SBP in 1. No obvious source of infection
could be identified in 1 patient.
Of the 7 patients who developed a clinically relevant
infection after admission but prior to initiation of steroids
3 were due to bacteraemia, 2 urinary tract infections, 1
gastrointestinal (GI) infection and 1 in whom no proven
source of infection was found.
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Commonest causative organisms are catalase positive

The causative bacterial genus was isolated from 41
separate clinically relevant infections in 33 individual
patients. The commonest genus was Escherichia (9;
22%) followed by Enterococcus (8, 20%), Streptococcus
(5; 12%) and Staphylococcus, Pseudomonas and
Micrococcus (4 each; 10%; figure 1B). Seven patients
had non-concurrent infections with more than 1 or
ganism and in 3 patients 2 organisms were identified
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model identified only urea as an independent predictor
of 90-d outcome (p = 0.01; table 3 and Supplementary
Table).

Table 2 Univariate analysis of variables at baseline and day
7 of steroid treatment to assess association with day 90
outcome
Day 90 outcome
Survivor
Non-survivor
(n = 49)
(n = 23)
Age (yr)
Gender (% male)
Sepsis on admission (%)
Sepsis at any time (%)
Sepsis after steroids (%)
CRP (mg/L)
Baseline bilirubin (µmol/L)
Baseline albumin (g/L)
Baseline INR
Baseline PT (s)
Baseline urea (µmol/L)
Baseline creatinine (µmol/L)
Baseline WBC (× 109/L)
Day 7 bilirubin (µmol/L)
Baseline DF
Baseline GAHS
Baseline MELD
Lille score

45
73
10
51
33
30
301
25
1.8
18.6
3.2
90
9
244
51.1
7.8
21.7
0.38

53
74
13
48
30
40
279
24
2
20.5
5.5
91
10
254
57.2
8.7
23.7
0.46

Infection does not predict short- or long-term survival

P value

In total 11 and 15 out of 36 patients who developed
infection died at 90 d or 12 mo respectively compared
to 12 and 16 out of 36 of the patients without infection.
Kaplan-Meier survival analysis from the time of steroid
commencement did not demonstrate a significant
survival difference between groups at any time. The
same was true in patients with clinically relevant
infection at the time of hospital admission (p = 0.26 at
90 d and p = 0.67 at 1 year; no censored data; figure
2A and B). There was neither a 90 d nor 1 year survival
difference in patients with and without an incident
infection after commencement of steroids (p = 0.78 at
90 d and p = 0.98 at 1 year; no censored data; figure
2C).

0.01
1.00
0.50
1.00
1.00
0.15
0.52
0.38
0.14
0.17
< 0.01
0.93
0.44
0.67
0.41
0.04
0.23
0.38

DISCUSSION
In this cohort of patients with AAH in which clinically
relevant infections were clearly defined and docu
mented prospectively, 50% developed an infection
during the study period which was not associated with
increased mortality at 90 d or 1 year. 11% of patients
presented with clinically relevant infection, 10%
developed infection after admission but prior to steroid
initiation and 32% developed an incident infection
during steroid treatment but the timing of infection
did not influence survival. In agreement with recently
published studies, Escherichia and Enterococcus genii
[12,13]
were the commonest bacterial pathogens isolated
.
The commonest site of infection was ascites (31%)
and 31% had bacterial septicaemia. In only 3 patients
a site of infection could not be identified.
Although this is a single centre study, the patient
cohort is representative of United Kingdom patients
with AAH with study selection criteria similar to the
[3]
recent STOPAH clinical trial . Mean age in this study
was 47.9 years (in comparison to 48.7 years in
STOPAH), with 74% male (68% male in STOPAH) and
mean discriminant function 53.0 (62.6 in STOPAH).
Mortality is also comparable with the STOPAH study
and other recent clinical trials with overall mortality
of 21%, 32% and 43% at day 28, day 90 and 1 year
[3,6,14,15]
respectively
. This study has the added advantage
over multicentre studies of having standardised patient
management by a small team of clinicians which
reduces variability in patient outcome.
Data regarding infection in AAH are sparse in the
literature and of varying quality. Uniquely, this study
has robustly prospectively recorded clinically relevant
infections. This is reflected in the higher rate of in
fections noted here compared to only 13% recorded in
the prednisolone treated patients in the STOPAH trial,
which was likely an underestimate of the true rate of
infection since it relied on clinician judgement to report

Continuous variables were compared by Mann-Whitney U test and
categorical data by Fisher Exact test. CRP: C-reactive protein; INR:
International normalised ratio; PT: Prothrombin time; WBC: White blood
count; DF: Discriminant function; GAHS: Glasgow alcoholic hepatitis
score; MELD: Model for end-stage liver disease.

from the same specimen. Four other infective organisms
were identified: Acinetobacter (2 cases), Clostridium
difficile (2 cases), Haemophilus and norovirus. Of the
36 patients with clinically relevant infections, 23 (64%)
had infections with catalase positive bacteria including 2
patients who had infections with both catalase negative
and positive organisms (figure 1C).

Clinically relevant infection is associated with high Lille
score

Clinically relevant infection was not significantly
associated with biochemical or haematological markers
of infection at baseline or day 7 of steroid treatment:
baseline C-reactive protein was 36 vs 30 g/L (p = 0.40),
baseline white blood count (WBC) was 9.9 vs 8.3 ×
9
9
10 /L (p = 0.14) and day 7 WBC was 13.4 x10 /L vs
9
10.5 × 10 /L (p = 0.08) in patients with infection vs no
infection respectively. However, presence of clinically
relevant infection was associated with higher creatinine
(105 vs 73 µmol/L, p = 0.01), MELD (23.9 vs 20.6, p
= 0.04) and Lille score (0.51 vs 0.28, p = 0.01) than
those without infection.

Urea is the only independent predictor of 90 d survival

Univariate analysis of patient characteristics, baseline
and day 7 biochemistry and composite scores identified
age, baseline urea and baseline GAHS as significantly
different between survivors and non-survivors at day
90 (table 2). GAHS was excluded from multivariate
analysis due to co-linearity with the other variables.
Applying age and urea to a multivariate regression
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Figure 2 Clinically relevant infection does not significantly affect early or late mortality. Kaplan-Meier survival curves of AAH patients with (n = 9) and without (n
= 63) clinically relevant infection at the time of hospital admission at 90 d (A) and 1 year (B); P = 0.26 and P = 0.67 respectively; C: One year survival of AAH patients
with (n = 23) and without (n = 48) clinically relevant infection after commencement of steroid treatment (P = 0.93). AAH: Acute severe alcoholic hepatitis.

Table 3 Multivariate regression analysis with 90 d outcome as the dependent variable and age and baseline urea as independent
variables

Model
Constant
Urea
Age

R2

Adjusted R

0.205

0.182

2

B

Std. Error

F

Sig

8.87

-0.351
0.054
0.010

0.425
0.234
0.020
0.005

< 0.001
0.138
0.010
0.071

The model generated accounted for approximately 20% of the dependent variable (R2 = 0.205). The model demonstrated that urea was the only statistically
significant predictor of 90 d outcome.
[3]

it as a serious adverse event .
A meta-analysis of 12 RCTs with sufficient infection
data (including the STOPAH study) described incident
infections occurring in 20% of patients without a higher
[10]
rate in steroid treated patients . The commonest
infection was sepsis of unknown source followed by
respiratory tract infections. It concluded that infection
after steroid commencement was not associated with
increased mortality at 28 d. However, the effect on
longer term mortality was not assessed and most of
the 12 studies were historic from more than 20 years
ago highlighting the fact that many recent studies
have not collected high quality data on infections.
A French single centre prospective study of 246
patients reported infection in 26% at presentation
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and 24% developed an incident infection after
[7]
commencement of steroid treatment . In agreement
with the current study SBP was once again the com
monest infection on admission but respiratory tract
infections were more common in those with incident
infection. Patients who had an infection at admission
had a similar outcome to other patients but those
who developed infection on steroid treatment had a
reduced 60-d survival. However, they demonstrated
that the biochemical response to steroids (using
the Lille score) and not infection itself was the most
important determinant of survival. A more recent RCT
also concluded that treatment non-responders rather
than responders were at higher risk of death from
[6]
infection (14% vs 4% ). In the present study, clinically
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Corticosteroids are the only treatment with a proven survival benefit but may be
associated with higher rates of infection. The current study describes clinically
relevant infections in a prospective cohort of patients at a large single National
Health Service hospital in the United Kingdom.

relevant infection at any time during hospital admission
was associated with a significantly higher Lille score.
Conversely, Lille non-responders (Lille score > 0.45)
had a trend to increased rates of clinically relevant
incident infection (48% vs 24%, p = 0.07) but the
Lille score itself was not identified as an independent
predictor of outcome. These data suggest there is an
interaction between biochemical response to treatment
and infection which influences survival. However, it
cannot be determined whether infection itself has an
effect on liver biochemistry or whether treatment nonresponse increases susceptibility to infection.
An increased infection rate is seen in patients with
AAH due to generalised immune dysfunction. Recent
studies have investigated the immune defect in more
detail and describe impaired monocyte oxidative
burst, phagocytic capacity as well as increased T
[12,16]
cell exhaustion
. The current data support these
findings since the majority of bacterial isolates were
able to produce catalase which is protective against
phagocytic oxidative burst. Interestingly these effects
[12]
were independent of steroid treatment
suggesting
that steroids do not increase susceptibility to infection
through this mechanism.
Local clinical protocols in our liver unit mean all
patients with clinically relevant infection are treated
rapidly (within 12 h) after first identification of infection.
Additionally, in those presenting with infection, steroids
were withheld until at least 48 h of intravenous broad
spectrum antibiotics had been received and they were
free from clinical signs of infection for this period. This
protocol was adhered to in all patients in this study. This
proactive antibiotic treatment policy may partly explain
why no increased risk of mortality is associated with
infection in these patients with AAH.
This prospective observational cohort study demon
strates that clinically relevant infections that are sought
and treated early with broad spectrum antibiotics do
not influence short- or long-term mortality in patients
with severe AAH treated with steroids. However, longterm mortality of patients with AAH remains high
primarily through alcohol recidivism and progressive
[3,4]
liver disease . Continuing efforts to improve longterm outcome from severe AAH should be directed to
modify behaviour after hospital discharge.

Research frontiers

The existing literature reports increased rates of infection associated with
corticosteroid treatment but there are conflicting data regarding whether this
is linked to higher mortality. This information is particularly relevant since it will
help guide clinician treatment of AAH.

Innovations and breakthroughs

The current study collected infection data prospectively using a clear definition
of clinically relevant infection. This is an improvement on previous studies which
have less robust definitions of infections, collected infection data retrospectively
or relied on clinician discretion to report relevant infections.

Applications

This study demonstrates that although clinically relevant infections are common
in AAH patients they are not associated with higher mortality if actively sought
and treated. These data will provide clinicians with more confidence to select
appropriate patients with AAH for treatment with corticosteroids.

Terminology

AAH is defined as new onset jaundice (within the previous 3 mo) with serum
bilirubin > 80 µmol/L and coagulopathy in a heavy drinker [more than 10 units
alcohol (80 g ethanol) daily in males and 7.5 units (60 g ethanol) in females
within the previous 4 wk]. Clinically relevant infections were defined as a body
temperature > 38 ℃ or < 36 ℃ for more than 4 h, ascitic neutrophil count >
0.25 × 109 L, consolidation on chest radiograph or clinically relevant positive
microbiological culture of bodily fluid.

Peer-review

Alcoholic hepatitis is still a clinical challenge, despite improved nutrition
management. The study carries important information also regarding the
aetiology of infectious complications, which would provide help on proper
antibacterial choice. The predictive value of urea is also very important in this
setting.
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Abstract

Informed consent statement: Informed consent was obtained
from all subjects before enrollment.

AIM
To elucidate the factors associated with residual
gastroesophageal reflux disease (GERD) symptoms
in patients receiving proton pump inhibitor (PPI)
maintenance therapy in clinical practice.

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest.
Data sharing statement: No additional data are available.

METHODS
The study included 39 GERD patients receiving main
tenance PPI therapy. Residual symptoms were assessed
using the Frequency Scale for Symptoms of GERD
(FSSG) questionnaire and the Gastrointestinal Symptom
Rating Scale (GSRS). The relationships between the
FSSG score and patient background factors, including
the CYP2C19 genotype, were analyzed.

Open-Access: This article is an open-access article which was
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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[1,2]

RESULTS
The FSSG scores ranged from 1 to 28 points (median
score: 7.5 points), and 19 patients (48.7%) had a
score of 8 points or more. The patients’ GSRS scores
were significantly correlated with their FSSG scores
(correlation coefficient = 0.47, P < 0.005). In erosive
esophagitis patients, the FSSG scores of the CYP2C19
rapid metabolizers (RMs) were significantly higher than
the scores of the poor metabolizers and intermediate
metabolizers (total scores: 16.7 ± 8.6 vs 7.8 ± 5.4, P
< 0.05; acid reflux-related symptom scores: 12 ± 1.9
vs 2.5 ± 0.8, P < 0.005). In contrast, the FSSG scores
of the CYP2C19 RMs in the non-erosive reflux disease
patients were significantly lower than those of the other
patients (total scores: 5.5 ± 1.0 vs 11.8 ± 6.3, P < 0.05;
dysmotility symptom-related scores: 1.0 ± 0.4 vs 6.0 ±
0.8, P < 0.01).

toms and complications . In GERD patients, reflux of
gastric juice and other fluid causes not only mucosal
injuries but also esophageal dysmotility associated
with endogenous cytokines, which in turn leads to
[3-6]
the appearance of GERD symptoms . Proton pump
inhibitors (PPIs) are used as first-choice drugs for
[7-9]
GERD patients . However, the efficacy of PPIs differs
among patients depending on background factors,
including genetic polymorphisms of cytochrome P450
(CYP) 2C19, which participates in the metabolic clea
[10-15]
rance and effectiveness of PPIs
. Moreover, nonerosive reflux disease (NERD) is more difficult to treat
[16-18]
using PPIs than erosive esophagitis (EE)
. In clinical
practice, GERD patients are not necessarily treated
using strategies that take into account their individual
backgrounds. Therefore, some cases might be treated
[19]
for a long time without sufficient effects . However,
few reports have evaluated residual GERD symptoms
in patients receiving maintenance therapy tailored
to CYP2C19 genetic polymorphisms and endoscopic
findings.
In this study, we investigated the residual symp
toms of GERD patients receiving PPI maintenance
therapy in clinical practice using the Frequency Scale
for Symptoms of GERD (FSSG) questionnaire and
the Gastrointestinal Symptom Rating Scale (GSRS).
Additionally, we evaluated the relationships between
the FSSG score and patient background factors,
including the CYP2C19 genotype.

CONCLUSION
Approximately half of the GERD patients receiving
maintenance PPI therapy had residual symptoms
associated with a lower quality of life, and the CYP2C19
genotype appeared to be associated with these residual
symptoms.
Key words: Gastroesophageal reflux disease; CYP2C19;
FSSG; Residual symptoms; Proton pump inhibitor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The relationships between residual gastro
esophageal reflux disease (GERD) symptoms in patients
receiving proton pump inhibitor (PPI) maintenance
therapy and patient background factors, including the
CYP2C19 genotype, were evaluated. Approximately
half of the GERD patients receiving maintenance PPI
therapy had residual symptoms associated with a
lower quality of life. Although the CYP2C19 genotype
appeared to be associated with these residual symp
toms, the impact in the erosive esophagitis patients
was distinct from the impact in the non-erosive reflux
disease patients.

MATERIALS AND METHODS
Subjects

This study was conducted between February 2011
and March 2012. The study protocol was approved
by the ethics committee of Kobe University Hospital,
and all patients provided written informed consent
before enrollment. Thirty-nine GERD patients receiving
maintenance PPI therapy at Kobe University Hospital
(Kobe-shi, Hyogo, Japan) were enrolled in this study.
[20,21]
The FSSG questionnaire
, which consists of 12
questions related to 7 acid reflux symptoms (RS) and
5 dysmotility-like symptoms (DS), was used to assess
the GERD symptoms. The total FSSG score, FSSG-RS
score, and FSSG-DS score were defined as the scores
obtained by adding the scores from the 12 questions,
the 7 acid reflux symptom-related questions, and the
5 dyspeptic symptom-related questions, respectively.
[22,23]
Additionally, the GSRS questionnaire
was
used to assess the patients’ health-related quality of
life (QOL). The CYP2C19 genotypes were determined
using the polymerase chain reaction-restriction
fragment length polymorphism technique with allelespecific primers using a DNA sample extracted from
each patient’s peripheral blood leukocytes. Based on
the finding of the wild-type allele or the two mutated
alleles (*2 and *3), the patients were classified as
rapid metabolizers (RM: homozygous for the wild-

Kawara F, Fujita T, Morita Y, Uda A, Masuda A, Saito M, Ooi
M, Ishida T, Kondo Y, Yoshida S, Okuno T, Yano Y, Yoshida
M, Kutsumi H, Hayakumo T, Yamashita K, Hirano T, Hirai M,
Azuma T. Factors associated with residual gastroesophageal
reflux disease symptoms in patients receiving proton pump
inhibitor maintenance therapy. World J Gastroenterol 2017;
23(11): 2060-2067 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i11/2060.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.2060

INTRODUCTION
Gastroesophageal reflux disease (GERD) encompasses
disorders in which gastric reflux leads to various symp
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0.05 indicated statistical significance.

Table 1 Clinical characteristics of gastroesophageal reflux
disease patients
Background factors
Erosive esophagitis/NERD
Gender (male/female)
Atrophic gastritis (+/-)
Hiatal hernia (+/-)
Alcohol consumption habit (+/-/unknown)
Smoking habit (+/-/unknown)
PPI types (omeprazole/lansoprazole/
rabeprazole/unknown)
PPI dose (half/full/double/unknown)
Concomitant drug against GERD (+/-)
Ca antagonist (+/-)
ASA (+/-)
NSAIDs (+/-)
CYP2C19 genotype (RM/IM/PM/unknown)
Maintenance PPI therapy period
(< 6 mo/6-12 mo/> 12 mo)
Age (mean ± SD)
BMI (mean ± SD)

RESULTS

The number of applicable
subjects for the factor

Clinical characteristics of the GERD patients

19/20
17/22
20/19
24/15
16/21/2
4/33/2
5/11/22/1

The clinical characteristics of the GERD patients are
shown in Table 1. The patients were divided into 19
EE patients and 20 NERD patients according to the
endoscopic findings. The mean age of the patients was
68.5 ± 11.9 years, with a range from 40 to 84 years.
Prokinetic agents were the most common concomitant
drugs used together with PPIs for the GERD patients
(25.6%, 10/39). Other common concomitant drugs
were histamine H2-receptor antagonists (H2RAs),
gastro-protective agents and kampo medicine (herbal
medicine).

8/26/4/1
14/25
15/24
7/32
2/37
13/20/5/1
3/1/35

Correlation between the FSSG and GSRS scores

The total FSSG scores of the patients ranged between
1 and 28 points. The average total FSSG score was
10.6 ± 7.3 points, and the median was 7.5 points.
Nineteen (11 EE and 8 NERD) patients (48.7%) had a
total FSSG score of more than 8 points, and 11 (6 EE
and 5 NERD) patients (28.2%) had a score of more
than 16 points (Figure 1). As shown in Figure 2, the
total FSSG scores significantly correlated with the
total GSRS scores (P < 0.005). Similarly, significant
correlations were observed in both the EE and NERD
patients (P < 0.01 and P < 0.05).

68.5 ± 11.9
22.7 ± 3.1

GERD: Gastroesophageal reflux disease; NERD: Non-erosive reflux
disease; PPI: Proton pump inhibitor; ASA: Acetylsalicylic acid; NSAIDs:
Non-steroidal anti-inflammatory drugs; CYP2C19: Cytochrome P450
2C19; RM: Rapid metabolizer; IM: Intermediate metabolizer; PM: Poor
metabolizer; BMI: Body mass index.

type allele), intermediate metabolizers (IM: carrier of
only one mutated allele), or poor metabolizers (PM:
[24-27]
homozygous for the mutated allele)
. We examined
the patients’ medical records and investigated their
clinical characteristics, including gender, age, BMI,
alcohol consumption habits, smoking habits, PPI
doses, use of concomitant drugs against GERD, use
of Ca antagonists, acetylsalicylic acid (ASA) and nonsteroidal anti-inflammatory drugs (NSAIDs), and
endoscopic findings (atrophic gastritis and hiatal
hernia). Hiatal hernia was diagnosed based on a
proximal translocation of the esophagogastric junction
of more than 2 cm above the diaphragmatic hiatus.
Patients with an atrophic mucosa endoscopically
graded as C-2, C-3, O-1, O-2, and O-3 according to
[28]
the Kimura-Takemoto classification
were defined as
positive for atrophic gastritis. Patients with esophageal
mucosal breaks were classified into the EE group
[Modified Los Angeles (LA) classification grades A, B, C
and D], and the remaining patients were classified into
[3,29,30]
the NERD group (grades N and M)
.

Correlation between the CYP2C19 genotype and the
FSSG score in the EE and NERD patients

Tables 2 and 3 show bivariate analyses of the factors
associated with the FSSG scores in the EE and NERD
patients, respectively. The CYP2C19 genotype was
a significant factor associated with the FSSG score
in both the EE and NERD patients. Subjects with the
CYP2C19 RM genotype in the EE patient group had
significantly higher FSSG scores than the EE subjects
with the other CYP2C19 genotypes (16.7 ± 8.6 vs
7.8 ± 5.4, P = 0.0415). In contrast, the subjects with
the CYP2C19 RM genotype in the NERD patient group
had significantly lower FSSG scores than the NERD
subjects with the other CYP2C19 genotypes (5.5 ± 1.0
vs 11.8 ± 6.3, P = 0.0151) (Figure 3).
We also examined the correlation between the
CYP2C19 genotypes and the FSSG-RS or FSSG-DS
scores in the EE and NERD patients. In the EE patients,
the FSSG-RS scores of the subjects with the CYP2C19
RM genotype were significantly higher than those of
the subjects with the other CYP2C19 genotypes (11 ±
1.9 vs 3.8 ± 0.8, P = 0.0044). In contrast, the FSSGDS scores of the NERD patients with the CYP2C19 RM
genotype were significantly lower than the scores of
the NERD subjects with the other CYP2C19 genotypes
(1.3 ± 0.4 vs 5.2 ± 0.8, P = 0.0069).
Significant differences in the FSSG-RS scores in
the EE patients (RM: 11.0 ± 1.9, IM: 3.6 ± 0.9, PM:

Statistical analysis

Spearman’s rank correlation coefficient was used to
assess the correlation between the FSSG and GSRS
scores in the GERD patients. A bivariate analysis
(Mann-Whitney U test, Pearson’s correlation coefficient,
or Kruskal-Wallis test) was performed to assess
differences in the FSSG scores (total score, RS score or
DS score) and background factors in the EE and NERD
patients. All statistical analyses were performed using
JMP 10 (SAS Institute, Cary, NC, United States). P <
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P = 0.0415

16

P = 0.0151 Total FSSG scores
RM
IM + PM

25

12

20

10

FSSG scores

The number of the patients

14

8
6
4

15
10
5

2

0

0

0-3

4-7

EE

NERD

8-11   12-15 16-19 20-23 24-27 28

Figure 3 Correlation between the cytochrome P450 2C19 genotype
and the total frequency scale for symptoms of gastroesophageal reflux
disease score in the erosive esophagitis and non-erosive reflux disease
patients. FSSG: Frequency scale for symptoms of gastroesophageal reflux
disease; EE: Erosive esophagitis; NERD: Non-erosive reflux disease; RM:
Rapid metabolizer; IM: Intermediate metabolizer; PM: Poor metabolizer.

FSSG scores

Figure 1 Distribution of frequency scale for symptoms of gastro
esophageal reflux disease scores in the present study. FSSG: Frequency
scale for symptoms of gastroesophageal reflux disease.
4.5

In the analyses that divided the GERD patients into
EE and NERD patients, the CYP2C19 genotype was the
only significant factor associated with the total FSSG
score in both groups of patients. CYP2C19 genetic
polymorphisms have been reported to influence the
effects of therapy on reflux symptoms and the healing
[10,27,32]
of mucosal injuries
. However, few studies have
evaluated the relationship between the CYP2C19
genotype and GERD symptoms in GERD patients
(including NERD patients) receiving PPI maintenance
therapy. In the present study, the impact of CYP2C19
genetic polymorphisms in EE patients was quite
different from the impact in NERD patients. The total
FSSG and FSSG-RS scores of the EE subjects with the
CYP2C19 RM genotype were significantly higher than
the scores of the EE subjects with the other CYP2C19
genotypes. These results are consistent with previous
reports that insufficient acid inhibition is achieved by
PPI in patients with the CYP2C19 RM genotype, which
[33,34]
lowers the healing rate of EE
. Increasing the PPI
dose in EE patients with the CYP2C19 RM genotype
may improve their GERD symptoms.
In contrast, the total FSSG and FSSG-DS scores
of the NERD subjects with the CYP2C19 RM genotype
were significantly lower than the scores of the subjects
with the other CYP2C19 genotypes in this study,
suggesting that subjects with the CYP2C19 PM or
CYP2C19 IM genotype receiving PPI maintenance
therapy might suffer more frequently from GERDrelated dyspeptic symptoms. However, this finding
is difficult to explain because the CYP2C19 genotype
has not been reported to be associated with the
[17]
therapeutic outcomes in NERD patients . Certain
biological phenomena, such as reflux of digestive juices
[4,35]
[36]
except gastric acid
, mucosal hypersensitivity ,
[37]
esophageal dysmotility and psychological factors ,
are thought to cause symptoms in patients with NERD
[38]
who are refractory to PPI therapy . CYP2C19 gene
polymorphisms might be a risk factor for PPI-refractory
NERD through the biological phenomena mentioned
above. An increase in the PPI dose in NERD patients

4.0

GSRS scores

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

0

5

10

15

20

25

30

FSSG scores

Figure 2 Correlation between the frequency scale for symptoms of
gastroesophageal reflux disease and gastrointestinal symptom rating
scores. FSSG: Frequency scale for symptoms of gastroesophageal reflux
disease; GSRS: Gastrointestinal Symptom Rating Scale.

4.5 ± 1.5, P = 0.0147) and the FSSG-DS scores in the
NERD patients (RM: 1.3 ± 0.4, IM: 4.7 ± 0.8, PM: 7.0
± 2.3, P = 0.0177) were also observed in the bivariate
analyses among the three CYP2C19 genotypes.

DISCUSSION
This study clarified the actual state of residual GERD
symptoms in patients receiving PPI maintenance
therapy in clinical practice and assessed the relation
ships between background factors, including the
CYP2C19 genotype, and residual GERD symptoms.
The FSSG questionnaire was used to assess
residual GERD symptoms in this study because this
questionnaire has been reported to be useful for the
evaluation of these symptoms and has been used in
[20,21]
clinical practice
. The investigation using the FSSG
questionnaire revealed that approximately half of the
GERD patients receiving PPI maintenance therapy
had residual GERD symptoms that led to a lower
[31]
health-related QOL. McColl et al
reported that the
agreement between clinicians and patients in their
assessments of the severity of reflux symptoms was
poor and that clinicians tended to underestimate the
severity of patients’ GERD symptoms.
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Table 2 Bivariate analysis of background factors associated with frequency scale for symptoms of gastroesophageal reflux disease
scores in the erosive esophagitis patients
Background factors

FSSG scores of the applicable subjects for the
factor [mean ± SD (the number)]

FSSG scores of the inapplicable subjects for the
factor [mean ± SD (the number)]

P value

11.4 ± 8.0 (9)
9.0 ± 9.0 (7)
9.1 ± 7.2 (12)
10.8 ± 8.1 (10)
10.3 ± 8.7 (3)
5.5 ± 0.7 (2)
11.2 ± 8.8 (12)
15.6 ± 8.5 (8)
10.2 ± 5.7 (6)
4.0 ± 2.8 (2)
8.0 (1)
16.7 ± 8.6 (7)
ρ = -0.4083
ρ = -0.1490

10.8 ± 8.1 (10)
12.3 ± 7.2 (12)
14.6 ± 8.2 (7)
11.4 ± 8.0 (9)
11.3 ± 8.0 (16)
11.3 ± 8.1 (16)
9.7 ± 6.1 (6)
7.8 ± 5.6 (11)
11.5 ± 8.8 (13)
11.9 ± 7.9 (17)
11.3 ± 8.0 (18)
7.8 ± 5.4 (12)

0.9673
0.2696
0.0817
0.6225
0.9552
0.5251
0.9625
0.0512
1.0000
0.1610
1.0000
0.0415
0.0826
0.5428

Gender (male)
Atrophic gastritis
Hiatal hernia
Alcohol consumption habit
Smoking habit
Use of half dose of PPI
Use of rabeprazole
Concomitant drug against GERD
Use of Ca antagonist
Use of ASA
Use of NSAIDs
CYP2C19 RM genotype
Age
BMI

FSSG: Frequency scale for symptoms of gastroesophageal reflux disease; PPI: Proton pump inhibitor; ASA: Acetylsalicylic Acid; NSAIDs: Non-steroidal
anti-inflammatory drugs; CYP2C19: Cytochrome P450 2C19; RM: Rapid metabolizer; IM: Intermediate metabolizer; PM: Poor metabolizer; BMI: Body mass
index.

Table 3 Bivariate analysis of background factors associated with frequency scale for symptoms of gastroesophageal reflux disease
scores in the non-erosive reflux disease patients
Background factors

FSSG scores of the applicable subjects for the
factor [mean ± SD (the number)]

FSSG scores of the inapplicable subjects for the
factor [mean ± SD (the number)]

P value

6.5 ± 5.2 (8)
9.6 ± 6.7 (13)
7.1 ± 5.0 (12)
9.0 ± 6.8 (6)
6.0 (1)
7.2 ± 5.7 (6)
11.8 ± 7.0 (10)
10.5 ± 6.7 (6)
9.0 ± 6.2 (9)
9.6 ± 6.0 (5)
18.0 (1)
5.5 ± 1.0 (6)
ρ = 0.0963
ρ = -0.3714

11.3 ± 6.2 (12)
9.0 ± 5.4 (7)
12.9 ± 6.4 (8)
10.2 ± 6.4 (12)
10.0 ± 6.5 (17)
10.4 ± 6.3 (14)
7.0 ± 4.3 (10)
8.9 ± 6.1 (14)
9.7 ± 6.4 (11)
9.3 ± 6.4 (15)
8.9 ± 6.0 (19)
11.8 ± 6.3 (13)

0.0807
0.9365
0.1510
0.4221
0.6270
0.2454
0.2095
0.5896
0.5159
0.8262
0.2568
0.0151
0.6863
0.1069

Gender (male)
Atrophic gastritis
Hiatal hernia
Alcohol consumption habit
Smoking habit
Use of half dose of PPI
Use of rabeprazole
Concomitant drug against GERD
Use of Ca antagonist
Use of ASA
Use of NSAIDs
CYP2C19 RM genotype
Age
BMI

FSSG: Frequency scale for symptoms of gastroesophageal reflux disease; NERD: Non-erosive reflux disease; PPI: Proton pump inhibitor; ASA:
Acetylsalicylic Acid; NSAIDs: Non-steroidal anti-inflammatory drugs; CYP2C19: Cytochrome P450 2C19; RM: Rapid metabolizer; IM: Intermediate
metabolizer; PM: Poor metabolizer; BMI: Body mass index.

with the CYP2C19 PM or CYP2C19 IM genotype is
unlikely to improve their GERD symptoms. Regarding
therapy for NERD patients, multifaceted approaches
that include not only gastric acid suppression but
also lifestyle improvement, clinical management of
psychogenic factors and the use of concomitant drugs,
[39-42]
such as kampo medicine, are desirable
.
In Japan, the number of patients with GERD is
expected to increase in the future due to the reduc
tion of Helicobacter pylori infection, the spread of a
Westernized diet, the increase in the aging population
and the increase in gastric acid secretion in the younger
[43-45]
generation
. Treatment of GERD symptoms is a
clinically important issue because the health-related
QOL of GERD patients is reduced in proportion to the
extent of GERD symptoms, and ideally, tailored therapy

WJG|www.wjgnet.com

based on the characteristics of each patient should be
provided. To this end, quantifying GERD symptoms
using a tool such as the FSSG questionnaire and making
a differential diagnosis of EE and NERD are useful
approaches. Furthermore, testing for the CYP2C19
genotype may be useful for treatment strategy decisions
for PPI-refractory GERD patients. Other treatments that
are not gastric acid inhibitory drugs may be required for
PPI-refractory NERD patient with the CYP2C19 IM or PM
genotype.
The present study has several limitations. The
number of subjects was not large, which may have
influenced the statistical analyses. The diagnosis of
NERD was confirmed only by the medical history and
the endoscopic findings. Further studies with a larger
number of subjects are needed to clarify the relationship
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between the CYP2C19 genotype and the residual
symptoms of GERD patients receiving maintenance PPI
therapy.
In conclusion, approximately half of the GERD
patients receiving maintenance PPI therapy had residual
symptoms associated with a lower quality of life.
Although CYP2C19 genetic polymorphisms appeared to
be associated with these residual symptoms, the impact
of the genetic polymorphisms differed significantly
between the EE and NERD patients. NERD patients
with the CYP2C19 IM or PM genotype might require
additional treatment other than PPIs. Further studies on
the usefulness of the treatment strategy tailored to the
CYP2C19 genotype are required for PPI-refractory GERD
patients.
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Background

In the clinical practice of maintenance proton pump inhibitor (PPI) therapy
for gastroesophageal reflux disease (GERD) patients, some cases might be
treated for a long time without sufficient effects.
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Research frontiers

8

Few reports have evaluated the relationship between the cytochrome P450
2C19 (CYP2C19) genotype and GERD symptoms in patients, including nonerosive reflux disease (NERD) patients, receiving PPI maintenance therapy.

Innovations and breakthroughs
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In this study, the impact of CYP2C19 genetic polymorphisms differed
significantly between the erosive esophagitis (EE) and NERD patients. In the
EE patients, the Frequency Scale for Symptoms of GERD (FSSG) scores of the
CYP2C19 rapid metabolizers (RMs) were significantly higher than the scores of
the poor and intermediate metabolizers. In contrast, in the NERD patients, the
FSSG scores of the CYP2C19 RMs were significantly lower than the scores of
the other groups.
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Applications

Testing of the CYP2C19 genotype may be useful when determining a treatment
strategy for PPI-refractory GERD patients.
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Terminology

Genetic polymorphisms of CYP2C19 participate in the metabolic clearance and
effectiveness of PPIs.

Peer-review

This is a well-designed study that investigates a common problem facing
gastroenterologists and other treating physicians of GERD. The manuscript is
well written; the results are well explained, the discussion is exhaustive, and the
limitations of the study are clearly stated.
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not been clarified. Then, we weighed DG against TG
to determine pure influence of whether presence
or absence of remaining stomach (as the reservoir
capacity) by employing the same reconstruction route.
Moreover, we reinforced the findings by multivariable
analysis including other clinical factors, and defined
the effect sizes of each variable in the unprecedented
examination with large number cases using newly
developed Postgastrectomy Syndrome Assessment
Scale-45.
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Abstract
AIM
To investigate the detrimental impact of loss of re
servoir capacity by comparing total gastrectomy
(TGRY) and distal gastrectomy with the same Rouxen-Y (DGRY) reconstruction. The study was conducted
using an integrated questionnaire, the Postgastrectomy
Syndrome Assessment Scale (PGSAS)-45, recently
developed by the Japan Postgastrectomy Syndrome
Working Party.

Takahashi M, Terashima M, Kawahira H, Nagai E, Uenosono Y,
Kinami S, Nagata Y, Yoshida M, Aoyagi K, Kodera Y, Nakada K.
Quality of life after total vs distal gastrectomy with Roux-en-Y
reconstruction: Use of the Postgastrectomy Syndrome Assessment
Scale-45. World J Gastroenterol 2017; 23(11): 2068-2076
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i11/2068.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i11.2068

METHODS
The PGSAS-45 comprises 8 items from the Short
Form-8, 15 from the Gastrointestinal Symptom Rating
Scale, and 22 newly selected items. Uni- and multi
variate analysis was performed on 868 questionnaires
completed by patients who underwent either TGRY (n
= 393) or DGRY (n = 475) for stage I gastric cancer
(52 institutions). Multivariate analysis weighed of six
explanatory variables, including the type of gastrectomy
(TGRY/DGRY), interval after surgery, age, gender,
surgical approach (laparoscopic/open), and whether
the celiac branch of the vagus nerve was preserved/
divided on the quality of life (QOL).

INTRODUCTION
The five-year overall survival rate of stage I gastric
cancer patients who undergo gastrectomy with sufficient
lymphadenectomy has been shown to exceed 90% in
[1]
Japan . Maintaining quality of life (QOL) after surgery
is an important issue for patients who are eventually
cured, and several surgical procedures have been
developed to minimize the influence of postgastrectomy
syndromes (PGS).
The severity of PGS after total gastrectomy
(TG) is clinically recognized to be greater than after
distal gastrectomy (DG). And a functional analysis
has demonstrated the significant interrelationship
between weight loss and esophageal bile reflux after
[2]
TG . Recently, combined questionnaires using the
EORTC QLQ-C30 and QLQ-STO22 have demonstrated
the differences of several upper-gastrointestinal
symptoms associated with distal, proximal and total
[3]
gastrectomy . However, other study using same
combined QOL questionnaires have failed to reveal
[4]
significant differences in QOL scores among them.
Such a discrepancy may have arisen from a lack of
adequate instruments for evaluating the QOL in the
postgastrectomy patients.
The Japan Postgastrectomy Syndrome Working
Party (JPSWP) was founded to more closely investigate
the symptoms and lifestyle changes of patients who
had undergone gastrectomy. This group collaboratively
developed a novel questionnaire [Postgastrectomy
Syndrome Assessment Scale (PGSAS)-45] to evaluate
the symptoms, living status, and QOL of gastre
[5]
ctomized patients . In this study, we firstly focused
the strength and extent of detrimental impact of
TG against DG, in which the reservoir capacity is
maintained by the remaining stomach, with the same
Roux-en-Y reconstruction route, using multi-variate

RESULTS
The patients who underwent TGRY experienced
the poorer QOL compared to DGRY in the 15 of 19
main outcome measures of PGSAS-45. Moreover,
multiple regression analysis indicated that the type
of gastrectomy, TGRY, most strongly and broadly
impaired the postoperative QOL among six explanatory
variables.
CONCLUSION
The results of the present study suggested that TGRY
had a certain detrimental impact on the postoperative
QOL, and the loss of reservoir capacity could be a
major cause.
Key words: Postgastrectomy syndrome; Quality of life;
Gastric cancer; Gastrectomy; Patient-reported outcome
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The influence of postgastrectomy syndrome
after total gastrectomy (TG) is believed to be more
intense than that after distal gastrectomy (DG).
However, the precise features and the degree of inter
ference with quality of life after TG against DG have
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analyses including other clinical factors influencing
[6]
QOL .

at each institution. Written informed consent was
obtained from all the enrolled patients.
PGSAS-45 questionnaires were distributed to
2922 patients between July 2009 and December
2010. Among the 2520 (86%) patients who returned
completed questionnaires, 152 were determined to
be ineligible because of age (older than 75 years,
n = 90), postoperative period > 1 year (n = 29),
resection of other organs (n = 8), or other factors (n
= 25). The data and responses from the remaining
2368 patients (81%) were eligible for subsequent
analyses. In the current study, data from 868 patients
who underwent either total gastrectomy (TGRY, n =
393) or distal gastrectomy (DGRY, n = 475), all with
Roux-en-Y reconstruction, were retrieved from the
database and analyzed. Other data from 1500 patients
who underwent distal gastrectomy with Billroth-I
reconstruction (DGBI, n = 909), pylorus preserving
gastrectomy (PPG, n = 313, proximal gastrectomy (PG,
n = 193) or local resection (LR, n = 85) were excluded
for this study.

MATERIALS AND METHODS
Patients

The following inclusion criteria were applied: (1) a
pathologically confirmed diagnosis of stage IA or IB
[7]
gastric cancer ; (2) first-time gastrectomy status;
(3) age between ≥ 20 and ≤ 75 years; (4) no history
of chemotherapy; (5) no evidence of recurrence or
distant metastasis; (6) gastrectomy conducted ≥
1 year prior to study enrollment; (7) performance
status (PS) ≤ 1 on the Eastern Cooperative Oncology
Group (ECOG) scale; (8) full ability to understand and
respond to the questionnaire; (9) no history of other
diseases or surgeries that might influence responses
to the questionnaire; (10) absence of organ failure or
mental illness; and (11) provision of written informed
consent. The exclusion criteria included patients
who had an additional malignancy and patients who
underwent the concomitant resection of other organs
(except for cholecystectomy or splenectomy).

Refinement of the main outcome measures in the
PGSAS-45

QOL assessment

Based on the data from the completed PGSAS-45
questionnaires, the outcome measures were refined
[5]
by consolidation and selection . The 23 symptom
items were consolidated into the 7 symptom subscales
(SS) listed in Table 1. The main outcome measures for
the assessment data included several subscales such
as the total symptom score, quality of ingestion, level
of dissatisfaction for daily life, a physical component
summary (PCS) based on items derived from the
SF-8, and a mental component summary (MCS), also
based on SF-8 items. Each SS score, except the PCS
and MCS, was calculated as the mean of the composed
items, and the total symptom score was calculated
as the mean of seven symptom SSs. In addition,
the following parameters were selected as the main
outcome measures: body weight changes, amount of
food ingested per meal, necessity for additional meals,
ability for working, dissatisfaction with symptoms,
dissatisfaction at the meals, and dissatisfaction at
working.

PGSAS-45 is a newly developed, multidimensional QOL
questionnaire (QLQ) consists of a total of 45 questions,
with 8 items from the Short-Form Health Survey
[8]
(SF-8) , 15 items from the Gastrointestinal Symptom
[9]
Rating Scale (GSRS) , and 22 clinically important
5
items selected by the JPSWP . These important items
consists of newly selected 10 PGSAS specific items for
symptoms (items 24-33), eight questionnaire items
pertain to dietary intake (items 34-41), one item for
social activity (item 42) and three items about level
of satisfaction with daily life (items 43-45). For the
23 symptom items, a seven-grade (1-7) Likert scale
was used. A five-grade (1-5) Likert scale was used for
all the other items, except for items 1, 4, 29, 32, and
34-37. For items 1-8, 34, 35, and 38-40, higher scores
indicate better conditions. For items 9-28, 30, 31, 33,
and 41-45, higher scores indicate worse conditions.

Study methods

This study utilized continuous sampling from a central
registration system for participant enrollment. The
questionnaire was distributed to all eligible patients as
they presented at the participating clinics. The patients
were instructed to mail the completed questionnaires
directly to the data center. All the QOL data from the
questionnaires were matched with individual patient
data collected via case report forms (CRFs) sent from
the physicians in charge of the patients and stored in a
database.
This study was registered with the University
Hospital Medical Information Network’s Clinical Trials
Registry (UMIN-CTR; registration number 000002116).
The study was approved by local ethics committees

WJG|www.wjgnet.com

Statistical analysis

In comparing patient QOLs after TGRY and DGRY,
2
statistical methods included the t-test and χ test.
All outcome measures that exhibited significant
difference in univariate analysis were further analyzed
using multiple regression analysis to eliminate con
founding factors by adding time interval from surgery,
age, gender, surgical approach, and celiac branch
preservation to the type of gastrectomy. P < 0.05 was
considered statistically significant. In the case of P <
0.1 by univariate analysis, Cohen’s d was calculated.
In the case of that P value of standardized regression
coefficient (β) in multiple regression analysis was < 0.1,
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Table 1 Uni-variate analysis of main outcome measures following total gastrectomy and distal gastrecrtomy procedures
Domains

Subdomains

Symptoms

PGSAS subscales
(GSRS and PGSAS
items)

Living status

Total
Body weight
Meals(amount)
Meals (quality)
Social activity
Dissatisfaction

QOL

SF-8

Main outcome measures

TGRY

Esophageal reflux subscale (items 10, 11, 13, 24)2
Abdominal pain subscale (items 9, 12, 28)2
Meal-related distress subscale (items 25-27)2
Indigestion subscale (items 14-17)2
Diarrhea subscale (items 19, 20, 22)2
Constipation subscale (items 18, 21, 23)2
Dumping subscale (items 30, 31, 33)2
Total symptom score (above seven subscales)2
Change in body weight
Ingested amount of food per meal
Necessity for additional meals
Quality of ingestion subscale1 (items 38-40)2
Ability for working
Dissatisfaction with symptoms
Dissatisfaction at the meal
Dissatisfaction at working
Dissatisfaction for daily life subscale (items 43-45)2
Physical component summary (PCS)1 (items 1-8)2
Mental component summary (MCS)1 (items 1-8)2

DGRY

mean

SD

2.0
1.8
2.6
2.3
2.3
2.1
2.3
2.2
-13.8%
6.4
2.4
3.8
2.0
2.1
2.8
2.1
2.3
49.6
49.2

1.0
0.8
1.1
0.9
1.2
0.9
1.1
0.7
7.9%
1.9
0.8
0.9
0.9
1.0
1.1
1.1
0.9
5.6
6.0

mean

Uni-variate analysis
SD

P value

1.5
0.7
< 0.0001
1.7
0.8
0.0571
2.1
0.9
< 0.0001
2.0
0.8
< 0.0001
2.1
1.1
0.0066
≥ 0.1
2.1
1.0
2.0
1.0
< 0.0001
1.9
0.7
< 0.0001
-8.9%
6.6%
< 0.0001
7.2
2.0
< 0.0001
1.9
0.8
< 0.0001
≥ 0.1
3.8
0.9
1.8
0.9
0.0006
1.8
0.9
< 0.0001
2.2
1.1
< 0.0001
1.7
1.0
< 0.0001
1.9
0.9
< 0.0001
50.8
5.6
0.0029
49.8
5.7
0.0974
The interpretation of effect size
(none-very small)
Small
Medium
Large

Cohen's d
0.58
(0.13)
0.56
0.29
(0.19)
0.31
0.38
0.66
0.42
0.57
0.24
0.28
0.57
0.41
0.51
0.21
(0.11)
Cohen's d
(0.20 >)
0.20 ≤
0.50 ≤
0.80 ≤

Outcome measures with1: higher score indicating better condition. Outcome measures without1: higher score indicating worse condition. The main
outcomes with2 are integrated subscales. Each subscale is calculated as the mean of composed items or subscales, except PCS or MCS of SF-8.

patients who underwent TGRY had significantly higher
(i.e., worse) scores (Table 1 and Figure 1A). The
implication of the type of gastrectomy on each PGSAS
symptom SS, in terms of effect size “Cohen’s d”, is shown
in Table 1. To eliminate confounding factors, a multiple
regression analysis was performed by adding the time
interval from surgery, age, gender, surgical approach,
and celiac branch preservation as explanatory vari
ables. Cohen’s d (by the univariate analysis) and β (by
the multiple regression analysis) of the esophageal
reflux SS, meal-related distress SS, indigestion SS and
dumping SS were significantly declined by the extent
of gastrectomy with medium to small effect size (e.g.,
Cohen’s d and β, Tables 1 and 3).
The total symptom score, which aggregated all
seven PGSAS symptom SSs, denoted the severity of
overall PGS symptom and its values of Cohen’s d, β,
2
and R in the present study were 0.38, 0.216, and
0.059, respectively. This also indicated that the severity
of overall PGS symptom after TGRY were significantly
greater than those after DGRY (Tables 1 and 3).

the β value has shown in the table. Cohen’s d, β, and
2
R (coefficient of determination) measure effect sizes.
Interpretation of effect sizes were 0.2 < small, 0.5 <
medium, and 0.8 < large in Cohen’s d; 0.1 < small, 0.3
< medium, and 0.5 < large in β; and 0.02 < small, 0.13
2
< medium, and 0.26 < large in R . StatView software
for Windows Ver. 5.0 (SAS Institute Inc.) was used for
all statistical analyses.

RESULTS
Patient characteristics

The demographics of all the study participants enrolled
from 52 institutions are listed in Table 2. Among the
patients who underwent TGRY, the time interval from
surgery until the current evaluation and the length
of the Roux segment were significantly longer; age,
incidence of applying an open approach, extent of
lymph node dissection, and combined resection rate
were significantly higher; and a posterior route of
Roux-en-Y was significantly more common.

QOL assessments

Body weight changes: The body weight change
more than one year after gastrectomy was -13.8% in
the patients who underwent TGRY and -8.9% in those
who underwent DGRY. The type of gastrectomy had a
significant and medium implication on body weight loss
as to effect size; the uni-variate analysis produced a
Cohen’s d of 0.66 (Table 1), and the multiple regression
analysis produced a β of 0.315 (Table 3).

PGSAS symptom subscales: Twenty-three
symptom items comprising items derived from the
GSRS and original items proposed and selected by the
participating gastric surgeons during the establishment
of the PGSAS were consolidated into seven symptom
SSs (i.e., the PGSAS symptom SSs). These SSs re
flected the PGS symptom profile and revealed that the

WJG|www.wjgnet.com
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A

TGRY
DGRY
Dumping SS

Constipation
SS

B

Esophageal
reflux SS
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Diarrhea SS

TGRY
DGRY

Abdominal
pain SS

Meal-related
distress SS

Dissatisfaction
at working

Indigestion
SS

Dissatisfaction
at the meal

Necessity for
additional
meals
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Ability for
working

Dissatisfaction
with symptoms

Figure 1 Rader charts of Postgastrectomy Syndrome Assessment Scale symptom subscales, life status, and dissatisfactions. A: Twenty-three symptom
items consisting of Gastrointestinal Symptom Rating Scale and Postgastrectomy Syndrome Assessment Scale (PGSAS) specific items were consolidated into
seven symptom subscales as PGSAS symptom subscales (SS). This radar chart demonstrated the worse conditions of postgastrectomy syndromes (PGS) in total
gastrectomy (TGRY) group than that in distal gastrectomy (DGRY) group; B: The radar graph consisting of each score of items related to the life status and the
dissatisfactions demonstrated the worse conditions of PGS in TGRY group than that in DGRY group.

Table 2 Patient characteristics

Number of patients
Postoperative period
Age
Gender
Preoperative BMI2
Postoperative BMI2
Approach
Extent of lymph node
dissection3

Celiac branch of vagal nerve
Combined resection

Length of Roux-en-Y loop
Route of Roux-en-Y

(mo)
Male
Female

Open
Laparoscopic
D0
D1
D1a
D1b
D2
Preserved
Divided
None
Gallbladder
spleen
Miscellaneous
(cm)
Anterior
Posterior

TGRY

DGRY

393
35.0 ± 24.61
63.4 ± 9.21
276
113
23.0 ± 3.31
19.8 ± 2.51
293
97
0
4
28
192
164
12
371
246
83
52
4
42 ± 4.21
179
206

475
31.7 ± 18.01
62.0 ± 9.11
318
154
22.9 ± 3.01
20.8 ± 2.71
320
152
0
3
60
246
163
28
442
402
51
2
2
32.2 ± 7.11
292
175

P value
0.02464
0.02444
5
≥ 0.1
4
≥ 0.1
< 0.00014
0.01815

0.01595

0.05235
< 0.00015

< 0.00014
< 0.00014

1

Mean ± SD; 2Body mass index; 3According to Japanese gastric cancer treatment guidelines; 4Unpaired t-test; 5χ 2 test. TGRY: Total gastrectomy; DGRY: Distal
gastrectomy.

Meals, social activity, and dissatisfaction: The
ingested amount of food per meal, necessity for
additional meals, ability for working, and dissatisfaction
with symptoms at the meal and at working were
important items included in the PGSAS-45. The
scores on these items revealed that the patients who
underwent TG experienced significantly worse living
status and more dissatisfaction for their lives (Table 1
and Figure 1B).
The Cohen’s d values for the necessity for additional
meals, dissatisfaction at the meal and dissatisfaction
for daily life SS were of medium effect size. All the
other items related to dissatisfaction had small
Cohen’s d values, indicating that they were significantly

WJG|www.wjgnet.com

influenced by the type of gastrectomy with small but
clinically meaningful effect size (Tables 1 and 3). The
dissatisfaction for daily life SS, which consisted of
three dissatisfaction items, demonstrated a significant
2
influence of PGS. The Cohen’s d, β, and R values for
this SS were 0.51, 0.268, and 0.083, respectively (Tables
1 and 3).
SF-8: The SF-8, a useful and simple questionnaire
for evaluating generic QOL, includes PCS and MCS as
SSs. For the PCS, Cohen’s d was 0.21, and β was 0.109.
Thus, the PCS was significantly lower in the TGRY cases
(with a small effect size), whereas the MCS did not differ
between the TGRY and DGRY cases (Tables 1 and 3).
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SF-8

Meals (quality)
Social activity
Dissatisfaction

Abdominal pain SS2
Meal-related distress SS2
Indigestion SS2
Diarrhea SS2
Constipation SS2
Dumping SS2
Total symptom score2
Change in body weight
Ingested amount of food
per meal1
Necessity for additional
meals
Quality of ingestion SS1,2
Ability for working
Dissatisfaction with
symptoms
Dissatisfaction at the meal
Dissatisfaction at working
Dissatisfaction for daily
life SS2
Physical component
summary1,2
Mental component
summary1,2

Esophageal reflux SS2

Main outcome measures

< 0.0001

0.273

0.109

0.291
0.220
0.268

≥ 0.1

≥ 0.1

0.0193
≥ 0.1
0.0145

0.0289
0.0199

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

0.0932
≥ 0.1
0.0012
0.0774

≥ 0.1

(-0.086)

(-0.081)

(-0.079)
(-0.083)

-0.114
(-0.063)

(-0.060)

Postoperative period
(mo)
β
P value
≥ 0.1

0.0016

< 0.0001
< 0.0001
< 0.0001

0.0003
< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001

0.189
0.216
0.315
0.202

0.127
0.158

0.0096
< 0.0001
< 0.0001
0.0020

(-0.089)
0.295
0.166
0.107

Type of gastrectomy
[TGRY]
β
P value
0.298
< 0.0001

-0.124

0.163

-0.083

(-0.068)
(-0.060)

-0.123

(-0.064)

β

≥ 0.1

0.0004

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

0.0210

0.0313
> 0.1
0.0097

0.0371
0.0022

0.0057

0.0003
0.0115
0.0086
> 0.1

< 0.0001
0.0006
0.0138
0.0074

0.0179

P value

(-0.071)

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

0.0436
≥ 0.1

≥ 0.1

≥ 0.1

Approach
[laparoscopic]
β
P value
(-0.060)
0.0828

The interpretation of effect size
(none-very small)
Small
Medium
Large

(-0.079)

(-0.087)

(-0.072)

(-0.073)
-0.105

(-0.093)

-0.129
(-0.092)
(-0.088)

-0.181
-0.114
(-0.083)
(-0.092)

(-0.079)

β

Multiple regression analysis
Gender [male]

< 0.0001
≥ 0.1

0.0142

0.0006
> 0.1
0.0449
0.0838

≥ 0.1
0.0531
≥ 0.1
≥ 0.1

≥ 0.1

P value

Age (yr)

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

≥ 0.1

> 0.1
≥ 0.1
≥ 0.1

≥ 0.1

0.0639
≥ 0.1

r, β
(0.100) >
0.100 ≤
0.300 ≤
0.500 ≤

(-0.063)

≥ 0.1

≥ 0.1

Celiac branch of vagal
nerve [preserved]
β
P value
≥ 0.1

R2

< 0.0001

< 0.0001
< 0.0001
< 0.0001

< 0.0001
< 0.0001

< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001

< 0.0001
< 0.0001
< 0.0001
0.0026

P value
< 0.0001

R2
(0.020) >
0.020 ≤
0.130 ≤
0.260 ≤

0.034

0.093
0.051
0.083

0.052
0.041

0.090

0.071
0.059
0.114
0.048

0.045
0.101
0.057
0.024

0.096

This study aimed to compare the effects of TGRY and DGRY on postoperative QOL in gastric cancer patients. This comparison was performed using the PGSAS-45,
a questionnaire developed to measure QOL in postgastrectomy patients. In the series of our cross-sectional study, we found that there was a little difference in the

DISCUSSION

Outcome measures with1: higher score indicating better condition. Outcome measures without1: higher score indicating worse condition. The main outcomes with2 are integrated subscales. If β is positive, the score of the outcome
measure of the patients belonging to the category in [brackets] is higher in cases when the factor is a nominal scale, and he score of outcome measure of the patients with larger values is higher in cases when the factor is a
numeral scale.

QOL

Living status

Subscales (GSRS
and PGSAS items)

Symptoms

Total
Body weight
Meals (amount)

Subdomains

Domains

Table 3 Multi-variate analysis of main outcome measures
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effect after DG between Billroth-I and Roux-en-Y
[10]
procedure . On the other hand, several clinical
factors such as symptom severity, ability for working,
and necessity for additional meals had a significant
impact on postoperative QOL, while the influence of
[6]
the extent of gastrectomy was unexpectedly small .
The influence of postgastrectomy syndrome is
believed to be more intense after TG than after DG.
However, the reasons for and degree of interference
with QOL after TG vs DG have not been clarified.
Most of prior reports compared the postoperative
QOL between TG with Roux-en-Y and DG mainly
with Billroth-I or II, in which the food or digestive
[11,12]
juice passes through the other route
. Therefore,
the detected differences between TG and DG in the
previous studies may have designated the aggregated
effect of both the preservation of proximal stomach
and the reconstruction route. This study compared
TGRY with DGRY to determine the pure influence of
the remaining stomach (which approximates reservoir
capacity).
Our results showed apparent differences in several
main outcome measures associated with symptoms,
daily living, and QOL. In multivariate analysis, 15 of
19 main outcome measures (with the exception of the
constipation SS, indigestion SS, quality of ingestion SS
and MCS) indicated significantly inferior conditions in
the TGRY group. To identify which outcomes were most
declined by the complete loss of reservoir capacity
in TGRY, the effect sizes of these main outcome
measures were compared. The variables shown to
be adversely affected were (in decreasing order of
severity) body weight loss, esophageal reflux SS, mealrelated distress SS, dissatisfaction with meals, necessity
for additional meals, and dissatisfaction with daily life
SS. Thus, the PGSAS-45 was able to demonstrate the
multifaceted influences on life conditions of total or
distal gastrectomy.
Several reports have postulated that preserving
the lower esophageal sphincter or cardia prevents
[11,12]
esophageal reflux
. Moreover, esophageal reflux has
been less frequently observed following DGRY than after
[8,13-18]
DGBI
. Thus, preserving the proximal stomach
with Roux-en-Y reconstruction should help to prevent
esophageal reflux. A proximal gastrectomy is regarded
as a potent alternative to avoid the serious detrimental
impact of TG for early upper-third gastric cancer
patients. Indeed, the recent study using the PGSAS-45
questionnaire revealed that proximal gastrectomy
appeared to be valuable as a function-preserving
procedure, however, declined the majority of symptom
SSs such as esophageal reflux, abdominal pain, meal[19]
related distress and ingestion in the same way as TG .
Another alternative to avoid the severe impairment of
QOL after TG is to constitute the substitute stomach.
[20]
[21]
Although Fein et al
and Iivonen et al
reported
long-term benefits of RY pouch reconstruction after
TG, there is no universal consensus regarding the
optimal method of reconstruction following TG. A meta-
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analysis demonstrated several clinical advantages of
pouch reconstruction after TG; patients with a pouch
reportedly complained significantly less of dumping
and heartburn, and they exhibited a significantly
[22]
better postoperative food intake . Thus, maintaining
reservoir function after gastrectomy appears to be of
utmost importance.
Further validation of our findings by prospective
clinical trials using the PGSAS-45 for assessments
at baseline and at various relevant time points is
warranted.
Several investigators have assessed QOL fo
llowing TG and have compared various surgical and
[22]
reconstructive procedure , however, no large-scale
QOL comparisons of TG and DG performed with the
same reconstruction procedure, Roux-en-Y, have
been published to date. The current study has the
intrinsic limitation of being a retrospective study.
Moreover, the patient-reported outcomes were
assessed at a single time point, which could be any
time at least one year after surgery. Nevertheless, the
postoperative conditions of the patients more than
[23]
one year after gastrectomy were generally stable ,
and the multivariate analysis identified that the type
of gastrectomy (TGRY vs DGRY) was the factor with
the greatest influence on several of the main outcome
measures. The current study represents the first
large-scale investigation of patient QOL following
gastrectomy using the PGSAS-45 questionnaire with
multivariate analysis.
In this study, the PGSAS-45 defined a certain
impairment of QOL after TGRY compared to DGRY
specifically. Therefore, it is important to closely monitor
patients to enable early detection and management of
PGS, and to provide appropriate nutritional support.
The results of the present study defined that the
sole loss of remaining stomach strongly and broadly
impairs the QOL in postgastrectomy patients. This may
suggest that reservoir reconstruction using a stomach
substitute should be an optional alternative to maintain
better QOL after TG.
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is believed to be more intense than that after distal gastrectomy (DG). However,
the precise features and the degree of interference with quality of life (QOL)
after TG against DG have not been clarified. It was discussed by a comparison
between TG and DG in the past report, however, even if it was the same DG.
Most of prior reports compared the postoperative QOL between TG with Rouxen-Y (RY) and DG mainly with Billroth-I (BI) or II (BII), in which the food or
digestive juice passes through the other route. Therefore, influence due to the
physiological reconstruction might be mixed in the difference of both as well as
influence of TG with RY (TGRY).

4

5

Research frontiers

Most of prior reports compared the postoperative QOL between TG with RY
and DG mainly with BI or BII, in which the food or digestive juice passes
through the other route. Several reports have postulated that preserving the
lower esophageal sphincter or cardia prevents esophageal reflux. Moreover,
esophageal reflux has been less frequently observed following DGRY than after
DGBI. Thus, preserving the proximal stomach with Roux-en-Y reconstruction
should help to prevent esophageal reflux.

6

Innovations and breakthroughs

7

This study was to have compared the DG with TG except influence of the
reconstruction course. And we examined influence of the presence or absence
of reservoir capacity by multivariable analysis including other clinical factors,
and showed the statistical effect sizes. Moreover, this study was unprecedented
examination with large number cases and used newly developed PGSAS-45
questionnaire evaluating patient QOL following gastrectomy. The PGSAS-45
defined a certain impairment of QOL after TGRY compared to DGRY
specifically. Therefore, it is important to closely monitor patients to enable early
detection and management of PGS, and to provide appropriate nutritional
support. The results of the present study defined that the sole loss of remaining
stomach strongly and broadly impairs the QOL in postgastrectomy patients.

8

9

10

Applications

The study results suggest that reservoir reconstruction using a stomach
substitute should be an optional alternative to maintain better QOL after TG.

Terminology

11

Postgastrectomy syndrome is a group of disorders and complications following
gastrectomy. It includes early dumping syndrome, late dumping syndrome,
bile reflux gastritis, afferent loop syndrome, efferent loop syndrome, Roux
syndrome, postvagotomy diarrhea, malabsorption, anemia, osteoporosis,
gastroparesis, and weight loss.

12

Peer-review

The authors have conducted a well-written study based on sound methods. The
manuscript flows easily and with clarity. The case selection and choice of the
important variables were appropriate and clinically relevant. The graphs and
the tables are to the point and summarizing the main results of the study in an
appropriate fashion. The retrospective nature limits the study, and the analysis
would benefit from a propensity score matching to match the cases better and
hence give stronger inference.
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Abstract
AIM
To analyze cytokine levels and to identify their asso
ciation with outcome in patients with hepatocellular
carcinoma (HCC) treated with radiotherapy (RT).

Institutional review board statement: This study was
reviewed and approved by the Yonsei Severance Hospital
Institutional Review Board (IRB number: 4-2008-2012).
Informed consent statement: All patients of this study were
enrolled after providing written informed consent.

METHODS
Patients with HCC who were treated with RT were
eligible for this prospective study. Blood samples were
collected before and after RT, and serum cytokine
levels including interleukin (IL)-1, IL-6, IL-8, IL-10,
IL-12, and tumor necrosis factor-α were analyzed.
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RESULTS
Between 2008 and 2009, 51 patients were enrolled in
this study. Baseline IL-6 level was high in patients with
a history of pre-RT treatment. Median survival was 13.9
mo with alpha-fetoprotein (AFP) as a significant factor (P
= 0.020). Median failure-free survival (FFS) for infield,
outfield-intrahepatic and extrahepatic failures were
23.3, 11.5 and 12.0 mo, respectively. Sex and baseline
IL-6 level were associated with infield FFS, and baseline
IL-10 level was correlated with outfield-intrahepatic
FFS. For extrahepatic FFS, AFP was significant (P =
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[6]

RT . Recently, the application of RT in the treatment
[7]
of HCC has increased . However, there have been few
studies on the role of cytokines in the RT response in
patients with HCC.
Several biomarkers in cancer detection or treat
ment have been studied. As mentioned, cytokines
play a role in cancer development and treatment
response. Cytokine levels in serum or plasma are
easily accessible and may be useful as biomarkers in
[8]
screening for cancer or predicting outcomes . The
aim of this study was to analyze serum cytokine levels
and to identify the significance of serum cytokines in
treatment outcomes for patients with HCC treated with
RT.

0.034). Patients with a baseline IL-6 level of ≥ 9.7
pg/mL showed worse infield FFS (P = 0.005), and this
significance was observed only in treatment-non-naïve
patients (P = 0.022).
CONCLUSION
In addition to AFP, cytokines seem useful in predicting
infield and outfield-intrahepatic failure. Serum cytokines
could be useful biomarkers for predicting RT outcome
in HCC.
Key words: Hepatocellular carcinoma; Radiotherapy;
Cytokine; Interleukin-6
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: A prospective study to identify associations
between serum cytokine levels and radiotherapy
(RT) outcomes was performed in 51 patients with
hepatocellular carcinoma. Baseline serum interleukin
(IL)-6 levels were higher in patients with treatment
failure than in those without treatment failure. This
significant difference was observed only in treatmentnon-naïve patients. To predict RT outcomes, analysis of
baseline serum IL-6 levels may be helpful.

This study was conducted prospectively and conformed
to the ethical guidelines of the Declaration of Helsinki.
It was approved by the Institutional Review Board at
Yonsei Severance Hospital (IRB number: 4-2008-2012).
All patients were enrolled after providing written
informed consent. The number of patients was calcu
lated using a one-sample t-test. Based on an expected
dropout rate of 10%, we planned to enroll 109 patients.
However, the study was closed early due to poor
accrual. Ultimately, 51 patients were included in this
study between September 2008 and October 2009.
RT was performed using 3D conformal RT or
intensity-modulated RT. Blood samples were collected
from patients before the start and at completion of the
RT schedule. We selected serum cytokines, including
IL-1, IL-6, IL-8, IL-10, IL-12 and TNF-α, for analysis
that were known to be associated with HCC. Serum
cytokine levels were measured using Cytokine Bead
Array kits according to the manufacturer’s instructions
(BD Biosciences, San Jose, CA, United States) using
a fluorescence-activated cell sorting (FACS) Verse
flow cytometer (Becton Dickinson, Franklin Lakes, NJ,
United States). The baseline level was defined as the
value before RT.
We classified patterns of failure into three cate
gories: infield failure, outfield-intrahepatic failure,
and extrahepatic failure. Infield failure was defined
as progression of the tumor within the RT field that
covered the planning target volume. Intrahepatic
failure was defined as progression of the tumor within
the liver but outside of the RT field. Extrahepatic failure
was a distant metastasis in lung, bone, etc. Overall
survival (OS) and failure-free survival (FFS) were
calculated from the first date of RT to the date of death
and disease progression, respectively.

Cha H, Lee EJ, Seong J. Multi-analyte analysis of cytokines
that predict outcomes in patients with hepatocellular carcinoma
treated with radiotherapy. World J Gastroenterol 2017;
23(11): 2077-2085 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i11/2077.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.2077

INTRODUCTION
The liver is an organ that is enriched with immune
cells. Chronic inflammation caused by infection with
hepatitis B or C virus or by steatohepatitis is a risk
factor for the development of hepatocellular carcinoma
(HCC). Continued cytokine-induced hepatocyte
damage followed by hepatocyte regeneration leads
to HCC development. The involvement of interleukin
(IL)-1, IL-2, IL-6, IL-10, IL-12, tumor necrosis factor
(TNF)-α, and transforming growth factor (TGF)-β in
hepatocarcinogenesis has been reported. As levels
of these cytokines are more increased in patients
with HCC than in healthy individuals or patients with
cirrhosis, they have been studied as biomarkers for the
[1-5]
detection of HCC .
It has been reported that cytokine levels are
associated with the radiation response of the tumor.
In general, elevated pro-inflammatory cytokine levels
before radiotherapy (RT) correlated with treatment
resistance and poor treatment outcome in several
cancers. Radiation-induced pro-inflammatory cytokine
pathways within tumor cells may help the cells survive

WJG|www.wjgnet.com

Statistical analysis

The statistical significance of differences in mean
values according to patient and tumor characteristics
was determined using Student’s t-test or a one-way
analysis of variance. Survival rates were evaluated
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patients. The median serum levels of alpha-fetoprotein
(AFP) and PIVKA-II were 141.9 IU/mL (range, 1.53-83000
IU/mL) and 600 mAU/mL (range, 12-2000 mAU/mL),
respectively. The median total prescribed dose of RT
was 50.4 Gy (range, 45-64.8 Gy) and median duration
of RT was 34 d (range, 25-56 d).

Table 1 Patient, tumor and treatment characteristics
n

Characteristic
Age (yr), median
Sex
Viral type

Child-Pugh class
Modified UICC stage

BCLC stage

PVT
Multiplicity
Tumor size in cm,
median
AFP (IU/mL), median
PIVKA-II (mAU/mL),
median
Treatment-naïve

Male
Female
B
C
NBNC
A
B
II
III
IV
A
B
C
No
Yes
No
Yes

Percent

54 (range, 32-75)
44
86.3
7
13.7
44
86.3
4
7.8
3
5.9
49
96.1
2
3.9
4
7.8
32
62.7
15
29.5
14
27.5
12
23.5
25
49.0
31
60.8
20
39.2
25
49.0
26
51.0
8.5 (range, 1.0-19.6)

Serum cytokine as a prognostic biomarker

We evaluated the correlation between baseline serum
cytokine levels and the characteristics of patients
and tumors (Figure 1). Baseline IL-6 and IL-8 levels
were found to increase with the UICC stage. When
comparing stage Ⅱ with stage Ⅳ, there was a significant
difference in the IL-8 level (P = 0.006), and IL-6
showed borderline significance (P = 0.051). Treatmentnon-naïve patients showed higher baseline serum IL-6
levels than treatment-naïve patients (P = 0.028). There
were no significant differences in serum cytokine levels
according to sex, BCLC stage, portal vein thrombosis,
tumor multiplicity, and pre-RT tumor marker level.

141.9 (range, 1.53-83000)
600 (range, 12-2000)
Yes
No

Total dose of RT (Gy),
median

Serum cytokine as a predictive biomarker

29
56.9
22
43.1
50.4 (range, 45-64.8)

Forty-five patients (88.2%) died during the followup period. Median OS was 13.9 mo (range, 2.2-63.5
mo) and 1-year and 2-year survival rates were 56.9%
and 33.3%, respectively. The AFP level was only a
significant factor for OS (P = 0.020, RR, 1.001, 95%CI:
1.000-1.002). There was no correlation between OS
and baseline serum cytokine level (Table 2).
During the follow-up period, treatment failures
occurred in 40 patients (79.4%), and infield, outfieldintrahepatic and extrahepatic failures were observed
in 19, 31 and 31 patients, respectively. The median
FFS for infield, outfield-intrahepatic, and extrahepatic
failures were 23.3, 11.5 and 12.0 mo, respectively.
The correlation of FFS with tumor characteristics and
baseline cytokine level was described in Tables 3-5.
For infield FFS, sex (P < 0.001, RR, 47.505, 95%CI:
7.384-305.601) and baseline serum IL-6 level (P <
0.001, RR, 1.019, 95%CI: 1.011-1.028) were statis
tically significant. Baseline serum IL-10 level was a
significant factor for outfield-intrahepatic FFS (P =
0.026, RR, 0.830, 95%CI: 0.705-0.978), and AFP was
associated with extrahepatic failure (P = 0.034, RR,
1.001, 95%CI: 1.000-1.003).
The cut-off value of baseline serum IL-6 level for
infield FFS was 9.735 (Figure 2A; AUC 0.748, P =
0.003, 95%CI: 0.607-0.888). Patients with a baseline
serum IL-6 level higher than 9.7 pg/mL showed worse
infield FFS than those with a baseline serum IL-6 level
less than 9.7 pg/mL (Figure 2B; P = 0.005).
As baseline serum IL-6 level significantly differed
between treatment-non-naïve and treatment-naïve
patients, we performed a subgroup analysis based on
pre-RT treatment. The subgroup analysis indicated the
significant difference in baseline serum IL-6 level was
observed only in treatment-non-naïve patients (Figure
2C and D; P = 0.002).

NBNC: Non-B non-C; UICC: International Union Against Cancer;
BCLC: Barcelona Clinic Liver Cancer; PVT: Portal vein thrombosis; AFP:
α-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II;
RT: Radiotherapy.

using a Kaplan-Meier analysis, and the correlation
between FFS and clinical factors or serum cytokine
level as a continuous variable was analyzed using the
Cox hazard proportional model. Multivariate analysis
was performed using the Cox stepwise regression
model. The cut-off value of IL-6 was obtained from a
receiver operating characteristic (ROC) curve based on
the Youden index. Statistical analysis was performed
using SPSS 20.0 (IBM, Armonk, NY, United States).

RESULTS
Patient, tumor and treatment characteristics

The median follow-up duration for the entire patient
population was 13.3 mo (range, 1.6-63.5 mo).
The patient, tumor and treatment characteristics
are described in Table 1. The median age was 54 years
(range, 32-75 years). Most patients (92.2%) were
diagnosed with International Union Against Cancer
(UICC) stage Ⅲ or Ⅳ HCC, and half of the patients had
Barcelona Clinic Liver Cancer (BCLC) stage C disease
at the time of RT. Twenty-two patients (43.1%) had
a history of pre-RT treatment and were defined as
treatment-non-naïve patients. All treatment-non-naïve
patients received transarterial chemoembolization
(TACE) or transarterial chemoinfusion before RT.
Additionally, surgery, radiofrequency ablation, holmium,
or intra-arterial chemotherapy was performed in 7
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Figure 1 Baseline serum cytokine levels according to tumor characteristics. A, C, D, E, F and G: There were no significant differences in serum cytokine levels
according to sex, BCLC stage, portal vein thrombosis, multiplicity and level of alpha-fetoprotein; B: When comparing stage Ⅱ with stage Ⅳ, interleukin (IL)-8 levels
showed a significant difference (aP = 0.006) and IL-6 showed a borderline significance (P = 0.051); H: Treatment-non-naïve patients showed higher baseline serum
IL-6 levels than treatment-naïve patients (aP = 0.028).

Variation of serum cytokine levels

of severe radiation-induced liver disease during RT
and until 3 mo after the completion of RT. Grade 3-4
hematologic toxicities including anemia, neutropenia
and thrombocytopenia were reported in 6, 12 and
9 patients, respectively. There were also 3 cases of
hypoalbuminemia, 8 cases of hyperbilirubinemia, 10
cases of elevated liver enzymes, and 3 cases of gastro
intestinal bleeding (> grade 3).

We also analyzed serum cytokine levels on completion
of RT (Table 6). After RT, serum IL-10 level had
increased from 4.19 ± 0.41 to 5.83 ± 0.46 (P = 0.002),
and serum IL-12 level had decreased from 6.10 ± 1.01
to 4.10 ± 0.59 (P = 0.018). However, these changes
were not associated with survival or treatment failure.
Variations in the serum levels of other cytokines after
RT were not significant.

DISCUSSION

Treatment toxicity

In this study, we investigated whether the serum
levels of six cytokines (IL-1, IL-6, IL-8, IL-10, IL-12 and

The median value of the mean liver dose was 20.3
Gy (range, 5.7-34.9 Gy), and there were no cases
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Figure 2 Infield failure-free survival according to cut-off value of baseline serum interleukin-6. A: The cut-off value of interleukin (IL)-6 was obtained from a
receiver operating characteristic (ROC) curve based on the Youden index (AUC, 0.748, P = 0.003, 95%CI: 1.011-1.028); B: Patients with baseline serum IL-6 level
higher than 9.7 pg/mL showed worse infield FFS than those with baseline serum IL-6 level lower than 9.7 pg/mL (47.5% vs 100%, P = 0.005); C and D: In subgroup
analysis, the significant difference of infield FFS was observed only in treatment-non-naïve patients (P = 0.022).

Table 2 Univariate and multivariate analyses of clinical factors or cytokines for failure-free survival - overall survival
Univariate
Sex
Age
Stage
BCLC
Size
PVT
LN metastasis
Multiplicity
AFP
PIVKA-II
Pre-RT treatment
Baseline IL-1
Baseline IL-6
Baseline IL-8
Baseline IL-10
Baseline IL-12
Baseline TNF-α

Multivariate

P value

RR (95%CI)

P value

RR (95%CI)

0.580
0.954
0.861
0.224
0.308
0.132
0.867
0.957
0.020
0.211
0.693
0.262
0.692
0.770
0.909
0.449
0.573

1.276 (0.538-3.027)
1.001 (0.970-1.033)
1.052 (0.600-1.844)
1.252 (0.872-1.799)
1.037 (0.967-1.113)
1.581 (0.871-2.871)
1.092 (0.389-3.061)
1.016 (0.561-1.841)
1.001 (1.000-1.002)
1.022 (0.988-1.056)
0.887 (0.487-1.608)
0.979 (0.942-1.016)
1.001 (0.996-1.007)
1.000 (0.998-1.002)
0.994 (0.890-1.109)
1.014 (0.978-1.052)
0.984 (0.930-1.041)

0.020

1.001 (1.000-1.002)

Age, size, AFP, PIVKA-II, and baseline cytokine levels were analyzed as continuous variables using the Cox hazard ratio model. BCLC: Barcelona
Clinic Liver Cancer; PVT: Portal vein thrombosis; LN: Lymph node; AFP: α-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; RT:
Radiotherapy; IL: Interleukin; TNF: Tumor necrosis factor.

TNF-α) would have clinical significance in patients with
HCC who were treated with RT. We demonstrated that
patients with a history of pre-RT treatment showed
a higher baseline serum IL-6 level than treatmentnaïve patients. A high baseline serum IL-6 level was
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also associated with infield failure. The subgroup
analysis revealed that baseline serum IL-6 levels were
associated with infield failure only in treatment-nonnaïve patients.
IL-6 is a pro-inflammatory cytokine and one of
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Table 3 Univariate and multivariate analyses of clinical factors or cytokines for failure-free survival - infield failure-free survival
Univariate
Sex
Age
Stage
BCLC
Size
PVT
LN metastasis
Multiplicity
AFP
PIVKA-II
Pre-RT treatment
Baseline IL-1
Baseline IL-6
Baseline IL-8
Baseline IL-10
Baseline IL-12
Baseline TNF-α

Multivariate

P value

RR (95%CI)

P value

RR (95%CI)

0.001
0.198
0.082
0.441
0.903
0.247
0.408
0.944
0.653
0.889
0.290
0.895
0.000
0.985
0.437
0.903
0.864

10.262 (2.479-42.481)
0.968 (0.921-1.017)
2.106 (0.911-4.871)
1.257 (0.702-2.250)
1.007 (0.904-1.121)
1.741 (0.681-4.452)
1.867 (0.425-8.191)
1.033 (0.412-2.591)
0.999 (0.996-1.002)
0.996 (0.947-1.048)
1.627 (0.660-4.013)
0.997 (0.955-1.041)
1.011 (1.005-1.018)
1.000 (0.997-1.003)
1.060 (0.915-1.227)
0.996 (0.938-1.059)
0.993 (0.918-1.074)

< 0.001

47.505 (7.384-305.601)

< 0.001

1.019 (1.011-1.028)

Age, size, AFP, PIVKA-II, and baseline cytokine levels were analyzed as continuous variables using the Cox hazard ratio model. BCLC: Barcelona
Clinic Liver Cancer; PVT: Portal vein thrombosis; LN: Lymph node; AFP: α-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; RT:
Radiotherapy; IL: Interleukin; TNF: Tumor necrosis factor.

Table 4 Univariate and multivariate analyses of clinical factors or cytokines for failure-free survival - outfield-intrahepatic failurefree survival
Univariate
Sex
Age
Stage
BCLC
Size
PVT
LN metastasis
Multiplicity
AFP
PIVKA-II
Pre-RT treatment
Baseline IL-1
Baseline IL-6
Baseline IL-8
Baseline IL-10
Baseline IL-12
Baseline TNF-α

Multivariate

P value

RR (95%CI)

0.387
0.834
0.601
0.383
0.534
0.326
0.387
0.303
0.649
0.920
0.745
0.573
0.271
0.942
0.026
0.197
0.240

1.539 (0.579-4.086)
0.996 (0.959-1.035)
0.834 (0.423-1.646)
1.210 (0.788-1.859)
0.974 (0.898-1.058)
1.433 (0.699-2.940)
0.530 (0.126-2.230)
1.464 (0.709-3.021)
1.000 (0.999-1.002)
1.002 (0.963-1.043)
1.126 (0.550-2.307)
1.015 (0.964-1.069)
0.950 (0.985-1.004)
1.000 (0.998-1.002)
0.830 (0.705-0.978)
0.959 (0.901-1.022)
0.951 (0.876-1.034)

P value

RR (95%CI)

0.026

0.830 (0.705-0.978)

Age, size, AFP, PIVKA-II, and baseline cytokine levels were analyzed as continuous variables using the Cox hazard ratio model. BCLC: Barcelona
Clinic Liver Cancer; PVT: Portal vein thrombosis; LN: Lymph node; AFP: α-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; RT:
Radiotherapy; IL: Interleukin; TNF: Tumor necrosis factor.

the well-characterized pro-tumorigenic cytokines.
It is upregulated in many cancers and is important
for tumor cell proliferation, survival, differentiation,
[9]
migration, invasion, metastasis and angiogenesis .
In the liver, IL-6 is involved in acute phase response,
liver generation, and regulation of physiological
and pathophysiological conditions. Similar to other
cancers, IL-6 has been shown to be correlated with
HCC development risk, advanced stage and poor
[10-12]
survival
. In this study, serum IL-6 level showed
borderline significance between patients with stage Ⅱ
and Ⅳ disease, most likely due to the small number of
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patients with stage II disease (n = 4).
A history of pre-RT treatment was associated with
a difference in baseline serum IL-6 level. Most of the
treatment-non-naïve patients underwent TACE, and
previous studies have demonstrated that serum IL-6
level increases after TACE and is correlated with post[13,14]
TACE inflammation
. In these studies, the increase
of serum IL-6 level occurred within several days after
TACE and was attributed to a protective function of
IL-6 against acute liver injury. In this study, the time
interval between the last TACE and the start of RT
was median 1.5 mo (range, 0.2-17.5 mo) and the
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Table 5 Univariate and multivariate analyses of clinical factors or cytokines for failure-free survival - extrahepatic failure-free
survival
Univariate
Sex
Age
Stage
BCLC
Size
PVT
LN metastasis
Multiplicity
AFP
PIVKA-II
Pre-RT treatment
Baseline IL-1
Baseline IL-6
Baseline IL-8
Baseline IL-10
Baseline IL-12
Baseline TNF-α

Multivariate

P value

RR (95%CI)

P value

RR (95%CI)

0.153
0.502
0.196
0.782
0.830
0.988
0.936
0.622
0.034
0.449
0.878
0.725
0.529
0.546
0.309
0.726
0.956

2.043 (0.768-5.438)
0.987 (0.951-1.025)
1.562 (0.795-3.070)
0.942 (0.615-1.441)
1.010 (0.926-1.101)
0.994 (0.465-2.125)
0.952 (0.289-3.141)
1.197 (0.586-2.448)
1.001 (1.000-1.003)
1.016 (0.976-1.057)
1.057 (0.520-2.147)
1.005 (0.977-1.034)
1.002 (0.996-1.007)
1.001 (0.999-1.003)
1.062 (0.946-1.193)
1.009 (0.962-1.058)
1.002 (0.942-1.066)

0.034

1.001 (1.000-1.003)

Age, size, AFP, PIVKA-II, and baseline cytokine levels were analyzed as continuous variables using the Cox hazard ratio model. BCLC: Barcelona
Clinic Liver Cancer; PVT: Portal vein thrombosis; LN: Lymph node; AFP: α-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; RT:
Radiotherapy; IL: Interleukin; TNF: Tumor necrosis factor.

was a strong inflammatory indicator for predicting
the outcome in patients with HCC who received locoregional therapy (mainly TACE). RT was considered in
patients with portal vein thrombosis or extrahepatic
metastasis, and only 13 patients received RT after
TACE. A higher IL-6 level was correlated with shorter
[18]
survival. Chen et al
investigated the role of IL-6 in
the radiation response of liver tumors. IL-6 expression
was positively linked to radiation resistance in both in
vivo and in vitro experiments. The authors suggested
that concurrent treatment with IL-6 inhibitors could
be a potential therapeutic strategy for increasing the
radiation response of tumors.
In a previous report, we described the results of
hepatic arterial concurrent chemoradiotherapy (CCRT)
for advanced HCC and found that pre-CCRT treatment
history was a predictive risk factor for treatment failure,
[19]
particularly infield failure . Based on the results of
the current study, this difference in treatment outcome
might be explained by the fact that treatment-nonnaïve patients had higher baseline serum IL-6 levels
than treatment-naïve patients. Although application of
RT has increased in the treatment of HCC, RT continues
to be used as either complementary or salvage treat
ment after other treatment modalities such as TACE,
radiofrequency ablation or surgery, rather than as a
primary treatment. Therefore, assessment of baseline
serum cytokine levels, particularly IL-6, could be helpful
in predicting the treatment outcome in treatment-nonnaïve patients.
To determine a useful criterion for predicting
treatment outcomes in clinics, we identified the pre
dictive cut-off value of baseline serum IL-6 level by
ROC curve analysis. And 9.7 pg/mL as cut-off value
was useful to predict infield failure in this study. Further

Table 6 Variation of serum cytokine levels before and after
radiotherapy (mean ± SEM)

IL-1
IL-6
IL-8
IL-10
IL-12
TNF-α

Before RT (pg/mL)

After RT (pg/mL)

P value

6.77 ± 1.18
31.63 ± 7.34
115.75 ± 19.84
4.19 ± 0.41
6.10 ± 1.01
4.27 ± 0.79

9.13 ± 1.51
29.54 ± 6.60
159.73 ± 38.96
5.83 ± 0.46
4.10 ± 0.59
3.33 ± 0.40

0.229
0.794
0.211
0.002
0.018
0.130

IL: Interleukin; TNF: Tumor necrosis factor; RT: Radiotherapy.

baseline serum level was not correlated with the time
interval. Therefore, the elevated serum IL-6 level in
treatment-non-naïve patients of our study cannot
be explained only by a pre-RT history of TACE. After
TACE, TACE-induced hepatic tissue injuries around the
tumor provoke an inflammatory response and alter
the immune system. These inflammatory cytokine
responses, including IL-6, may also induce tumor
recurrence or progression after TACE.
Among serum cytokines, only baseline serum IL-6
was a significant factor for treatment failure in the
RT field in this study. The effect of serum IL-6 on RT
and chemoradiotherapy (CRT) response has been
reported in many cancers, including lung, prostate,
esophagus, stomach, pancreas, and head and neck
[15-17]
cancers
. In previous reports, an elevated serum
IL-6 level before RT/CRT was associated with poor
treatment outcome. A high serum IL-6 level is known
to correlate with tumor aggressiveness and associated
tumor factors that affect treatment outcome, such
as large size and advanced stage. However, there
have been few studies on the effect of serum IL-6 on
[11]
RT response in HCC. Jang et al
reported that IL-6
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RT outcome in patients with HCC.

study is needed to verify this cut-off value in many
patients with HCC treated with RT.
In this study, lower serum IL-10 level was correlated
with worse outfield-intrahepatic FFS. IL-10 is known
as a pleiotropic cytokine with dual roles in the immune
system, including immune-suppression and immune[20]
stimulation . Many studies reported that serum IL-10
levels were higher in cancer patients than in healthy
cohorts and that a higher IL-10 level was associated
[21]
with worse prognosis . However, other contradictory
reports showed that patients with IL-10-negative
[22,23]
tumors showed poor prognosis
. The inhibition of
inflammatory cytokines and the stimulation of cytotoxic
T cells by IL-10 have been further studied for cancer
[24]
treatment using recombinant IL-10 .
After RT, serum levels of IL-10 increased while
the levels of IL-12 decreased. Several studies de
monstrated changes in cytokine expression resulting
from treatment of HCC. Cytokine levels are altered
after treatment regimens including surgery or TACE;
however, the direction of the change has not always
[25,26]
been consistent between studies
. Although
the change in the serum IL-10 or IL-12 level was
not significantly associated with treatment failure
in this study, these findings indicate that local RT
might produce a systemic effect. It has been reported
that local RT triggers systemic effects through the
recruitment of biological effectors outside the radiation
[27]
field .
The small number of patients was a limitation of
this study and this limitation could affect statistical
significance. Further large scale studies are needed
to confirm our finding and to examine how radiation
affects serum cytokine levels in HCC. In addition, this
study was performed only in patients treated with RT.
Further studies to identify serum cytokine levels in
patients with HCC treated with other various treatment
modalities might also be useful.
In conclusion, the current findings suggest that
an assessment of serum cytokines may be helpful
for predicting treatment outcome after RT in patients
with HCC. In addition to tumor marker AFP, cytokines
seemed to be useful in predicting infield failure
(IL-6) and outfield-intrahepatic failure (IL-10). Serum
cytokines could be useful biomarkers for predicting RT
outcome in HCC.

Innovations and breakthroughs

The association between cytokine levels and treatment response is known in
many cancers. However, there are few studies on the role of cytokines in the
RT response in patients with HCC. This study aimed to identify the significance
of serum cytokines in the treatment outcomes for patients with HCC treated
with RT. In this study, the authors collected samples prospectively and analyzed
the serum cytokines before and after RT. We demonstrated that patients with
a history of pre-RT treatment showed a higher baseline serum IL-6 level than
treatment-naïve patients and a high baseline was also shown to be associated
with infield failure, especially in treatment-non-naïve patients.

Applications

The results of this study suggest that the assessment of pre-RT serum cytokine
levels, particularly IL-6, could be helpful in predicting treatment outcome in
treatment-non-naïve paints.

Terminology

IL-6 is a pro-inflammatory cytokine and one of the well-characterized protumorigenic cytokines. A high serum IL-6 level before RT or chemoradiotherapy
was associated with poor treatment outcome in many cancers. Infield failure
was defined as progression of the tumor within the RT field that covered the
planning target volume.

Peer-review

This paper is relevant and adds to the literature. The use of cytokines is an
active area of research and this group appears to be at the forefront of this
investigation. Although a small number of patients limit the significance of this
study, the results are clear and seem to promote further studies.
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Abstract

Institutional review board statement: Since medical treatment
was conducted according to highest clinical standards, the present
case report is not of experimental character and does not require
an ethical committee statement.

Massive global spread of multidrug-resistant (MDR)

Salmonella spp. expressing extended-spectrum

beta-lactamase (ESBL) and additional resistance to
fluoroquinolones has often been attributed to high
international mobility as well as excessive use of
oral antibiotics in livestock farming. However, MDR
Salmonella spp. have not been mentioned as a
widespread pathogen in clinical settings so far. We
demonstrate the case of a 25-year-old male with
primary sclerosing cholangitis who tested positive
for MDR Salmonella enterica serotype Choleraesuis
expressing ESBL and fluoroquinolone resistance.
The pathogen was supposedly acquired during a trip
to Thailand, causing severe fever, cholangitis and
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[6]

pancreatitis. To our knowledge, this is the first report
of Salmonella enterica serotype Choleraesuis in Europe
expressing such a multidrug resistance pattern. ESBL
resistance of Salmonella enterica spp. should be
considered in patients with obstructive biliary tract
pathology and travel history in endemic countries.

have been reported earlier , we demonstrate here
an infection with Salmonella enterica serotype Chole
raesuis. Immunocompromising diseases, e.g., cirrhosis
or inflammatory bowel disease, might promote invasive
salmonellosis and bloodstream infection and lead to
[7]
severe courses of infections .

Key words: Biliary physiology; Infectious disease;
Multidrug resistance; Primary sclerosing cholangitis;
Salmonella choleraesuis

CASE REPORT
A 25-year-old male student presented to the emergency
department of the University Hospital Frankfurt with
watery diarrhea at a frequency of ten stools per day,
concomitant cramps in the lower abdomen, and fever
up to 40 ℃ for six days. He had been diagnosed with
primary sclerosing cholangitis and ulcerative colitis in
2005 and was on long-term medication with mesalazine
and ursodesoxycholic acid. He had returned from a
backpacking holiday to Thailand 16 d ago, which ended
without any medical complaints or symptoms.
On admission, blood tests showed serum levels
of bilirubin at 1.7 mg/dL, alkaline phosphatase (AP)
at 276 U/L, alanine aminotransferase (ALT) at 56 U/L,
lipase at 501 U/L, C-reactive protein (CRP) at 9.2
mg/dL, and 15000 leucocytes per milliliter of blood.
Abdominal ultrasound showed an enlarged gallbladder,
11 cm in diameter, without any signs of cholecystitis or
acute pancreatitis. Blood and stool cultures were taken
and intravenous antibiotic therapy with ciprofloxacin
500 mg and metronidazole 400 mg three times daily
was initiated. Stool cultures yielded detection of nontyphoidal Salmonella spp., hence antibiotic therapy
was switched to ceftriaxone 2 g daily. Despite the
adaptation of the antibiotic regimen, the patient’s
general condition worsened and he reported increasing
abdominal pain located in the epigastrium. Fever
continued and diarrhea suspended.
Repeated ultrasound of the abdomen displayed a
mildly bloated pancreas with peripancreatic edema.
Liver function tests showed rising bilirubin, ALT,
AP, leucocytes, and CRP kept increasing. Antibiotic
therapy was switched to imipenem 500 mg four times
daily. Subsequently, an isolate of Salmonella group
C with extended-spectrum beta-lactamase (ESBL)
and additional resistance to fluoroquinolones was
detected in stool cultures. Due to ongoing elevation
of cholestatic enzymes and ultrasound evidence of
a distended common bile duct (CBD), endoscopic re
trograde cholangiopancreatography was performed,
showing a high-grade stricture of the distal CBD
(Figures 1 and 2). A 3 mm small stone and pus were
extracted, and a stent was applied to the CBD. Fever
ceased immediately and pain was easing during
the following week. Gall cultures yielded detection
of the same bacterial strain as was detected in the
stool. Culture isolates were sent to the national
reference center for salmonellosis in Wernigerode,
Germany, in order to determine the exact species
serotype. Imipenem was administered for 14 d and the
patient was discharged with mild residual abdominal

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report a case of aggressive infection with
a multidrug resistant strain of Salmonella choleraesuis
in a patient with primary sclerosing cholangitis. Su
ccessful treatment involved repetitive ultrasound and
endoscopic intervention, as well as multiple adjust
ments of the antibiotic regimen. This is the first case
report addressing multidrug-resistant salmonellosis in
patients with predisposing biliary disease in Europe.
It illustrates how close interdisciplinary cooperation
between clinicians and microbiologists is warranted in
an era of emerging antibiotic resistance.
Ferstl PG, Reinheimer C, Jozsa K, Zeuzem S, Kempf VAJ,
Waidmann O, Grammatikos G. Severe infection with multidrugresistant Salmonella choleraesuis in a young patient with
primary sclerosing cholangitis. World J Gastroenterol 2017;
23(11): 2086-2089 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i11/2086.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i11.2086

INTRODUCTION
Among a variety of pathogens that are known for
colonizing the gallbladder, Salmonella spp. seem to
[1]
benefit from its prevailing conditions in particular .
Bile has bactericidal properties, which Salmonella spp.
[2]
manage to escape by several mechanisms . Thus,
the biliary system serves as a favorable reservoir for
Salmonella spp. and they might bloom particularly well
if the passage of bile into the intestine is impaired. In
case of inflammation, the constitution of bile alters,
thus supporting infection of the biliary tree with
pathogenic Gram-negative organisms, e.g., Salmonella
[3]
spp. . Up to now, this phenomenon has mostly been
[4]
attributed to gallstones , which have been known to
be a common cause of infectious cholangitis. However,
only few case reports of patients suffering from primary
hepatobiliary diseases such as Caroli’s syndrome and
[5]
shedding Salmonella are available up to now . In case
of severe cholangitis and acute pancreatitis in patients
with a predisposition to cholestasis, Salmonella spp.
should be considered as a causative pathogen. Since
cases of infectious pancreatitis due to Salmonella
spp, .e.g., Salmonella enterica serotype Typhimurium,
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[14]

nolones has been reported in 2004 . Therefore, MDR
Salmonella spp. are an issue of growing public health
[11,13]
concern in Europe
. While antibiotic treatment is not
recommended in asymptomatic shedders of Salmonella
[15,16]
spp. or in uncomplicated gastroenteritis
, MDR
Salmonella is likely to have a critical impact in patients
with obstructive biliary tract pathology and altered bile
constitution. Since global burden of MDR Salmonella
spp. keeps rising, this alarming development is reflected
by our case report on travel-associated salmonellosis
with serotype Choleraesuis expressing ESBL and
additional resistance to fluoroquinolones.
We conclude that salmonellosis due to MDR Sa
lmonella spp. should be considered in patients with
immunosuppression or with hepatobiliary diseases, who
can develop severe and complicated courses. Empiric
treatment with carbapenems should be initiated in these
patients upon clinical deterioration on common antibiotic
regimens like fluoroquinolones and cephalosporins.
Carbapenems cover MDR Salmonella spp., achieve
higher concentrations within the pancreatic tissue, and
[17]
thus reduce bacterial count . Antibiotic treatment
should be reserved for symptomatic patients. From the
first day of treatment on, structured microbiological
surveillance and close interdisciplinary cooperation
between clinicians and microbiologists are warranted for
best patient care.

Figure 1 Endoscopic image of purulent discharge of the papilla of Vater.

COMMENTS
COMMENTS

Figure 2 Endoscopic retrograde cholangiopancreatography showing a
high-grade stricture of the distal common bile duct.

Case characteristics

A 25-year-old male with known primary sclerosing cholangitis and ulcerative
colitis presented to our emergency ward with watery diarrhea at a frequency of
ten stools per day, concomitant cramps in the lower abdomen, and fever up to
40 ℃.

complaints. The following week, the reference center
confirmed detection of Salmonella enterica serotype
Choleraesuis [6,7,(c)1,5]. On readmission for planned
stent extraction, the patient was free of symptoms and
any Salmonella spp. in stool cultures. Thoracoabdominal
magnetic resonance imaging showed no signs of
mycotic aortic aneurism, which is frequently observed in
[7]
Salmonella groups C and D infections .
Patient data and dates of treatment were anony
mized prior to writing the case report. The patient
provided informed written consent prior to report
submission.

Clinical diagnosis

The authors diagnosed a case of severe salmonellosis due to an isolate of
Salmonella choleraesuis expressing extended-spectrum beta-lactamase (ESBL)
and fluoroquinolone resistance, which could be detected in both bile and stool
cultures.

Differential diagnosis

Initial differential diagnoses were infectious gastroenteritis, an atypical acute
attack of ulcerative colitis, and obstructive cholangitis with febrile cholecystitis
and pancreatitis.

Laboratory diagnosis

DISCUSSION

Blood tests showed serum levels of bilirubin at 1.7 mg/dL, alkaline phosphatase
at 276 U/L, alanine aminotransferase at 56 U/L, lipase at 501 U/L, c-reactive
protein at 9.2 mg/dL, and 15000 leucocytes/mL.

The rising global burden of multidrug-resistant (MDR)
non-typhoidal Salmonella spp. has been attributed
to increasing tourism to South-East Asia, where MDR
[8-10]
non-typhoidal Salmonella spp. are endemic
. The
prevalence of MDR non-typhoidal Salmonella spp. has
[7]
been increasing worldwide for several years . The
global spread of these pathogens has been linked to
[11]
use of antibiotics in livestock farming , consumption
of raw or insufficiently cooked meat and vegetables,
[12,13]
global food trade as well as travel to endemic areas
.
The first case of serotype Choleraesuis resistant to
both third-generation cephalosporins and fluoroqui

WJG|www.wjgnet.com

Imaging diagnosis

Ultrasound of the abdomen displayed a distended gallbladder, a mildly bloated
pancreas with peripancreatic edema, and a distended common bile duct (CBD),
while endoscopic retrograde cholangiopancreatography showed a high-grade
stricture of the distal CBD with discharge of a small stone and pus.

Treatment

Upon unsuccessful antibiotic treatment with ciprofloxacin/metronidazole and
later with ceftriaxone, the patient’s condition and laboratory values improved
rapidly under therapy with imipenem, which was administered for 14 d in total.
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Experiences and lessons

ESBL resistance of Salmonella enterica spp. should be considered in patients
with obstructive biliary tract pathology and travel history in endemic countries.
10

Peer-review

From an interdisciplinary perspective, this case report illustrates the features
of multidrug-resistant non-typhoidal salmonellosis in a patient with primary
sclerosing cholangitis, explains diagnostic pathways, and summarizes treatment
recommendations for these patients.
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Abstract
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Inflammatory fibroid polyp (IFP) is a rare benign
lesion of the gastrointestinal tract. We report a case
of computed tomography (CT) imaging finding of a
gastric IFP with massive fibrosis. CT scans showed
thickening of submucosal layer with overlying mucosal
hyperenhancement in the gastric antrum. The sub
mucosal layer showed increased enhancement on
delayed phase imaging. An antrectomy with gastroduo
denostomy was performed because gastric cancer was
suspected, particularly signet ring cell carcinoma. The
histopathological diagnosis was an IFP with massive
fibrosis. The authors suggest that when the submucosal
layer of the gastric wall is markedly thickened with
delayed enhancement and preservation of the mucosal
layer, an IFP with massive fibrosis should be considered
in the differential diagnosis.
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Core tip: In our case, computed tomography imaging
findings of markedly thickened submucosal layer with
delayed enhancement made inflammatory fibroid
polyp difficult to differentiate from malignant cancer,
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relative to the back muscles on portal phase imaging
(Figure 1C) and hyperattenuation (about 115 HU) on
3-min delayed phase imaging (Figure 1D). The lesion
did not show extension to adjacent organs such as
the liver or pancreas and there was no lymph node
enlargement (Figure 1E). These CT imaging findings
were suggestive of a submucosal tumor or muscular
hypertrophy of the stomach. However, a malignant
tumor such as a signet ring cell carcinoma (SRC)
could not be ruled out because of markedly thickened
submucosal layer with delayed enhancement. Thus, an
antrectomy with gastroduodenostomy was performed.
Macroscopic inspection revealed the submucosal masslike lesion measuring 4.5 cm × 4 cm × 3 cm (Figure
1F). Microscopic examination (original magnification ×
12.5) demonstrated that the borders of the lesion were
poorly demarcated and difficult to discern from the
adjacent submucosal connective tissue (Figure 1G).
Microscopic examination (original magnification × 100,
× 400) showed fibroblastic cells with well-vascularized
fibrotic stroma and infiltrate of chronic inflammatory
cells, including many eosinophils (Figure 1H and I). No
mitotic activity was identified. The final diagnosis was
an IFP with prominent fibrotic and hyalinized stroma.

particularly signet ring cell carcinoma.
Shim EJ, Ahn SE, Lee DH, Park SJ, Kim YW. Dynamic enhanced
computed tomography imaging findings of an inflammatory
fibroid polyp with massive fibrosis in the stomach. World J
Gastroenterol 2017; 23(11): 2090-2094 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i11/2090.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i11.2090

INTRODUCTION
Inflammatory fibroid polyp (IFP) is a rare non-neoplastic
cellular proliferation, composed of fibrous tissue, blood
vessels, and an inflammatory cell infiltrate dominated
by eosinophils within an edematous and collagenous
[1]
stroma . The estimated incidence of IFP is 0.1% of all
[2]
stomach polyps . IFPs are most frequently found in the
[1]
gastric antrum and are commonly ulcerated .
Several studies about gastric IFPs have reported its
computed tomography (CT) findings and included only
[3-8]
enhancement images of the single portal phase .
However, to the best of our knowledge, no previous
report has been described about the CT findings of a
gastric IFP showing delayed enhancement. Here, we
report the dynamic enhanced CT imaging findings of a
case of gastric IFP with massive fibrosis.

DISCUSSION
IFP is a rare benign lesion of the gastrointestinal
(GI) tract that arises from the deep mucosa and
[1,3]
submucosa . IFPs can occur anywhere in the GI
tract, but the gastric antrum is the most common
[4,5]
site, followed by gastric body and fundus . The size
of gastric IFP is range from 1.2-6.5 cm and mean
diameter about 2 cm. However, maximum diameter
is up to 11cm and unexpected growth of IFP has
[1,3,4,7]
been reported
. The size of our case is measuring
4.5 cm × 4 cm × 3 cm on histopathology and 7 cm
length on CT that is slightly larger than usual case.
The morphology features of gastric IFPs are commonly
pedunculated, semi-pedunculated or sessile with
covered normal mucosa. It can appear intramural mass
with smooth, well-defined margins forming obtuse
[1,6,9]
angles with the surrounding bowel wall
. The latter
is consistent with our case. Clinical manifestations of
gastric IFPs are mainly determined by their size and
anatomical location. Patients may have symptoms
such as abdominal pain, nausea, vomiting and frequent
dyspepsia. If the lesions are located in the distal antrum
or pylorus, they can cause gastric outlet obstruction.
Massive GI bleeding with anemia can also result from
[6-8]
IFPs with mucosal ulceration . Our patient had history
of dyspepsia, epigastric pain and mild anemia and these
may be related to superficial ulcer of mucosa underlying
intramural mass located in gastric antrum.
Although the exact etiology remains unknown,
there are many postulate supposed to be related to
IFPs including inflammation, trauma, previous surgery,
infection or allergy. Some authors suggest that the

CASE REPORT
A 43-year-old female presented to the hospital with a
1-mo history of dyspepsia and epigastric pain. Physical
examination was unremarkable. Blood chemistry
findings were within normal range except for anemia
with a hemoglobin level of 9.0 g/dL. Endoscopy showed
an approximately 4 cm mass-like lesion with mucosal
edema and superficial ulcer in the gastric antrum
(Figure 1A). On endoscopic ultrasound (EUS), there
was a heterogeneous hypoechoic submucosal masslike lesion (Figure 1B). Only chronic inflammatory
tissue without malignant cells was found on histological
examination of biopsy specimens obtained through
endoscopy. The patient had undergone an additional
core biopsy of the submucosal lesion using EUS.
However, fibrosis of submucosal lesion was extremely
severe so failed biopsy using EUS. Also, the slight
large size, non-pedunculated, intramural mass with
fibrosis made it difficult for endoscopic resection.
The patient underwent dynamic enhanced CT scan
(LightSpeed16, GE Healthcare, Milwaukee, WI,
United States) to evaluate the mass-like lesion in the
gastric antrum. Portal phase contrast-enhanced CT
showed marked wall thickening (about 2.9 cm in wall
thickness, 7 cm in length) with overlying mucosal hy
perenhancement in the gastric antrum (Figure 1C).
The predominantly thickened wall was the submucosal
layer, which showed hypoattenuation (about 85 HU)
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Figure 1 A 43-year-old female with an inflammatory fibroid polyp with massive fibrosis. A: Endoscopy showed an approximately 4 cm mass-like lesion
with mucosal edema and superficial ulcer on the gastric antrum; B: On endoscopic ultrasound examination, an approximately 4 cm heterogeneous hypoechoic
submucosal mass-like lesion (arrows) was seen; C: The portal phase of axial contrast-enhanced computed tomography (CT) scan showed a hypoattenuated marked
wall thickening of the submucosal layer at the gastric antrum (black arrow) with preserved mucosal enhancement (white arrow); D: The 3-min delayed phase of
axial contrast-enhanced CT scan demonstrated delayed enhancement (about 115 HU) of the submucosal layer at the gastric antrum (arrow); E: The coronal image
of contrast-enhanced CT scan revealed that the lesion did not extend to the liver and demonstrated no perigastric fat infiltration (arrows); F: The surgical specimen
demonstrated a submucosal tumor (M) measuring 4.5 cm × 4.0 cm × 3.0 cm and the overlying mucosa was intact; G: Microscopic examination (hematoxylin and eosin
stain, magnification × 12.5) demonstrated a submucosal mass-like lesion (M). The borders of the submucosal mass-like lesion were poorly demarcated and difficult
to discern from the adjacent submucosal connective tissue. The overlaying mucosa was intact (arrow); H: On microscopic examination (hematoxylin and eosin stain,
magnification × 100), there were fibroblastic cells with well vascularized fibrotic stroma; I: Microscopic examination (hematoxylin and eosin stain, magnification × 400)
showed infiltration of chronic inflammatory cells with many eosinophils present. No mitotic activity was identified.

IFP could be a result of inflammatory response of
submucosa due to the localized damage to mucosa.
Furthermore, inflammatory reactive process can be
stimulated by bacterial, chemical, metabolic factors.
Lately, several study have postulated that Helicobacter
[1,3,7,9]
pylori infection is related with IFPs
.
Endoscopy reveals only the presence of a sub
mucosal lesion. Biopsy specimens using standard biopsy
forceps may not offer useful histologic information
because the lesion is in the submucosal layer. The
EUS manifestations of IFP are an indistinct margin,
hypoechoic subepithelial tumor, and located within
the second and third layer (the deep mucosal and the
submucosal layers) with an intact fourth layer (muscle
[6]
layer) .
Typical CT findings of gastric IFP are smooth
or lobulated contoured endoluminal mass. Most
of the reviewed cases showed overlying mucosal
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hyperenhancement. An ulcer at the lesion surface
and adjacent gastric wall thickening can be present.
Lesion homogeneity and enhancement degree are
[4]
varied . The IFP enhancement patterns seem closely
related to differences in the pathologic characteristics
of the IFPs, such as the presence of inflammatory
cells, particularly eosinophils, edematous and myxoid
stroma, prominent blood vessels with perivascular
[4]
fibroblastic proliferation, and hyalinization . Some
reports suggested that low attenuated areas in the
IFP were histologically correlated with myxoid changes
[4,10]
with edema
. In our case, the markedly thickened
submucosal layer showed increase enhancement
on the 3 min-delayed phase. There have been no
previous reports on dynamic enhanced CT imaging
finding of gastric IFP showing delayed enhancement.
When compared with pathologic findings, the cause of
delayed enhancement of thickened submucosal layer is
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thought to be prominent fibrotic and well vascularized,
hyalinized stroma.
The evolution of IFP is divided into four stages
based on size and histology. First, nodular stage shows
diameter range from 0.2-0.5 cm and major component
is immature fibroblasts. Second, fibrovascular stage
is most common, shows diameter range from 0.7-3.4
cm. This stage describes the characteristic onionskin appearance of mature fibroblasts surrounding
blood vessels or irregular, coarse arrangement. These
typical findings are more frequently seen at younger
stage and seen only peripheral areas of the senescent
stage or even in mucosal layer in cases without super
ficial ulcer. Other components of second stage include
eosinophil infiltration and numerous inflammatory
cells. When the size of IFP became larger, the histo
pathological components become changes. Third,
organized stage is sclerotic or edematous type and
range from 2.5-12.0 cm. Major components of scle
rotic stage are thick collagen bundle and prominent
hyalinization. Edematous stage shows vascular
proliferation, edema due to intracellular fluid. Although
classic histopathologic findings of perivascular onion
skinning and prominent eosinophils infiltration are
well known, but IFPs evolve, they may manifest short
fascicular growth pattern, a sparse eosinophils and
remarkable hyalinization. Interestingly, as the size
of the IFPs increased to find mixed histopathologic
features more commonly, suggesting change of the
[11,12]
original histologic characteristics
. Our case showed
fibroblastic cells with well-vascularized fibrotic stroma
and infiltrate of chronic inflammatory cells, including
many eosinophils. This may be explained by mixed
histologic pattern of fibrovascular and organized
stages. Also superficial ulcer in mucosal layer, which
may be contributed to the absence of characteristic
onion-skin appearance of spindle cells.
Previous study, Advanced gastric cancer (AGC)
showed delayed enhancement on CT (after 180 s
for the start of infusion of contrast material) without
regard to Borrmann’s type. Correlation of the histo
pathologic findings with radiologic enhancement
pattern, signet ring cell type showed good and delayed
enhancement but mucinous type was poorly enhanced
[13]
due to high mucin content . Another previous study,
when gastric wall thickening in AGC on CT, highdegree contrast enhancement was more usual in SRC
than that with non-signet ring cell carcinoma. When
histopathological findings are considered, malignant
cells and immature fibrosis are causes of enhancement
[14]
in SRC . Since in our case, the lesion had marked
wall thickening with delayed enhancement, malignant
tumor could not be ruled out, particularly SRC. The
operation was performed because the cancer was
not excluded in the radiological findings. However,
several CT features such as a preserved mucosal
layer and lesions without perigastric fat infiltration or
lymphadenopathy help the diagnosis IFP rather than
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malignant tumor.
The differential diagnosis of gastric IFPs include other
submucosal lesions, such as leiomyoma, gastrointestinal
[4,9]
stromal tumors (GIST), and heterotopic pancreas .
Leiomyomas typically present as homogenous masses
with an endoluminal growth pattern and lower atte
nuation than back muscles; however, leiomyomas of
the stomach are rare and if they develop, they are
[4,5,15]
almost located in the gastric cardia
. GISTs are
most commonly located in the gastric body. GISTs
arise from the deep muscularis propria and have an
exophytic, intramural, or mixed growth pattern. GISTs
manifest with various enhancement patterns, and the
degree of enhancement may be higher in hypervascular
characteristic GISTs than in IFPs. Invasion into adjacent
organs such as the pancreas and colon is only seen
in enlarged, exophytic GISTs. Areas of hemorrhage,
necrosis or cystic degeneration are frequently observed
[4,5,15]
in focal low attenuated lesions of GISTs
. A hete
rotopic pancreas is typically located in the prepyloric
antrum and duodenum. It presents as an ovoid or flat
mass with an endoluminal growth pattern and higher
attenuation than the back muscle with a prominent
[4,15]
enhancement of the overlying mucosa
.
In conclusion, dynamic CT in addition to endoscopy
may be useful in the diagnosis of gastric IFP. Gastric
IFP should be considered in the differential diagnosis
if the submucosal layer of the gastric wall is markedly
thickened with delayed enhancement and the mucosal
layer is preserved without perigastric fat infiltration.

COMMENTS
COMMENTS
Case characteristics

A 43-year-old female had a 1-mo history of dyspepsia and epigastric pain.

Clinical diagnosis

Physical examination was unremarkable. Abdomen was soft, flat with
normoactive bowel sound. On endoscopy, gastric submucosal tumor was
suspected.

Differential diagnosis

Gastric submucosal tumor was suspected on endoscopy but it was difficult to
excluded malignant tumor on computed tomography (CT).

Laboratory diagnosis

Abnormal laboratory finding was only hemoglobin level, specifically 9.0 g/dL.

Imaging diagnosis

Dynamic enhanced CT imaging showed markedly gastric wall thickening (about
2.9 cm in wall thickness, 7 cm in length), predominantly submucosal layer with
delayed enhancement.

Pathological diagnosis

The pathology showed a submucosal mass-like lesion with fibroblastic cells with
well vasculized fibrotic stroma, infiltration of chronic inflammatory cells including
many eosinophils.

Treatment

Patient underwent antrectomy with gastroduodenostomy.
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Related reports

6

Several studies about gastric inflammatory polyp (IFP) have reported its CT
findings of enhancement images on portal phase. To the best of our knowledge,
no previous report has been described about the dynamic enhanced CT
findings of a gastric IFP with delayed enhancement which mimicking malignant
tumor such as signet ring carcinoma.

7

Term explanation

In this case report, the uncommon difficult terms have not been used.

8

Experiences and lessons

Gastric IFP should be considered in the differential diagnosis if the submucosal
layer of the gastric wall is markedly thickened with delayed enhancement and
the mucosal layer is preserved without perigastric fat infiltration.

9

Peer-review

10

It is a very good case report, with many images that allow an easy reading of
the manuscript. It is well written, and the explanation and conclusion is clear.
11
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Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York

January 1, 2016

Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
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Abstract

Paolo Magistri, Department of Medical and Surgical Sciences
and Translational Medicine, Sapienza, University of Rome,
00185 Rome, Italy

Liver transplant for hepatitis B virus (HBV) currently
yields excellent outcomes: it allows to rescue patients
with an HBV-related advanced liver disease, resulting in
a demographical modification of the waiting list for liver
transplant. In an age of patient-tailored treatments,
in liver transplantation as well the aim is to offer the
best suitable graft to the patient who can benefit
from it, also expanding the criteria for organ accep
tance and allocation. With the intent of developing
strategies to increase the donor pool, we set-up a
multicenter study involving 3 Liver Transplant Centers
in Italy: patients undergoing liver transplantation
between March 03, 2004, and May 21, 2010, were
retrospectively evaluated. 1408 patients underwent
liver transplantation during the study period, 28 (2%)
received the graft from hepatitis B surface antigen
positive (HBsAg)-positive deceased donors. The
average follow-up after liver transplantation was 63.7
mo [range: 0.1-119.4; SD ± 35.8]. None Primary nonfunction, re-liver transplantation, early or late hepatic
artery thrombosis occurred. The 1-, 3- and 5-year
graft and patient survival resulted of 85.7%, 82.1%,
78.4%. Our results suggest that the use of HBsAgpositive donors liver grafts is feasible, since HBV can
be controlled without affecting graft stability. However,
the selection of grafts and the postoperative antiviral
therapy should be managed appropriately.
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because of the poor outcomes from severe recurrent
liver disease. The first studies showed HBIg and
HBIg plus lamivudine to improve graft and patient
[2]
survival . Subsequently, successful suppression
of HBV DNA before transplant by Adefovir resulted
[3]
in improved pre- and posttransplant survival .
More recently, the use of the more potent antiviral
agent, entecavir, entirely prevented post-transplant
recurrence, even in some patients with prior
[4]
lamivudine resistance . Whereas the original protocols
utilized a lifetime administration of HBIg to maintain
a blood titer high enough to prevent reinfection, and
this was supplemented with lamivudine and now more
potent antiviral agents, newer protocols have reduced
the time of administration of the HBIg to 1 year with
continued antiviral administration indefinitely after, or
even use Entecavir or Tenofovir as a single agent to
achieve an undetectable pretransplant viral load and
[3]
maintain this indefinitely afterward .
Liver transplant for hepatitis B virus (HBV) currently
yields excellent outcomes: it allows to rescue patients
with an HBV-related advanced liver disease, resulting
in a demographical modification of the waiting list for
liver transplant. In a review of the Scientific Registry of
Transplant Recipients (SRTR) database of registrants
to the liver transplant list in the United States from
1985 to 2006, the overall number of registrants for
HBV began declining after 1998 when oral antiviral
[5]
therapy was first introduced . Of the main indications
for transplant owing to HBV (advanced liver disease,
acute liver failure, and HCC), only HCC was increasing
in number; registrants for advanced liver disease was
declining most rapidly. This trend should continue;
the data suggest that those with an early response
to antiviral treatment with Tenofovir for acute severe
reactivation of HBV have improved non-transplant
[6]
survival (57% vs 13% for placebo-treated patients) .
However, antiviral therapy did not influence survival
for those with acute liver failure owing to de novo HBV
infection in a North American cohort of patients with
[7]
acute liver failure . It will likely be at least another
decade until the incidence of HCC owing to HBVinduced liver disease begins to significantly decline,
and this in part will be owing to treatment of HBV (as
well as immunization of populations that began in
the early 1990s). Eventually the choice of treatment
to prevent HBV reinfection must take into account
treatment efficacy, patient adherence, and cost.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With the intent of developing strategies to
increase the donor pool, we set-up a multicenter study
involving 3 Liver Transplant Centers in Italy between
March 2004 and May 2010. 1408 patients underwent
liver transplantation during the study period, and 28
received the graft from hepatitis B surface antigen
positive (HBsAg)-positive deceased donors. None
primary non-function, re-liver transplantation, early or
late hepatic artery thrombosis occurred. Our results
show that transplantation of grafts from deceased
HBsAg positive donors is feasible and this represents a
way to expand the donor pool, especially in the highendemic areas where a large proportion of patients are
highly viremic and HBeAg positive.
Ballarin R, Cucchetti A, Russo FP, Magistri P, Cescon M, Cillo
U, Burra P, Pinna AD, Di Benedetto F. Long term follow-up and
outcome of liver transplantation from hepatitis B surface antigen
positive donors. World J Gastroenterol 2017; 23(12): 2095-2105
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i12/2095.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i12.2095

INTRODUCTION
Epidemiology of hepatitis B and hepatocellular
carcinoma

Hepatitis B virus (HBV) prevalence is different from a
geographical region to another (Figure 1): currently, in
Northern Europe, United States, Canada and Australia
it ranges from 0.1% to 2%, while in central and
Eastern Europe, as well as in Mid East, India, Central
and Southern America, it is between 3% and 7%.
Finally, the highest incidence, ranging from 10% to
20%, is registered in Africa and Easter Countries.
Notably, the incidence of hepatocellular carcinoma
(HCC) in the same regions mirrors the prevalence
of HBV. In Europe, Japan and North America HBV
is responsible for 10%-15% of HCC cases, while
conversely, in Asia and Africa, HBV is associated to
70% of cases. According to several studies, the relative
risk of developing a tumor is close to 100-fold in HBV
[1]
carriers vs non-carriers .

Extended criteria for organ acceptance

The unmatched demand and supply rate between
organs for transplantation is well known. As a
matter of fact, we observed during the last decade
a similar annual rate of donors in Europe and United
States, while an increase of the “demand” for liver
transplantation has been reported, in terms of new
patients added in the waiting lists, longer mean waiting
time and drop-out rate. Moreover, the lack of organs
led to the exclusion from the waiting list of many

Liver transplantation for HBV

Liver transplant for HBV currently yields excellent
outcomes, but in 1983, before the introduction of
HBV immune globulin (HBIg) and antiviral therapy, a
United States National Institute of Health consensus
conference recommended against transplant for HBV

WJG|www.wjgnet.com
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HBsAg prevalence
≥ 8%-high
2%-7%-intermediate
< 2%-low

Figure 1 Geographic distribution of chronic hepatitis B virus infection-worldwide (2005). For multiple countries, estimates of prevalence of hepatitis B surface
antigen (HBsAg), a marker of chronic hepatitis B virus infection, are based on limited data and may not reflect current prevalence in countries that have implemented
childhood hepatitis B vaccination; prevalence may vary within countries. Source: Centers for Disease Control and Prevention (http://www.cdc.gov).

Criteria and terms for certified suitability of organ
donors: Assumptions and operational strategies in Italy

[8,9]

patients who can beneﬁt from a transplant .
In an age of patient-tailored treatments, in liver
transplantation as well the aim is to offer the best
suitable graft to the patient who can benefit from
it. In Europe and in the United States is estimated
that almost 10% to 30% of patients listed for liver
[8]
transplant dies before organ availability . In the
United States status I patients i.e., patients entering
in the waiting list at the highest medical urgency,
reported a 12 folds increased risk of death while on the
list compared with those entering at the two lowest
[10]
categories of urgency . Data from Scandinavia
between 1990 and 2001 show that the mortality rate
among patients waiting for liver transplant was 16%,
while 27% of patients listed for a highly urgent liver
[11]
transplantation failed to get the graft .
For many patients with a severe clinical status
needing urgent transplant, the so-called marginal
organ donor can provide a chance of cure. Patients
that never obtained a transplant due to their clinical
characteristics may as well benefit from a marginal
donor, overcoming the problem of organ shortage.
The terms extended donor or expanded donor
(ECD) mean changes in donor acceptability criteria,
which not justifies the negative connotations of these
terms. Although criteria to select organs for donation
were revised and modified over years, this evolution
did not affect neither patients’ nor organs’ survival.
Characteristics of donor and recipient, together with
allocation scheme, organ procurement and transplant
procedure define the “ideal organ”. Moreover, marginal
donors can allow to obtain comparable survival rates
when an appropriate allocation is ruled out.

WJG|www.wjgnet.com

In 2001 a national commettee of experts nominated
by the Italian National Transplant Centre (Centro
Nazionale Trapianti-CNT) released a document for
all personnel involved in the evaluation process of
potential organ donor. The Commettee was made up
of infectious disease experts, immunologists, clinical
experts, surgeons, coordinators, anatomopathologists,
medical examiners and oncologists. During the
preparation phase, which lasted one year, the text
underwent a series of changes and supplements,
resulting in a final version shared with the scientific
community and approved by the Italian National
Transplant Centre as technical annex (guidelines) to
[12]
the Ministry Decree of August 2, 2002 .
These Guidelines focus on two main aspects: (1)
The definition of acceptable/unacceptable risks for
donor suitability or single organ utilization; and (2) the
establishment of practical steps for the risk evaluation
process.
The first aim was to identify the different risk levels
and as a result five risk levels have been defined: (1)
unacceptable risk; (2) increased but acceptable risk;
(3) calculated risk; (4) not assessable risk; and (5)
standard risk.
Unacceptable risk: The donor classified under this
category should be excluded from donation and no
organ can be used for transplantation. For example,
HIV1 or 2 positive donors fall into this category, as well
as HBsAg and HDV contemporaneous seropositivity.
Neoplastic diseases represents an unacceptable risk
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with the following exceptions: carcinoma in situ, basal
cell carcinoma, cutaneous squamous cell carcinoma
without metastases, carcinoma in situ of the cervix,
carcinoma in situ of vocal cords, urothelial papillary
carcinoma (T0 according to the TNM classification).
Eventually, systemic infections caused by agents for
which treatments are not feasible and documented
prior disease must also be considered as exclusion
criteria.

recipient is not co-infected by delta virus; and (3) the
patient follow-up can be monitored on the basis of a
common national protocol established by the National
Transplant Centre and to record data on a National
Registry.
HBsAg negative donor: If the recipient is HBsAg
negative, he has no anti-HBV antibodies or has a
protective anti-HBsAg titre (≥ 10 mUI/mL), trans
plantation can be performed, after informed consent,
when the following conditions are met: (1) the donor
has a negative HDV antigen, negative IgM anti HDV
antibodies, negative IgG anti HDV antibodies or with a
titre < 1:100 or below the significant level according to
the used assay; and (2) the patient follow-up can be
monitored on the basis of a common national protocol
established by the National Transplant Centre and to
record data on a National Registry.
As a supplement to these measures, the Italian
National Transplant Centre has deemed as proper to
support further transplant network health workers,
through adhoc developed information tools and an
expert task force (second opinion) for evaluation of
doubtful cases.

Increased but acceptable risk: This category
includes organs that can be used in case of urgency
or particular clinical conditions of recipients. In these
cases, even when the evaluation process shows the
presence of pathogens or transmissible disease,
organ utilization is allowed in the light of a risk benefit
assessment. Patients struck by fulminant hepatitis, or
retransplants for liver primary non function, or patients
who underwent hepatectomy for trauma with complete
organ function loss are included in this category.
Calculated risk: Includes all cases where the
presence of a specific pathogen or a serological status
+
+
+
of the donor (HBsAg , or anti-HCV or HBcAb ) is
compatible with transplantation recipients with the
same disease or serological status, independently from
recipient’s health conditions.

Study design

With the intent of developing strategies to increase the
donor pool, we set-up a multicenter study involving
3 Liver Transplant Centers in Italy: the Universities of
Modena, Bologna and Padova. The study was approved
by the institutional review boards at each center.
Patients undergoing liver transplantation between
March 2004, and May 2010, were retrospectively
evaluated. Among 1408 patients who underwent
liver transplanation during the study period, 28 (2%)
received the graft from HBsAg-positive deceased
donors. All subjects were informed of the possible
risks, consented to enter the study and signed a
written form. For each HBsAg case we collected
general clinical features and data regarding the
transplantation, including MELD score and ischemia
time. Then we retrospectively analyzed post-operative
data, namely immunosuppressive therapy, histological
evidence of HBV recurrence and antiviral therapy, and
episodes of acute rejection.
The Italian regulations issued by the CNT allow
HBsAg positive HDV negative recipients, HBcAb
positive HDV negative patients, and HBV negative
subjects with severe end-stage liver disease and a low
life expectancy, to receive grafts from HBsAg positive
HDV negative donors. Liver biopsy during organ
procurement drives the evaluation on graft status,
together with the serovirological complete assessment
of HBV and HCV status, including HBV DNA. Moreover,
Ishak score ≤ 1 and low inflammation, together HDV
negative test in both donor and recipient, are required.
HBV viral load, liver function test and age are not
considered as exclusion criteria.
We performed liver biopsies routinely pre- and

Not assessable risk: Includes cases for which the
evaluation process does not allow an appropriate
risk assessment for transmittable diseases for lack
of one or more assessment elements (e.g., failure to
collect an accurate medical history for lack of relatives,
unavailability of microbiology data despite a wellgrounded suspicion of infectious pathology).
Standard risk: Includes cases for which the eva
luation process did not identify any risk factor for
transmittable disease. It is the most frequent condition
in the assessment of donors and grafts.
The national guidelines also identify some special
conditions that concern two main aspects, namely
neoplastic and infectious risks.
About infections, special attention should be paid to
the following cases: donor with HCV infection; donor
with HBV infection (HBsAg positivity); donors with
anticore IgG antibodies against B virus (HBcAb). In
such cases the guidelines impose the adoption of the
following procedures.
HBsAg positive donor: If a donor turns out to be
HBsAg positive, transplantation is allowed in a HBsAg
positive recipient, after informed consent, provided
that the following conditions are met: (1) the donor
has a negative HDV antigen, negative IgM anti HDV
antibodies, negative IgG anti HDV antibodies or with a
titre < 1:100 or below the significant level according
to the assay used; the absence of IgM anti HDV does
not exclude delta virus chronic infection; (2) the liver
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postperfusion in all cases. All the centers performed
a liver biopsy protocol at months 6 and 12. However,
all centers performed liver biopsies whenever
biochemical or clinical signs of liver dysfunction
became evident.
There was agreement on the definition of HBV
recurrence as the contemporary presence of serum
HBV-DNA and graft histology with evidence of lym
phocytic infiltrates suggestive of recurrent HBV
infection. An experienced pathologist is required for
this evaluation, in order to avoid confusion with acute
cellular rejection signs, like absence of endothelitis and
cholangitis. Ishak score and the Knodell modified HAI
were used to stage the disease, giving to each biopsy
a HAI inflammatory grade (scale of 0-18), a fibrosis
stage (scale of 0-6), and a total score combining the
previous 2. Steatosis score was recorded as none (0%),
mild (1%-30%), moderate (31%-60%), or severe
(61%-100%), according to the degree of steatosis
noted in the biopsy.
We performed a standard antiviral prophylaxis in all
patients, independently from serovirological profile.
All HBsAg-positive recipients were on antiviral
treatment with nucleos(t)ide analogues before liver
transplantation and continued the same antiviral therapy
with the addition of HBV-speciﬁc immunoglobulins
(HBIg) after liver transplantation. The HBsAg-negative
recipients began a similar combined treatment after LT,
with lamivudine (LMV) and HBIg.
HBIg administration consisted of 10000 IU during
the anhepatic phase, then 5000 IU every day for the
ﬁrst month, subsequently 5000 IU weekly for the
second month and finally 5000 IU every 3-4 wk to
maintain an anti-HBs titre above 250 IU/mL. This is
the standard regimen of the transplant centers and it
is applied even to HBV patients receiving an HBsAgnegative graft. Tacrolimus administration in the postoperative setting was adjusted to maintain a plasma
concentration between 5 and 12 ng/mL. Steroids were
started at a dose of 20 mg daily, then tapered down
and discontinued within 6 mo.

follow-up visit and the average follow-up after liver
transplantation was 63.7 mo (range: 0.1-119.4; SD
± 35.8). Recipient characteristics were reported on
Tables 1 and 2.
HBV related cirrhosis, with or without HCC, was the
indication for liver transplantation in 27 patients (Table
1), while 1 patient was transplanted due to secondary
biliary cirrhosis.
The five HBsAg-negative patients showed se
rological evidence of past HBV infection. The MELD
score (Model of End Stage Liver Disease) was applied
to stage their liver disease status. In case of HCC, an
extra score based on HCC stage was added, according
to the centre (or regional) allocation policy.
Patients were transplanted after an average of 452
d on waiting list (range: 37-1962; SD ± 394) and at
the time of liver transplantation presented an average
MELD biochemical score of 15.6 (range: 7-33; SD ±
6.5) and an average MELD score correction (depending
from other clinical variables) of 26.8 (range 11-39; SD
± 7.2).
The median body mass index (BMI) at the time LT
was 25.3 (range: 19-34; SD ± 3.2).
Nineteen patients had hepatocellular carcinoma
(67.9%) with 13 cases (68.4%) resulting within
the Milan criteria, whereas 6 patients (31.6%) were
outside Milan and inside UCSF criteria.
Table 1 describes different downstaging treatments
for each patient.
The UNOS status was 2A in 5 patients (17.8%), 2B
in 15 patients (53.6%), and 3 in 8 patients (28.6%).

Donor characteristics

Donor characteristics were reported on Table 3 and the
overall serological state of the recipient/donor is shown
in the Table 4.
The median age was 52.6 years (range: 13-79,
SD ± 16.9). 13 donors were female (46.4%) while
15 donors were male (53.6%). The death causes are
reported on the Table 3. The average body mass index
(BMI) of donors was 25 (range: 19.5-29.4; SD ± 2.6)
All the patients were HBsAg-positive. 21 donors (75%)
were HBV-DNA positive while 7 (25%) were HBV-DNAnegative. 2 (7.1%) donors were anti-HCV positive but
both were HCV-RNA negative.
None was HDV co-infected. Five patients (17.9%)
were HBsAg negative, and 4 (14.3%) were HCV coinfected (Table 4).
Data on pre-perfusion histologic features of the
biopsies are shown in Table 3. Most of the HBsAg
positive grafts had a HAI inflammatory grade between
0-2 (71.4%), followed by an HAI inflammatory grade
between 3-4 (28.6%). None of the grafts used had an
HAI inflammatory grade score ≥ 5.
In particular, 6 donors (21.4%) had a grading score
0; 7 donors (25%) had a grading score 1; 7 donors
(25%) had a grading score 2; 4 donors (14.3%) had
a grading score 3; 4 donors (14.3%) had a Grading
score 4. All the grafts had a fibrosis stage ≤ 1.

Statistical analysis

We reported continuous data as mean ± SD, and then com
pared those data by using the 2-side Student’s t test.
2
The χ test with Yates’ correction, or Fisher’s exact test
when appropriate, was used to compare groups for
categorial variables. Survival of grafts and patients
were evaluated using the Kaplan-Meier method
and compared with the log-rank test. The statistical
significance was accepted for P < 0.05. All the
©
statistical analysis were performed using SPSS 19.0.

DISCUSSION
Recipient characteristics

Four out of 28 recipients were female (median age at
liver transplantation: 57.6 years, range: 26-67). Data
were collected from liver transplantation until the last
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Table 1 Recipient characteristics at the time of liver transplantation
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Age

Gender

AB0

BMI

Indication

Real
MELD

MELD
correct

UNOS

Wating
List(d)

Year LT

HCC criteria

Downstaging type
(No.)

62
65
54
45
62
53
45
64
26
64
65
56
61
59
48
65
57
55
65
63
60
61
67
55
60
55
54
67

M
M
M
M
M
M
M
M
M
M
F
M
F
M
F
M
M
M
M
M
M
M
M
M
F
M
M
M

0
B
A
A
0
0
A
B
A
A
B
A
0
A
A
A
A
B
A
A
A
A
0
A
0
A
A
0

27
21
22
24
29
28
23
27
23
22
25
24
23
24
27
24
30
28
24
28
34
24
19
24
29
26
27
22

HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HCV/HBV
HBV/HCV
HBV
HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HBV
CBS
HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HCC/HBV
HBV
HBV
HBV
HBV/HCV
HCC/HBV
HCC/HBV
HCC/HBV

26
16
10
14
12
12
24
33
23
11
12
10
14
30
21
8
14
18
7
16
10
11
16
17
17
10
13
12

36
39
33
34
33
35
24
33
23
23
24
24
30
30
33
25
39
26
25
25
27
11
16
17
17
20
19
29

2A
3
3
2B
3
2B
2A
2A
2B
2B
2A
2B
2B
2B
2A
2B
2B
2B
2B
2B
2B
3
2B
3
2B
3
3
3

37
522
513
419
445
515
101
478
742
144
195
217
352
118
82
358
576
38
371
1962
330
855
742
127
961
748
134
575

2007
2007
2007
2007
2008
2008
2005
2005
2005
2005
2006
2006
2006
2007
2007
2009
2009
2009
2009
2010
2010
2010
2004
2004
2004
2005
2006
2009

MILAN IN
MILAN IN
MILAN IN
MILAN OUT
MILAN OUT
MILAN IN

LOC(1)1
LOC(1) + SUR(1)
LOC(1)
LOC (3)
LOC (2)
LOC (1)

MILAN IN
MILAN IN
MILAN OUT
MILAN IN

LOC (2)
LOC (2)
LOC (5)
LOC (2)

MILAN IN
MILAN OUT
MILAN IN
MILAN IN
MILAN IN
MILAN OUT

LOC (2)
LOC (7)
LOC (3)
LOC (3)
LOC (2)
LOC (1) + SUR (1)

MILAN IN
MILAN OUT
MILAN IN

LOC (1)
LOC (2)
LOC (1) + SUR (1)

1

LOC: Locoregional therapy [transcatheter arterial chemoembolization (TACE) and/or radiofrequency ablation (RITA)]. SUR: Surgery; MELD: Model for endstage disease; BMI: Body mass index; LT: Liver transplantation; HCC: Hepatocellular carcinoma; CBS: Secondary biliary cirrhosis; HCV: Hepatitis C virus.

For 14 (50%) grafts the staging was 0. Macrostea
tosis of the grafts are reported on the Table 3.

Cold ischemia time was in an average of 429 min
(range: 255-632) and the warm ischemia time (WIT)
was around 39.7 min (range: 30-55). The average
hematic loss was 2307 mL (range: 300-13000). The
mean length of stay in the Intensive Care Unit (ICU)
was 5.5 d (range: 0-22), while the average Hospital
stay was 21.4 d with a range from 6 to 143.

The average follow-up was 63.6 mo (range:
0.1-119.4). The 6 deceased patients died not for
the Hepatitis B recurrence but for different reasons.
In particular, the cause and time of death were
respectively: 1 patient for severe sepsis (0.4 mo), 1
patient for cardiac arrest (0.1 mo), 1 patient for HCV
recurrence (11.8 mo), 2 patients for HCC recurrence
(3.5 and 13 mo, respectively) and one patient for
Merkel cell carcinoma (45 mo).
The 1-, 3- and 5-year graft and patient survival
resulted of 85.7%, 82.1% and 78.4% (Figure 2).

Clinical outcome

Read-out

Operative factors

Liver transplantation is an established therapeutic
modality for patients with end-stage liver disease
or/and hepatocellular carcinoma. However, in recent
years the number of patients needing a transplant
increase overcoming the supply: as a result, the mean
waiting time is now longer than before, with higher
mortality rates of patients waiting for an organ. It is
estimated that 15% to 20% of patients on the waiting
list die each year without receiving a suitable organ.
Several strategies have been developed by
transplant physicians to face this increased demand:
innovative ways of expanding the donor pool are the
use of split and live donor LT. Another approach is the
use of organs from “less-than-perfect donors”, also
called “suboptimal donors”. Non-heart-beating donors

None primary non-function (PNF), re-LT, early or
late hepatic artery thrombosis occurred after liver
transplantation.
Two (7.1%) patients who received an HBsAgpositive donor liver had acute cellular rejection with a
total of 1 event respectively for each patient.
Biliary complication occurred in seven patients
(25%); in particular five biliary stenosis and two biliary
leakages.
Five patients (17.9%) developed a major infection,
2 patients (7.1%) had an Hepatitis C recurrence.
Recurrence of HBV infection, confirmed his
tologically, occurred in 4 (14.3%) patients who
received HBsAg positive grafts. The mean time of
onset of HBV recurrence was 2.1 (± 1.4) mo.
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1.0

Table 2 Recipient characteristics n (%)

Transplant center (No. of patients)
Modena
Bologna
Padova
Gender
Male
Female
AB0 blood group
Isogroup
0
A
B
Age (yr), mean (range, SD)
Body mass index, mean (range, SD)
Real MELD score, mean (range, SD)
Correct MELD score, mean (range, SD)
UNOS status
2A
2B
3
Time waiting list (d), mean (range, SD)
Associated hepatocellular carcinoma
Meeting Milan criteria
Meeting UCSF criteria
HBsAg status
Positive
Negative
HBV DNA positive at LT
HCV co-infection
HDV co-infection

0.8

n = 28
Cum survival

Recipient variables

6 (21.4)
16 (57.1)
6 (21.4)
24 (85.7)
4 (14.3)

0.4
0.2

28 (100)
7 (25)
17 (60.7)
4 (14.3)
57.6 (26-67, ± 8.7)
25.3 (19-34, ± 3.1)
15.6 (7-33, ± 6.5)
26.7 (11-39, ± 7.2)

0.0
0 12 24 36 48   60 72   84   96  108 120
Months after LT

Figure 2 Patient and graft survival. LT: Liver transplantation.

In the first case should be taken into account
that those grafts must be carefully evaluated and
transplanted in recipients capable to overcome the
increased physiologic stress.
The ECD liver disease transmission risk is broken
into 2 separate categories: (1) viral transmission of
HCV, HBV, HTLV-1, and HTLV-2; and (2) malignancy
transmission. Our previously reported results are
consistent with other studies showing that it is safe
to allocate grafts from HCV positive donors into HCV
[21-25]
positive recipients
. The HCV positive donor liver
must have no evidence of cirrhosis or stage > 1
fibrosis. It is clear that HCV-positive livers should be
declassified as ECDs.

5 (17.5)
15 (53.6)
8 (28.6)
452 (37-1962, ± 393.5)
19 (69.7)
13 (46.4)
6 (21.4)
23 (82.1)
5 (17.9)
12 (52.1)
4 (14.3)
0

UCSF: University of California, San Francisco; LT: Liver transplantation;
HCV: Hepatitis C virus; HDV: Hepatitis D virus; MELD: Model for endstage disease.

HBV scenario: About 2 billion people have serological
evidence of present or past HBV infection worldwide,
and a prevalence of more than 350 million cases of
[26]
chronic infection is estimated .
The selection criteria of the recipient of HBcAbpositive donors are currently debated, while it has
been demonstrated that a lifelong antiviral therapy is
[23,27,28]
needed after transplantation of those grafts
. The
majority of chronic HBV infections is nowadays present
[29]
in the Western Pacific region , while a recent survey
from Korea showed an overall HBsAg prevalence of
3.7%. This group of ECD is currently underestimated
due to the high risk of HBV reactivation and to the
paucity of clinical data, and up-to-now they are not
used in most of the transplant centers.
Because of the existing shortage of organs, the
increased demand for LT, and given the possible
implications in terms of extension of the donor pool,
the use of HBsAg-positive grafts should be studied
to assess safety policies. To date, only a few studies
exist regarding the effect of donor HBsAg positivity
on survival (Table 5). These available reports yield
conflicting results and are limited by small sample
[30-38]
sizes and short follow-up
.
[31]
Gonzalez-Peralta et al
were the first to report
a successful LT of an HBsAg-positive graft into HBV
negative recipient, who shortly afterwards turns
HBsAg positive. Several reports in literature attested

and donors older than 65 years belong to such donors,
as well as steatosic liver allografts and patients with
previous exposure to HBV or HCV. Also the selection
HBsAg positive donors represents a way to expand the
pool of transplantable grafts.
On the other hand, living donor (LD) LT was
adopted in Eastern countries to counterbalance the
lack of deceased donors due to cultural reasons. Living
donors and split liver transplantation have been used
to contrast the donor shortage, but they have failed to
significantly decrease the number of patients on the
wait list. Those two approaches have ethical issues
and technical complexities that make them less than
[13-15]
ideal ways to expand the donor pool
. In addition,
living donor programs have been activated in a small
minority of transplant centers, and more institutions
have been forced to resort to the use of other marginal
organ donors.
As a matter of fact, wider acceptance criteria can
assure more donors available for transplantation and
several guidelines are available to classify donors as
[16-20]
standard or ECD
. Two main categories of ECD can
be identified: the first one includes grafts with risk of
dysfunction due to direct or indirect liver injury, the
second accounts for the risk of disease transmission
between donor and recipient.
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Table 3 Donor characteristics
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Age
59
13
69
72
66
60
73
51
54
72
60
65
50
48
26
52
79
46
61
53
44
23
57
59
35
36
23
66

Gender
M
F
M
F
M
M
M
M
M
F
F
M
M
M
M
F
F
F
M
F
F
F
F
M
F
M
M
F

AB0 Gr.
0
B
A
A
0
0
A
B
A
A
B
A
0
A
A
A
A
B
A
A
A
A
0
A
0
A
A
0

BMI
2
(kg/m )
26
19
24
27
22
26
26
23
24
23
29
29
24
23
23
28
24
29
29
25
24
21
24
24
23
25
29
27

Cause of Time ICU
death
(d)
CH
T
CH
CH
CH
CH
CH
CH
T
T
CH
CH
CH
T
T
CH
CH
CH
CH
CH
CH
other
CH
CH
CH
T
T
CH

2
21
3
7
5
4
2
6
13
2
8
3
12
2
1
1
19
2
3
6
6
7
4
1
1
2
2
3

Sodium
(mEq/mL)

Vasopressors

165
161
152
150
137
158
151
149
160
148
162
140
141
143
145
155
136
158
156
154
144
149
147
160
140
146
147
151

No
Yes
No
No
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Histologic activity index
Grading

Staging

Graft steatosis
macro

1
2
0
1
3
2
2
3
2
2
3
4
2
4
1
4
0
0
1
2
4
1
0
0
1
3
0
1

0
0
0
0
1
0
1
1
1
0
1
1
1
1
0
1
0
0
1
1
1
1
0
0
0
1
0
0

20%
0%
0%
35%
0%
0%
0%
10%
10%
0%
5%
30%
3%
5%
0%
0%
0%
0%
10%
4%
5%
0%
0%
5%
0%
0%
0%
10%

BMI: Body mass index; CH: Cerebral hemorrhage; T: Trauma; ICU: Intensive care unit.
[40-45]

lamivudine in late 1990s
. Although there is now a
consensus in favor of the use of HBIg in HBV-positive
recipients, its application in HBV positive donors is still
unclear.
Our study shows that the use of HBsAg positive grafts
is a safe procedure when carried out in combination with
appropriate antiviral therapy and when the graft fibrosis
is ≤ 1 and the grading score is ≤ 4.
The 4 Hepatitis B recurrences that we have followed
during the post-LT didn’t influence the graft and patient
survival. From our own experience, there were no cases
of PNF and the infectious and biliary complications were
similar to the cases of HBsAg negative graft recipients.
However, our research shows some relevant
limitations: first, even if it represents the major
European study, the number of patients is still too low
and therefore it doesn’t allow to establish ultimate
conclusions. Then, we have chosen to focus only on
a descriptive kind of analysis while for the future it
will be necessary to perform comparative studies and
matched analysis. Second, the lack of a common
serial protocol hepatic biopsies has not allowed to
examine the histological evolution of these grafts as
well as a serial protocol for the dosage of the HBsAg
quantification and the HBV-DNA level.

the use of HBIg and antiviral drugs against HBV such
as lamivudine, adefovir dipivoxil, and tenofovir in
[30,32-36,38]
recipients with HBsAg-positive grafts
. Loggi
[37]
et al
reported a series of 10 HBsAg-positive grafts
with HBIg and nucleos(t)ide analogue prophylaxis.
In their experience only one patient died due to HCV
recurrence over a mean follow-up period of 36.8 mo.
In a cohort with 8 patients out of 10 positive for HBsAg
after LT, no patient ever had any signs of active HBV
hepatitis.
However, there was no comparison of outcomes
between HBsAg-positive graft recipients with and
without HBIg prophylaxis.
Using comprehensive clinical data from the SRTR
[39]
database, Li et al
failed to identify any significant
association between the use of HBsAg-positive donors
and post-transplant graft or patient survival, after
adjusting for other predictors of post-transplant survival.
Their results demonstrate that HBsAg-positive donors
for liver transplantation are safe and comparable in
terms of outcomes and long-term survival to the use
of HBsAg-negative grafts. Furthermore, other studies
clearly showed that using HBIg may improve posttransplant survival in recipients with HBsAg-positive
grafts.
Several innovations have been introduced during the
last two decades to improve the outcomes of patients
receiving LT for HBV-related liver disease, such as
the administration of HBIg since the early 1990s and
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Table 4 Serological state of the recipient/donor
Case

HBsAg

HBsAb

HBcAb

HBeAg

HBeAb

HBV DNA

HDV

HDV RNA

HCV Ab

Therapy pre-LT

Mutation

R1
D1
R2
D2
R3
D3
R4
D4
R5
D5
R6
D6
R7
D7
R8
D8
R9
D9
R10
D10
R11
D11
R12
D12
R13
D13
R14
D14
R15
D15
R16
D16
R17
D17
R18
D18
R19
D19
R20
D20
R21
D21
R22
D22
R23
D23
R24
D24
R25
D25
R26
D26
R27
D27
R28
D28

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
-

-

+
+
+
+
+
+
-

Lam
No
Lam
No
Lam + Adef
No
Lam
No
Lam + Adef
No
Lam
No
No
No
No
No
Lam
No
Lam
No
No
No
Lam
No
Lam
No
Lam
No
No
No
Lam
No
Lam + Adef
No
Lam
No
Adefovir
No
Lam + Adef
No
NA
No
Lam
No
Lam
No
Lam
No
No
No
Lam
No
Adef
No
Lam
No

No
No
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
Yes
No
No
Yes
No
-

R: Recipient; D: Donor; LT: Liver transplant; Lam: Lamivudine; Adef: Adefovir.

that the utilization of grafts from deceased HBsAg
positive donors, according to our allocation criteria, is
feasible and HBV can be controlled with graft stability
if selection of grafts and postoperative antiviral
treatment are appropriately managed.
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This way it could be possible to expand the donor
pool, especially in the high-endemic areas where a
large proportion of patients are highly viremic and
HBeAg positive.
Long-term follow-up data and large-scale mul

2103

March 28, 2017|Volume 23|Issue 12|

Ballarin R et al . Outcome of LT from HbsAg donors
10

Table 5 Literature review
Ref.

Year

Cases

Franchello et al[46]
Jiang et al[34]
Loggi et al[37]
Saidi et al[48]
Choi et al[49]
Li et al[39]
Ju et al[50]
Yu et al[51]
Krishnamoorthi et al[47]
Jeng et al[52]

2005
2011
2012
2013
2013
2013
2013
2014
2014
2015

3
6
10
92
8
78
23
42
28
14

11

12

13
14

ticenter studies are required to confirm our findings.

REFERENCES
1

2

3

4

5

6

7

8

9

Tejeda-Maldonado J, García-Juárez I, Aguirre-Valadez J, GonzálezAguirre A, Vilatobá-Chapa M, Armengol-Alonso A, Escobar-Penagos
F, Torre A, Sánchez-Ávila JF, Carrillo-Pérez DL. Diagnosis and
treatment of hepatocellular carcinoma: An update. World J Hepatol
2015; 7: 362-376 [PMID: 25848464 DOI: 10.4254/wjh.v7.i3.362]
Dodson SF, de Vera ME, Bonham CA, Geller DA, Rakela J, Fung
JJ. Lamivudine after hepatitis B immune globulin is effective
in preventing hepatitis B recurrence after liver transplantation.
Liver Transpl 2000; 6: 434-439 [PMID: 10915164 DOI: 10.1053/
jlts.2000.6446]
Schiff E, Lai CL, Hadziyannis S, Neuhaus P, Terrault N, Colombo
M, Tillmann H, Samuel D, Zeuzem S, Villeneuve JP, Arterburn S,
Borroto-Esoda K, Brosgart C, Chuck S. Adefovir dipivoxil for waitlisted and post-liver transplantation patients with lamivudine-resistant
hepatitis B: final long-term results. Liver Transpl 2007; 13: 349-360
[PMID: 17326221 DOI: 10.1002/lt.20981]
Ueda Y, Marusawa H, Kaido T, Ogura Y, Ogawa K, Yoshizawa A,
Hata K, Fujimoto Y, Nishijima N, Chiba T, Uemoto S. Efficacy and
safety of prophylaxis with entecavir and hepatitis B immunoglobulin
in preventing hepatitis B recurrence after living-donor liver
transplantation. Hepatol Res 2013; 43: 67-71 [PMID: 22548744 DOI:
10.1111/j.1872-034X.2012.01020.x]
Kim WR, Terrault NA, Pedersen RA, Therneau TM, Edwards
E, Hindman AA, Brosgart CL. Trends in waiting list registration
for liver transplantation for viral hepatitis in the United States.
Gastroenterology 2009; 137: 1680-1686 [PMID: 19632234 DOI:
10.1053/j.gastro.2009.07.047]
Garg H, Sarin SK, Kumar M, Garg V, Sharma BC, Kumar A.
Tenofovir improves the outcome in patients with spontaneous
reactivation of hepatitis B presenting as acute-on-chronic liver failure.
Hepatology 2011; 53: 774-780 [PMID: 21294143 DOI: 10.1002/
hep.24109]
Dao DY, Seremba E, Ajmera V, Sanders C, Hynan LS, Lee WM.
Use of nucleoside (tide) analogues in patients with hepatitis B-related
acute liver failure. Dig Dis Sci 2012; 57: 1349-1357 [PMID:
22198704 DOI: 10.1007/s10620-011-2013-3]
Rosengard BR, Feng S, Alfrey EJ, Zaroff JG, Emond JC, Henry
ML, Garrity ER, Roberts JP, Wynn JJ, Metzger RA, Freeman RB,
Port FK, Merion RM, Love RB, Busuttil RW, Delmonico FL. Report
of the Crystal City meeting to maximize the use of organs recovered
from the cadaver donor. Am J Transplant 2002; 2: 701-711 [PMID:
12243491]
Zaroff JG, Rosengard BR, Armstrong WF, Babcock WD, D’
Alessandro A, Dec GW, Edwards NM, Higgins RS, Jeevanandum
V, Kauffman M, Kirklin JK, Large SR, Marelli D, Peterson TS, Ring
WS, Robbins RC, Russell SD, Taylor DO, Van Bakel A, Wallwork J,
Young JB. Consensus conference report: maximizing use of organs
recovered from the cadaver donor: cardiac recommendations, March
28-29, 2001, Crystal City, Va. Circulation 2002; 106: 836-841 [PMID:
12176957]

WJG|www.wjgnet.com

15
16

17
18

19

20
21

22

23

24

25

2104

Freeman RB, Edwards EB. Liver transplant waiting time does not
correlate with waiting list mortality: implications for liver allocation
policy. Liver Transpl 2000; 6: 543-552 [PMID: 10980052 DOI:
10.1053/jlts.2000.9744]
Brandsaeter B, Höckerstedt K, Friman S, Ericzon BG, Kirkegaard
P, Isoniemi H, Olausson M, Broome U, Schmidt L, Foss A, Bjøro
K. Fulminant hepatic failure: outcome after listing for highly urgent
liver transplantation-12 years experience in the nordic countries.
Liver Transpl 2002; 8: 1055-1062 [PMID: 12424720 DOI: 10.1053/
jlts.2002.35556]
Venettoni S, Grigioni W, Grossi P, Gianelli Castiglione A, Nanni
Costa A. Criteria and terms for certified suitability of organ donors:
assumptions and operational strategies in Italy. Ann Ist Super Sanita
2007; 43: 279-286 [PMID: 17938459]
Busuttil RW, Goss JA. Split liver transplantation. Ann Surg 1999;
229: 313-321 [PMID: 10077042]
Miller C, Florman S, Kim-Schluger L, Lento P, De La Garza J, Wu
J, Xie B, Zhang W, Bottone E, Zhang D, Schwartz M. Fulminant
and fatal gas gangrene of the stomach in a healthy live liver donor.
Liver Transpl 2004; 10: 1315-1319 [PMID: 15376309 DOI: 10.1002/
lt.20227]
Miller CM. Regulation and oversight of adult living donor liver
transplantation. Liver Transpl 2003; 9: S69-S72 [PMID: 14528433
DOI: 10.1053/jlts.2003.50220]
Bernat JL, D’Alessandro AM, Port FK, Bleck TP, Heard SO,
Medina J, Rosenbaum SH, Devita MA, Gaston RS, Merion RM, Barr
ML, Marks WH, Nathan H, O’connor K, Rudow DL, Leichtman AB,
Schwab P, Ascher NL, Metzger RA, Mc Bride V, Graham W, Wagner
D, Warren J, Delmonico FL. Report of a National Conference on
Donation after cardiac death. Am J Transplant 2006; 6: 281-291
[PMID: 16426312 DOI: 10.1111/j.1600-6143.2005.01194.x]
Busuttil RW, Tanaka K. The utility of marginal donors in liver
transplantation. Liver Transpl 2003; 9: 651-663 [PMID: 12827549
DOI: 10.1053/jlts.2003.50105]
Renz JF, Kin C, Kinkhabwala M, Jan D, Varadarajan R, Goldstein
M, Brown R, Emond JC. Utilization of extended donor criteria
liver allografts maximizes donor use and patient access to liver
transplantation. Ann Surg 2005; 242: 556-563; discussion 563-565
[PMID: 16192816]
Mor E, Klintmalm GB, Gonwa TA, Solomon H, Holman MJ, Gibbs
JF, Watemberg I, Goldstein RM, Husberg BS. The use of marginal
donors for liver transplantation. A retrospective study of 365 liver
donors. Transplantation 1992; 53: 383-386 [PMID: 1738933]
Wall WJ, Mimeault R, Grant DR, Bloch M. The use of older donor
livers for hepatic transplantation. Transplantation 1990; 49: 377-381
[PMID: 2305468]
Ballarin R, Cucchetti A, Spaggiari M, Montalti R, Di Benedetto F,
Nadalin S, Troisi RI, Valmasoni M, Longo C, De Ruvo N, Cautero
N, Cillo U, Pinna AD, Burra P, Gerunda GE. Long-term followup and outcome of liver transplantation from anti-hepatitis C
virus-positive donors: a European multicentric case-control study.
Transplantation 2011; 91: 1265-1272 [PMID: 21478815 DOI:
10.1097/TP.0b013e318219eb8f]
Marroquin CE, Marino G, Kuo PC, Plotkin JS, Rustgi VK, Lu
AD, Edwards E, Taranto S, Johnson LB. Transplantation of hepatitis
C-positive livers in hepatitis C-positive patients is equivalent to
transplanting hepatitis C-negative livers. Liver Transpl 2001; 7:
762-768 [PMID: 11552208 DOI: 10.1053/jlts.2001.27088]
Saab S, Chang AJ, Comulada S, Geevarghese SK, Anselmo RD,
Durazo F, Han S, Farmer DG, Yersiz H, Goldstein LI, Ghobrial
RM, Busuttil RW. Outcomes of hepatitis C- and hepatitis B core
antibody-positive grafts in orthotopic liver transplantation. Liver
Transpl 2003; 9: 1053-1061 [PMID: 14526400 DOI: 10.1053/
jlts.2003.50208]
Saab S, Ghobrial RM, Ibrahim AB, Kunder G, Durazo F, Han S,
Farmer DG, Yersiz H, Goldstein LI, Busuttil RW. Hepatitis C positive
grafts may be used in orthotopic liver transplantation: a matched
analysis. Am J Transplant 2003; 3: 1167-1172 [PMID: 12919097]
Vargas HE, Laskus T, Wang LF, Lee R, Radkowski M, Dodson F,
Fung JJ, Rakela J. Outcome of liver transplantation in hepatitis C
virus-infected patients who received hepatitis C virus-infected grafts.

March 28, 2017|Volume 23|Issue 12|

Ballarin R et al . Outcome of LT from HbsAg donors

26
27

28

29

30

31

32

33

34

35

36

37

38

39

Gastroenterology 1999; 117: 149-153 [PMID: 10381921]
Lavanchy D. Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control measures.
J Viral Hepat 2004; 11: 97-107 [PMID: 14996343]
Donataccio D, Roggen F, De Reyck C, Verbaandert C, Bodeus
M, Lerut J. Use of anti-HBc positive allografts in adult liver
transplantation: toward a safer way to expand the donor pool.
Transpl Int 2006; 19: 38-43 [PMID: 16359375 DOI: 10.1111/
j.1432-2277.2005.00225.x]
Jain A, Orloff M, Abt P, Kashyap R, Mohanka R, Lansing K, Kelley
M, Bozorgzadeh A. Use of hepatitis B core antibody-positive liver
allograft in hepatitis C virus-positive and -negative recipients with
use of short course of hepatitis B immunoglobulin and Lamivudine.
Transplant Proc 2005; 37: 3187-3189 [PMID: 16213345 DOI:
10.1016/j.transproceed.2005.07.049]
Clements CJ, Baoping Y, Crouch A, Hipgrave D, Mansoor O,
Nelson CB, Treleaven S, van Konkelenberg R, Wiersma S. Progress
in the control of hepatitis B infection in the Western Pacific Region.
Vaccine 2006; 24: 1975-1982 [PMID: 16361001 DOI: 10.1016/
j.vaccine.2005.11.035]
Bahde R, Hölzen JP, Wolters HH, Schmidt HH, Bock CT, Lügering A,
Spieker T, Senninger N, Brockmann JG. Course of a HBsAg positive
liver transplantation in a hepatitis B and D virus coinfected recipient.
Ann Hepatol 2011; 10: 355-360 [PMID: 21677340]
González-Peralta RP, Andres JM, Tung FY, Fang JW, Brunson ME,
Davis GL, Lau JY. Transplantation of a hepatitis B surface antigenpositive donor liver into a hepatitis B virus-negative recipient.
Transplantation 1994; 58: 114-116 [PMID: 8036699]
Ho JK, Harrigan PR, Sherlock CH, Steinbrecher UP, Erb SR, Mo
T, Chung SW, Buczkowski AK, Intaraprasong P, Scudamore CH,
Yoshida EM. Utilization of a liver allograft from a hepatitis B surface
antigen positive donor. Transplantation 2006; 81: 129-131 [PMID:
16421489]
Hwang S, Lee SG, Park KM, Kim KH, Ahn CS, Oh HB, Moon DB,
Ha TY, Lim YS, Jung DH. Five-year follow-up of a hepatitis B viruspositive recipient of hepatitis B surface antigen-positive living donor
liver graft. Liver Transpl 2006; 12: 993-997 [PMID: 16721765 DOI:
10.1002/lt.20799]
Jiang L, Yan L, Li B, Wen T, Zhao J, Jiang L, Yang J, Xu M, Wang W.
Successful use of hepatitis B surface antigen-positive liver grafts in
recipients with hepatitis B virus-related liver diseases. Liver Transpl
2011; 17: 1236-1238 [PMID: 21748846 DOI: 10.1002/lt.22379]
Jiao Z, Zhang Y, Han L, Zeng Y, Yan L. Four-year follow-up of
two chronic hepatitis B recipients of hepatitis B surface antigenpositive cadaveric liver grafts from asymptomatic carriers. Hepatol
Res 2011; 41: 846-852 [PMID: 21883736 DOI: 10.1111/j.1872034X.2011.00840.x]
Loggi E, Bihl F, Chisholm JV, Biselli M, Bontadini A, Vitale G,
Ercolani G, Grazi GL, Pinna AD, Bernardi M, Brander C, Andreone
P. Anti-HBs re-seroconversion after liver transplantation in a
patient with past HBV infection receiving a HBsAg positive graft.
J Hepatol 2009; 50: 625-630 [PMID: 19157623 DOI: 10.1016/
j.jhep.2008.08.026]
Loggi E, Micco L, Ercolani G, Cucchetti A, Bihl FK, Grazi GL, Gitto
S, Bontadini A, Bernardi M, Grossi P, Costa AN, Pinna AD, Brander
C, Andreone P. Liver transplantation from hepatitis B surface antigen
positive donors: a safe way to expand the donor pool. J Hepatol 2012;
56: 579-585 [PMID: 22027583 DOI: 10.1016/j.jhep.2011.09.016]
Soejima Y, Shimada M, Taketomi A, Yoshizumi T, Uchiyama H,
Ikegami T, Nakamuta M, Maehara Y. Successful living donor liver
transplantation using a graft from a hepatitis B surface antigenpositive donor. Liver Int 2007; 27: 1282-1286 [PMID: 17919241
DOI: 10.1111/j.1478-3231.2007.01528.x]
Li Z, Hu Z, Xiang J, Zhou J, Yan S, Wu J, Zhou L, Zheng S. Use of
hepatitis B surface antigen-positive grafts in liver transplantation: a

40

41

42

43

44

45

46

47

48

49

50

51

52

matched analysis of the US National database. Liver Transpl 2014;
20: 35-45 [PMID: 24142889 DOI: 10.1002/lt.23774]
Samuel D, Muller R, Alexander G, Fassati L, Ducot B, Benhamou
JP, Bismuth H. Liver transplantation in European patients with the
hepatitis B surface antigen. N Engl J Med 1993; 329: 1842-1847
[PMID: 8247035 DOI: 10.1056/NEJM199312163292503]
Terrault NA, Zhou S, Combs C, Hahn JA, Lake JR, Roberts JP,
Ascher NL, Wright TL. Prophylaxis in liver transplant recipients
using a fixed dosing schedule of hepatitis B immunoglobulin.
Hepatology 1996; 24: 1327-1333 [PMID: 8938155 DOI: 10.1002/
hep.510240601]
Dienstag JL, Perrillo RP, Schiff ER, Bartholomew M, Vicary C,
Rubin M. A preliminary trial of lamivudine for chronic hepatitis B
infection. N Engl J Med 1995; 333: 1657-1661 [PMID: 7477217
DOI: 10.1056/NEJM199512213332501]
Han SH, Ofman J, Holt C, King K, Kunder G, Chen P, Dawson
S, Goldstein L, Yersiz H, Farmer DG, Ghobrial RM, Busuttil RW,
Martin P. An efficacy and cost-effectiveness analysis of combination
hepatitis B immune globulin and lamivudine to prevent recurrent
hepatitis B after orthotopic liver transplantation compared with
hepatitis B immune globulin monotherapy. Liver Transpl 2000; 6:
741-748 [PMID: 11084061 DOI: 10.1053/jlts.2000.18702]
Marzano A, Salizzoni M, Debernardi-Venon W, Smedile A,
Franchello A, Ciancio A, Gentilcore E, Piantino P, Barbui AM, David
E, Negro F, Rizzetto M. Prevention of hepatitis B virus recurrence
after liver transplantation in cirrhotic patients treated with lamivudine
and passive immunoprophylaxis. J Hepatol 2001; 34: 903-910
[PMID: 11451175]
Zheng S, Chen Y, Liang T, Lu A, Wang W, Shen Y, Zhang M.
Prevention of hepatitis B recurrence after liver transplantation using
lamivudine or lamivudine combined with hepatitis B Immunoglobulin
prophylaxis. Liver Transpl 2006; 12: 253-258 [PMID: 16447195
DOI: 10.1002/lt.20701]
Franchello A, Ghisetti V, Marzano A, Romagnoli R, Salizzoni M.
Transplantation of hepatitis B surface antigen-positive livers into
hepatitis B virus-positive recipients and the role of hepatitis delta
coinfection. Liver Transpl 2005; 11: 922-928 [PMID: 16035057 DOI:
10.1002/lt.20471]
Krishnamoorthi R, Manickam P, Cappell MS. Liver transplantation
of hepatitis B surface antigen positive donors to hepatitis B core
antibody recipients: analysis of 27 patients. Minerva Gastroenterol
Dietol 2014; 60: 113-118 [PMID: 24780945]
Saidi RF, Jabbour N, Shah SA, Li YF, Bozorgzadeh A. Liver
transplantation from hepatitis B surface antigen-positive donors.
Transplant Proc 2013; 45: 279-280 [PMID: 23267801 DOI: 10.1016/
j.transproceed.2012.05.077]
Choi Y, Choi JY, Yi NJ, Lee K, Mori S, Hong G, Kim H, Park MS,
Yoo T, Suh SW, Lee HW, Lee KW, Suh KS. Liver transplantation
for HBsAg-positive recipients using grafts from HBsAg-positive
deceased donors. Transpl Int 2013; 26: 1173-1183 [PMID: 24131436
DOI: 10.1111/tri.12177]
Ju W, Chen M, Guo Z, Wang D, Zhu X, Huang J, He X. Allografts
positive for hepatitis B surface antigen in liver transplant for disease
related to hepatitis B virus. Exp Clin Transplant 2013; 11: 245-249
[PMID: 23176583 DOI: 10.6002/ect.2012.0095]
Yu S, Yu J, Zhang W, Cheng L, Ye Y, Geng L, Yu Z, Yan S, Wu L,
Wang W, Zheng S. Safe use of liver grafts from hepatitis B surface
antigen positive donors in liver transplantation. J Hepatol 2014; 61:
809-815 [PMID: 24824283 DOI: 10.1016/j.jhep.2014.05.003]
Jeng LB, Thorat A, Yang HR, Yeh CC, Chen TH, Hsu CH, Hsu
SC, Poon KS, Li PC, Lai HC, Su WP, Peng CY. Successful use of
hepatitis B surface antigen-positive liver grafts - an effective source
for donor organs in endemic areas: a single-center experience. Ann
Transplant 2015; 20: 103-111 [PMID: 25703063 DOI: 10.12659/
AOT.893032]
P- Reviewer: Boletis IN, Elsiesy H, Jin B S- Editor: Yu J
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

2105

March 28, 2017|Volume 23|Issue 12|

World J Gastroenterol 2017 March 28; 23(12): 2106-2123

Submit a Manuscript: http://www.wjgnet.com/esps/
DOI: 10.3748/wjg.v23.i12.2106

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Regulation of intestinal permeability: The role of proteases
Hanne Van Spaendonk, Hannah Ceuleers, Leonie Witters, Eveline Patteet, Jurgen Joossens, Koen Augustyns,
Anne-Marie Lambeir, Ingrid De Meester, Joris G De Man, Benedicte Y De Winter
Peer-review started: September 27, 2016
First decision: December 19, 2016
Revised: January 20, 2017
Accepted: March 2, 2017
Article in press: March 2, 2017
Published online: March 28, 2017

Hanne Van Spaendonk, Hannah Ceuleers, Leonie Witters,
Eveline Patteet, Joris G De Man, Benedicte Y De Winter,
Laboratory of Experimental Medicine and Pediatrics, Division
of Gastroenterology, University of Antwerp, 2610 Antwerp,
Belgium
Jurgen Joossens, Koen Augustyns, Laboratory of Medicinal
Chemistry and Antwerp Drug Discovery Network, University of
Antwerp, 2610 Antwerp, Belgium

Abstract
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The gastrointestinal barrier is - with approximately 400
2
m - the human body’s largest surface separating the
external environment from the internal milieu. This
barrier serves a dual function: permitting the absorption
of nutrients, water and electrolytes on the one hand,
while limiting host contact with noxious luminal
antigens on the other hand. To maintain this selective
barrier, junction protein complexes seal the intercellular
space between adjacent epithelial cells and regulate the
paracellular transport. Increased intestinal permeability
is associated with and suggested as a player in the
pathophysiology of various gastrointestinal and extraintestinal diseases such as inflammatory bowel disease,
celiac disease and type 1 diabetes. The gastrointestinal
tract is exposed to high levels of endogenous and
exogenous proteases, both in the lumen and in the
mucosa. There is increasing evidence to suggest that
a dysregulation of the protease/antiprotease balance
in the gut contributes to epithelial damage and
increased permeability. Excessive proteolysis leads to
direct cleavage of intercellular junction proteins, or
to opening of the junction proteins via activation of
protease activated receptors. In addition, proteases
regulate the activity and availability of cytokines and
growth factors, which are also known modulators of
intestinal permeability. This review aims at outlining
the mechanisms by which proteases alter the intestinal
permeability. More knowledge on the role of proteases
in mucosal homeostasis and gastrointestinal barrier
function will definitely contribute to the identification
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cell layer and patrolling antigen presenting cells (APC)
in the lamina propria. The M cells constantly sample
luminal antigens and deliver them to APC such as
dendritic cells and macrophages. Innocuous antigens
drive the APCs to create a tolerogenic environment
with the production of immunosuppressive factors
such as IL-10, TGF-β and nitric oxide. Further tolerance
is thereby created through the induction of regulatory
[4]
T cells . Noxious antigens are also recognized by the
APCs and trigger the activation of the inflammatory
[5,6]
cascade, starting with T cell activation .
The movement of molecules, solutes and ions
across the intestinal epithelial cell layer can take place
by the trans- or paracellular pathway. Transcellular
transport is the main route for nutrient absorption
and is facilitated through size- and charge- selective
channels and transporters. The paracellular pathway is
less selective since it occurs through the intercellular
space between neighboring intestinal epithelial cells.
The capacity of this paracellular pathway is however
low as cells are bound tightly together by junction
proteins, with particularly the tight junctions (TJ)
[7]
regulating transport in response to numerous stimuli .
In the last decade, a barrier defect is suggested
as a common factor in the onset of various local and
systemic diseases of an inflammatory, autoimmune or
functional nature such as inflammatory bowel disease
(IBD), celiac disease, irritable bowel syndrome (IBS),
[8-13]
type 1 diabetes mellitus and multiple sclerosis
.
For more detailed information on the relation between
intestinal barrier function and these disease pathologies,
we refer the readers to Odenwald and Turner who nicely
[14]
reviewed this topic in 2013 and very recently updated
[15]
their overview in 2016 . Although the literature data
are rather scarce, proteases are believed to regulate
the intestinal permeability. They can intervene directly
by their proteolytic action on the junction proteins,
both intra- and extracellularly, and indirectly through
activation of proteinase-activated receptors (PARs).
This review provides an overview of the proteases
(Table 1) putting emphasis on their role as regulators
of the intestinal paracellular permeability.

of new therapeutic targets for permeability-related
diseases.
Key words: Intestinal permeability; Intestinal barrier;
Tight junction; Paracellular permeability; Proteases;
Proteinase-activated receptor; Protease inhibitor;
Antiproteases
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Increased intestinal permeability is a novel
player in the pathophysiology of various intestinal
and extra-intestinal diseases such as inflammatory
bowel disease, celiac disease and type 1 diabetes.
A dysregulated protease/antiproteases balance is
suggested as a cause of intestinal barrier dysfunction,
with a subsequent increase in permeability. Immune
cells infiltrating in the lamina propria during
inflammatory conditions provide a pro-inflammatory
environment by the production of cytokines and
proteases. Protease inhibition has therapeutic potential
but more research is needed to elucidate the exact
involvement of specific proteases in gut physiology and
intestinal barrier function.
Van Spaendonk H, Ceuleers H, Witters L, Patteet E, Joossens J,
Augustyns K, Lambeir AM, De Meester I, De Man JG, De Winter
BY. Regulation of intestinal permeability: The role of proteases.
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INTRODUCTION
The intestinal barrier represents the largest interface
between the external environment and the internal
milieu. Given the enormous intraluminal load of
essential and noxious molecules, a selectively per
meable barrier is indispensable for maintaining
[1]
mucosal homeostasis . The intestinal barrier serves
a dual function: on the one hand limiting host contact
with pathogens and antigens and on the other hand at
the same time allowing the absorption of nutrients and
water. Physical, biochemical and immune elements
make up the heterogeneous intestinal barrier and
collaborate to exert these functions. Firstly, the mucus
layer covers the entire epithelial cell surface and
consists of gel-forming mucins, produced by the goblet
cells. This chemical barrier also contains defensins or
antimicrobial peptides that are secreted by Paneth cells
[2]
within the epithelial cell layer . Secondly, the epithelial
cell layer itself is a physical barrier that consists for
80% of enterocytes, regulating nutrient absorption
via specific transporters, channels and receptors
[3]
(transcellular transport) . Finally, the immunological
barrier consists of microfold (M) cells in the epithelial
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INTESTINAL TIGHT JUNCTIONS
REGULATE PARACELLULAR
PERMEABILITY
The intercellular spaces between neighboring intestinal
epithelial cells are sealed by the apical junction
complex, which contains TJs and adherens junctions,
and by the subjacent desmosomes (Figure 1). The
selective paracellular permeability is mediated by the
TJs, which encircle the apical end of the intercellular
[7]
spaces . Various proteins make up TJs, including
the adhesive transmembrane proteins occludin,
claudins and junctional adhesion molecules as well
as cytoplasmic proteins such as zonula occludens
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Table 1 Overview of proteases affecting intestinal permeability
Protease
Serine proteases
Matriptase

Effect

Model

Mechanism of action

Ref.

Protective

ST14 hypomorphic mice

Genetic depletion of matriptase induces
an increase in intestinal permeability
(decreased TER and increased FITCdextran flux)
Inhibition of matriptase with silencing
RNA and the synthetic inhibitor MI-432
increased the intestinal permeability
(decreased TER and increased FITCdextran flux)
GrzM-/- mice display a permeability
increase (FITC-dexran method)
↑ Permeability after exposure to gliadin
(triggers zonulin release; disruption of
occludin and ZO-1)
Zonulin-dependent permeability increase
in diabetic rats was abolished after oral
treatment with zonulin inhibitor FZI/0
(AT1001/Larazotide)

[65, 66]

Epithelial cell monolayer

Granzyme M
Zonulin, Zonula occludens toxin
(Zot)

Protective

GrzM-/- mice

Harmful

Human epithelial cell monolayer

Ileal tissue of diabetes prone rats

PAR2 activation
Trypsin, tryptase, chymase,
synthetic SLIGRL

[65, 68]

[73]
[76]

[82]

Harmful

WT mice, WT rats

↑ Permeability due to PAR2 activation
(confirmed by selective PAR2 agonist
SLIGRL; increased 51Cr-EDTA flux)

[47, 48, 51]

PAR4 activation
Cathepsin G

Harmful

Colonic biopsies from UC and healthy
patients

↑ Permeability in response to UC fecal
supernatant was abolished by cathepsin
G inhibition

[58]

PAR1 activation
Thrombin, synthetic TFLLR-NH2

Harmful

WT mice, epithelial cell monolayer

↑ Permeability after PAR1 activation
(caspase-3 mediated; disruption of ZO-1)

[62]

Protective

Gluten sensitive mice

↓ Permeability after elafin delivery by
recombinant Lactococcus lactis
(51Cr-EDTA flux)
Treatment with elafin normalized the
TNF-a-induced increase in paracellular
permeability (FITC-dextran method)

[87]

Treatment with camostat mesilate
normalized the elevated permeability
in the rats (51Cr-EDTA flux and ZO-1
expression)
Nafamostat abolished the trypsininduced hyperpermeability
(macromolecular flux in Ussing
chambers)
Treatment with nafamostat normalized
the tryptase-induced permeability
increase (TER and FITC-dextran method)
Treatment with SPI normalized the
increased permeability in the T-cell
transfer colitis model (FITC-dextran
method)

[89]

Endogenous inhibitors
Elafin

Human epithelial cell monolayer

Synthetic inhibitors
Camostat mesilate

Nafamostat mesilate

Protective

Rat IBS model

Protective

Rectal biopsies from IBS and healthy
patients

Human epithelial cell monolayer

SPI

Metalloproteases
Meprin b
Matrix metalloproteinases
MMP-2
MMP-9

[88]

[94]

[95]

Protective

IBD mouse model

Protective

Mep1b-/- mice

Meprin b cleaves MUC2 and alters mucus
composition

[128, 129]

Protective

MMP-2-/- mice

[111]

Harmful

MMP-9-/- mice

↑ permeability in MMP-2-/- mice
(FITC-dextran method)
= Permeability in MMP-9-/- mice after
DSS (FITC-dextran method; no increase
in MLCK expression)
↑ Goblet cells and MUC2 expression in
MMP-9-/- mice
↑ Permeability in mice overexpressing
MMP-9 (FITC-dextran method)

MMP-9-/- mice
MMP-9 transgenic mice
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MMP-3, MMP-7
ADAM
TACE/ADAM17

Harmful

Epithelial cell culture

Harmful

Human and mouse colon samples
Caco-2

MMP-7 cleaves E-cadherin

[121]

↑ TACE activity in IBD; ↑ TNF-a release; [131, 134, 135]
↑ TNF-a-induced permeability increase
↓ Permeability after TACE inhibition (by
[136]
TAPI-2 and GM6001)

Cysteine proteases
Caspase-3, caspase-8

Harmful

Human epithelial cell monolayer

↓ Cell-cell adhesion (epithelial cell
apoptosis; disruption of TJ proteins
occludin and claudin-4)

[144]

Endogenous inhibitor
Cystatin

No effect

WT mice

No effect on colonic paracellular
permeability (51Cr-EDTA flux)

[51]

Harmful

Human epithelial cell monolayer

↑ Permeability (decreased TER and
increase in mannitol flux)

[149, 150]

Entamoeba histolytica
Cysteine protease

Harmful

Mice transfected with E. histolytica
trophozoites

↑ Permeability (FITC-dextran method)

[151]

Enterococcus faecalis
Gelatinases

Harmful

IL10-/- mice
Epithelial cell monolayers

↑ Permeability (E-cadherin splicing)
↑ Permeability (PAR2 signaling)

[156]
[155]

Dermatophagoides pteronyssinus
Der p 1

Harmful

Human colonic biopsies

↑ Permeability (decreased TER in Ussing
chambers; disruption of TJ proteins
occludin and ZO-1

[158]

Kiwifruit cysteine protease
Act d1

Harmful

Epithelial cell monolayer

↑ Permeability (disruption of TJ proteins
occludin and ZO-1)
↑ Permeability (FITC-dextran method)

[162]

Improved mucosal homeostasis through
alteration of the microbiome composition
and SCFA induction

[163]

Luminal proteases
Bacteroides fragilis
Fragilysin

WT mice
Aspergillus
Amano SD

Protective

WT rat

[161]

TJ: Tight junction; PARs: Proteinase-activated receptors; MLC: Myosin light chain; MLCK: Myosin light chain kinase; PKC: Protein kinase C; ROCK: Rhoassociated protein kinase; ZO-1: Zonula occludens 1.

(ZO) proteins (Figure 2). The latter act as scaffolding
proteins that connect the transmembrane proteins at
their cytoplasmic C-terminal strands with F-actin, a
[16]
filamentous cytoskeleton component . The adherens
junction transmembrane protein, epithelial-cadherin
(E-cadherin), is connected to F-actin via intracellular
[17]
proteins of the catenin-family .
The opening of the intercellular spaces is achieved
by contraction of the actomyosin microfilaments.
Myosin is a motor protein that co-localizes with
F-actin and converts chemical energy from adenosine
triphosphate into mechanical energy. A crucial step
in the induction of this mechanochemical contractile
machinery is the phosphorylation of myosin light chain
(MLC), the regulatory component of myosin (Figure
2). Myosin light chain kinase (MLCK) mediates the
phosphorylation of MLC upon activation in response to
2+
Ca /calmodulin binding. However, there is evidence
for other intracellular signaling pathways besides the
calmodulin pathway to activate MLCK. The extracellular
signal-regulated kinases (ERK1/2) have shown to
[18]
induce MLCK activation . Protein kinase C (PKC) on
the other hand favors the phosphorylation of MLC
by the inhibition of myosin light chain phosphatase
[19]
(MLCP), the enzyme that dephosphorylates MLC .
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Rho-associated protein kinase (ROCK) can increase
contractility both by activating MLCK and inactivating
[20]
MLCP, favoring MLC phosphorylation . The pho
sphorylation status of myosin light chain induces a
change in myosin tertiary structure causing myosin
to “walk” along the actin filaments, increasing the
tension in the cytoskeleton resulting in the disruption
[21,22]
and cytosolic migration of TJ proteins
. This results
in an impaired barrier function which is also referred
to as a “leaky” barrier. Potentially noxious luminal
proteins can now migrate to the underlying mucosal
tissue and provoke a pro-inflammatory response.
Even whole bacteria can cross the epithelial cells
unrestricted at sites of epithelial damage caused by
erosions and ulcers in GI disease. A “leaky” gut and
[14]
epithelial damage often co-exist in disease state .

MUCOSAL IMMUNOLOGY AND BARRIER
FUNCTION
In both physiological and pathological conditions,
various mediators are able to affect the TJ conformation
in order to control the paracellular permeability in
epi- and endothelial cell layers throughout the body.
Growth factors, cytokines, intestinal bacteria, dietary
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Figure 1 Proteases mediate gut barrier function. Intestinal epithelial cells are constantly exposed to proteases, both on their apical and basolateral side. Luminal
proteases can be endogenous (e.g., pancreatic proteases) or can originate form bacteria or food particles present in the lumen. Their proteolytic activity can cause
damage to the mucus layer and the junction proteins, affecting the barrier function. In the lamina propria, proteases are produced by various inflammatory cells and
by the intestinal epithelial cells. In inflammatory conditions such as inflammatory bowel disease (IBD), immune cells infiltrate in the lamina propria where they produce
various cytokines and proteases, contributing to the pro-inflammatory environment. Proteases stimulate immune cells to produce cytokines and vice versa. Besides,
they alter the paracellular permeability by direct proteolytic cleaving of the junction proteins and by activation of the proteinase-activated receptors (PARs) on the
epithelial cell surface, that induces a contraction of the actomyosin complex and subsequent opening of the apical junction complex (AJC; more in detail in Figure 2).

TNF-α and IFN-γ regulate the paracellular permeability
through the activation of MLCK, resulting in MLC
[28-30]
hyperphosphorylation and opening of the TJs
,
while IL-4 and IL-13 increase paracellular permeability
through the induction of the pore-forming claudin-2
[31-33]
and apoptotic pathways
.
Next to cytokines also proteases are released
into the mucosa by inflammatory cells such as ma
crophages, neutrophils and mast cells to regulate
inflammation. On the one hand these proteases
degrade the extracellular matrix, mucosal proteins and
[34]
even live bacteria . On the other hand, proteases act
as signaling molecules via specific receptors, which will
be discussed in the next section.
Intestinal epithelial cells also express receptors for
cytokine and protease signaling. Since the apical and
basolateral membranes of the intestinal epithelial cells
are constantly exposed to large amounts of bacterial

components and proteases are known to regulate
[3,23-25]
the intestinal TJ opening
. Though the barrierregulating capacity of pro-inflammatory cytokines is
well studied, the effect of other mediators has received
[24,26]
far less attention
.
An inflamed mucosa -as seen in IBD patients- is
characterized by the presence of cytokines amongst
which TNF-α and IFN-γ, which are produced by a
variety of cells including macrophages, T-cells and
natural killer (NK) cells. The binding of these cytokines
to specific receptors on the surface of infiltrating
immune cells initiates a cascade of events starting
with the activation of cell signaling pathways leading
to the production of more inflammatory mediators
(NFκB) or apoptosis maintaining on their turn the
inflammatory process. Extensive reviews have been
[24,27]
published on the regulation of TJs by cytokines
.
It has been shown in cell culture experiments that
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Figure 2 A more detailed representation of the apical junction complex at the intercellular surface between adjacent intestinal epithelial cells. Tight
junctions are comprised of three types of transmembrane proteins: occludin, claudins and junctional adhesion molecules (JAMs). Adaptor proteins such as zonula
occludens 1 (ZO-1), ZO-2 and ZO-3 connect the transmembrane proteins to filamentous actin. This cytoskeleton component interacts with myosin to induce a
contraction, followed by the opening of the intercellular space. Myosin light chain (MLC) is the main regulator of this contractile machinery. Contraction occurs when
MLC is phosphorylated. This is regulated through the activity of myosin light chain kinase (MLCK) and myosin light chain phosphatase (MLCP), which is on their turn
regulated by intracellular signaling pathways involving for instance the extracellular signal-regulated kinases (ERK1/2), calcium, calmodulin, protein kinase C (PKC) or
Rho-associated protein kinase (ROCK).

and endogenous proteases, the function of these
proteolytic enzymes in intestinal barrier homeostasis
should be further elucidated.

tory cells produce luminal and mucosal proteases
exerting various biological functions, both intra- and
extracellularly. For instance, proteases are vital in
inflammation, apoptosis, coagulation and cell growth
[35,36]
and migration
. Since excessive proteolysis can
cause tissue damage, a tight regulation of protease
activity in order to prevent pathology is necessary.
There are multiple mechanisms that control the
protease activity such as the synthesis as inactive
zymogens that require proteolytic cleaving for
activation and on the other hand the termination
of protease activity by endogenous inhibitors or

PROTEASES AND PROTEINASEACTIVATED RECEPTORS
Defined in general manner, proteases are enzymes
that hydrolyze a peptide bond and in this respect
they are best known for their digestive properties
e.g., pancreatic proteases. However, also bacteria,
epithelial cells, resident and infiltrating inflamma
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antiproteases. A dysregulation in the protease balance
with an increased protease activity has been observed
in gastrointestinal diseases such as IBD and IBS,
making protease inhibition by endogenous or synthetic
[37]
inhibitors a potential therapeutic intervention .
Proteases are classified based on their mechanism of
hydrolysis of the target peptide bond. This implicates
that all proteases that belong to the same clan, share
the same nucleophilic amino acid in their active site
and are more likely to react with the same inhibitors.
In mammals, five classes of proteases have been
identified: serine-, metallo-, cysteine-, aspartate- and
threonine proteases.
Proteases are not merely degrading enzymes.
They can also act as signaling molecules by the
proteolytic activation of the PARs. Four receptors
have been identified in this family (PAR 1, PAR2,
[38]
PAR3, PAR4) . Activation of these G-protein coupled
receptors occurs after the proteolytic truncation of
the N-terminal extracellular tail, releasing a new
N-terminus that functions as a tethered ligand. This
specific domain binds the second of three extracellular
loops on the receptor and thereby generates an
intracellular signal. PARs are expressed ubiquitously
among tissues and cell types. In the gut, they are
present on epithelial cells, endothelial cells, neurons,
inflammatory cells, mast cells, smooth muscle cells
and fibroblasts. Depending on the cell type, different
[39]
signaling pathways have been described . This
also implicates that proteases mediate different
GI physiological processes such as motility, cell
proliferation and apoptosis, immune response,
cytokine production, neurogenic inflammation,
pain and epithelial barrier function through PAR
[40]
activation . For a more detailed description of this
topic, we refer the reader to the companion review
in (WJG Dec. 2016) from our group, illustrating this
[41]
topic in detail .

activation on the other hand belong to the serine clan
[8]
of proteases . In inflammatory cells, the activation of
the G-protein coupled pathway leads to downstream
activation and nuclear translocation of NFκB. In
response, the cell synthesizes pro-inflammatory
[46]
cytokines boosting inflammation . In epithelial cells,
paracrine signaling of proteases through PARs induces
changes in paracellular permeability which will be
discussed in the next paragraph.
The majority of the research in the field of intestinal
permeability involves PAR2. In 2002, it was shown
[47]
[48]
for the first time by Coelho et al
and Cenac et al
that PAR2 activation by the serine proteases trypsin,
tryptase and chymase induced an increase in the colonic
51
permeability of Cr -EDTA, a marker of paracellular
[49,50]
permeability
. The selective synthetic PAR2 agonist
SLIGRL (H-serine-leucine-isoleucine-glycine-arginineleucine-OH) mimicked the effect of endogenous serine
[47,51]
proteases, thereby increasing intestinal permeability
.
Although PAR2 receptors are expressed on both apical
and basolateral membranes of epithelial cells, some
authors suggest that only apical administration of PAR2
agonists - and not intraperitoneal (i.p.) administration[51]
alters the intestinal barrier function . Other authors
however provided proof of direct basolateral PAR2
activation and a subsequent increase in paracellular
[18,52]
permeability
. Further investigation into the
mechanism of action revealed the involvement of
calmodulin and MLCK in the PAR2-mediated alterations
of paracellular permeability as intracolonic injection of
SLIGRL increased the MLC phosphorylation on western
blot. Pretreatment with ML-7, an MLCK inhibitor,
abolished the elevated mucosal permeability caused
by contraction of the epithelial cell cytoskeleton after
[53]
phosphorylation of MLC . In addition, MLCK was
2+
activated by the Ca -binding messenger protein
calmodulin since precipitation of MLCK revealed an
increased binding of calmodulin and the inhibition of
calmodulin by chlorpromazine reduced the SLIGRL[54,55]
induced increase in paracellular permeability
.
Besides the calmodulin pathway, also ERK1/2 can
activate MLCK which directly leads to the disruption
[18]
of TJ composition and function . The increased
permeability induced by tryptase in cultured colonocytes
was not only abolished by a tryptase inhibitor but also
by the ERK1/2 inhibitor UO126. Finally, incubation of
a human intestinal epithelial cell line (SCBN) with
SLIGRL induced the disruption and migration into the
[55]
cytoplasm of the TJ protein ZO-1 .
The latest discovered member of the PAR-family,
[56]
PAR4, is receiving increasing attention . This is
mainly due to the discovery that cathepsin G is a PAR4selective neutrophil serine protease. As cathepsin G is
a neutrophil protease (alongside with proteinase 3 and
neutrophil elastase) it might represent an inflammatory
mediator in conditions such as IBD, where neutrophil
accumulation within the submucosa is considered a
[57]
hallmark . And indeed, ulcerative colitis (UC) patients

SERINE PROTEASES
Of all proteolytic enzymes, serine proteases are by
[42,43]
far the most abundant group
. Their successful
mechanism of hydrolysis of peptide bonds occurs
throughout the entire body in functionally diverse
processes including digestion, immune response, blood
coagulation, fibrinolysis, apoptosis and pro-hormone
[42]
processing . Serine proteases act both directly and
indirectly as paracrine signaling effectors on PARs,
provoking intracellular signals in order to mediate
these vital processes. During the inflammatory cascade
for example, proteases are released by infiltrating
inflammatory cells and modulate the bioactivity of
[37]
cytokines and chemokines by proteolytic cleavage .
For instance, the N-terminal truncation of CXCL-8 and
CXCL-5 respectively by proteinase 3 and cathepsin G
provides an increased chemotactic activity towards
[44,45]
neutrophils
. Most proteases involved in PAR
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(with MI-432) and RNAi silencing of matriptase
modulate the TJ assembly, causing the opening of
[65,68]
the paracellular gate
. In physiological conditions,
matriptase regulates the expression pattern of the
“pore-forming” TJ protein claudin-2. Since there
is no evidence of direct proteolytic processing by
matriptase, it is likely that matriptase enhances
the claudin-2 protein turnover via activation of
[65]
protein kinase C-zeta (PKC-ζ) . Other studies also
reported an association of matriptase with other TJ
proteins. For instance in ST14 hypomorphic mice,
multiple grades of TJ disruption were identified with
expression patterns of occludin, ZO-1 and claudin-1
ranging from a decreased protein expression to
areas of complete absence, whereas claudin-2 was
[66,67]
upregulated
. E-cadherin levels however remained
unaltered despite co-localisation of matriptase with
[65]
E-cadherin . In addition, matriptase expression in
inflamed colonic tissues from CD and UC patients
is significantly downregulated, making matriptase
[68]
induction a potential therapeutic strategy . Recently,
[69]
Pászti-Gere et al
showed that reinforcement of the
intestinal barrier is in fact possible by the induction
of matriptase. Incubation of an intestinal epithelial
cell line with the matriptase activator sphingosine1-phosphate increased the TER and resulted in an
upregulation of occludin at the apical junction. Also in
vivo it was shown that matriptase restoration recovers
the barrier integrity by decreasing permeabilityassociated claudin-2 protein levels and thereby
[67]
protecting against DSS colitis . Although it should be
noted that a tight regulation of matriptase is necessary,
since an overexpression could result in malignancies
[70-72]
due to its involvement in epithelial proliferation
.
Recently, serine protease granzyme M was also
[73]
shown to be essential for normal barrier function .
In this study, mice deficient of granzyme M were more
susceptible to DSS colitis and showed an elevated
paracellular permeability compared to wild type (WT)
mice. Furthermore, granzyme M expression was
upregulated in the inflamed colon tissue samples
from UC patients, suggesting that granzyme M acts to
[73]
induce colonic protection during active disease .
[74]
In 2000, Fasano et al
discovered the serine
protease analogue zonulin, the first known endogenous
physiologic modulator of TJ proteins regulating the
paracellular permeability. The human protein zonulin
is similar to Zonula occludens toxin (Zot) that was
discovered earlier in Vibrio cholerae. It increased
intestinal paracellular permeability in a similar
[75]
fashion . Luminal exposure to bacteria and the gluten
component gliadin are identified as the two most
[76,77]
powerful triggers for zonulin release in the gut
. In
addition, gliadin can cause celiac disease in genetically
susceptible individuals, which is associated with
increased paracellular permeability. The expression level
of zonulin was shown to be increased in the intestinal
[74]
submucosa of celiac disease patients . Also in CD

express higher colonic levels of cathepsin G and PAR4,
both involved in the increased paracellular permeability
[58]
in UC patients . This was proven by using the PAR4
inhibitor P4pal-10, a pepducin that selectively blocks
[59]
PAR4 signaling . In Ussing chamber experiments
with mice colonic strips, fecal supernatant of UC and
Crohn’s disease (CD) patients triggered a significant
increase in FITC dextran permeability abolished by the
pre-treatment with P4pal-10 in strips triggered with
UC supernatant but interestingly not for the strips
[58]
triggered with the supernatant of CD patients . In
addition, the PAR4 activating peptide AYPGKF-NH2
was able to induce an increased mucosal permeability
[60]
with a similar effect as the UC fecal supernatant .
Finally, pre-incubation of UC fecal supernatant with the
specific cathepsin G inhibitor completely normalized
[58]
the elevated permeability effect . These data
suggest that cathepsin G plays a predominant role in
the pathophysiology of UC by activating PAR4, while
this is not shown in CD. However there is a lack of
studies investigating the expression of cathepsin G and
comparing this expression between UC vs CD patients.
Other proteases are likely to play a key role in barrier
function in CD.
Also PAR1-signaling induces epithelial barrier
dysfunction, but in this case apoptosis seems to
mediate the phenomenon. Treatment with PAR1
agonists (thrombin and selective PAR1 activating
peptide TFLLR-NH2) increased the paracellular per
meability in vitro in an epithelial cell line (SCBN) as
well as in vivo in mice. This permeability increase
depends on the disruption of ZO-1. Chromatin
condensation and nuclear fragmentation, hallmarks
for apoptosis, were induced in a caspase-3-de
pendent manner. Interestingly, pretreatment with a
caspase-3 inhibitor (Z-DEVD-FMK), which irreversibly
[61]
inhibits apoptosis , completely abolished the
effect of the PAR1 agonists on permeability and
apoptosis. Also the MLCK inhibitor ML-9 abolished
[62]
the abnormalities . Apart from PARs, also specific
serine proteases were studied in the field of intestinal
permeability.
A serine protease that is important for the intestinal
barrier homeostasis is the transmembrane protein
matriptase, or membrane type serine protease-1.
A critical role in the epithelial barrier formation and
the apical junction complex assembly is attributed
[63,64]
to this trypsin-like serine protease
. Suppressor
of tumorigenicity-14 (ST14) hypomorphic mice,
which express less than 1% of the matriptase mRNA
levels present in the intestine of control littermates,
were found to have an impaired intestinal barrier as
measured by transepithelial electrical resistance and
[65,66]
FITC-dextran permeability
. This could explain
the increased susceptibility of ST14 hypomorphic
mice to DSS colitis, with a 30% survival rate after
[67]
7 d DSS vs 100% in control littermates . Not only
genetic depletion but also pharmacological inhibition
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patients, serum zonulin levels are higher compared
to their relatives and to healthy control subjects.
Interestingly, 50% of the first degree relatives had
serum zonulin levels that were increased tremendously
(more than two times the standard deviation above
the mean) whereas this large increase could only be
[78]
observed in 4.9% of controls . For both zonulin and
Zot, the mechanism of opening intercellular TJs is
likely to resemble the effect of certain serine proteases
(cfr. supra) although it is not fully elucidated yet. It is
suggested that zonulin and Zot cause TJ disassembly
by activating the epidermal growth factor receptor
(EGFR) on the epithelial cell through transactivation of
[78,79]
PAR2 (Figure 1)
. The involvement of PAR2 in EGFR
activation was confirmed by the findings that zonulin
-/could not reduce the TER in ileal strips from PAR2
mice in contrast to strips of WT mice. Subsequently,
intracellular signaling involves protein kinase C-α (PKCα)-activation that leads to polymerization of F-actin, TJ
[80]
disassembly and opening of the paracellular space .
Meanwhile, a synthetic octapeptide resembling the
receptor-binding domain of zonulin was developed.
This molecule, named Larazotide acetate or AT-1001,
prevents the opening of TJs in response to zonulin by
competitively antagonizing the zonulin receptors (EGFR
[81,82]
and PAR2)
. Clinical trials are currently ongoing to
assess its efficacy as a therapy for celiac disease, but
there also is evidence for therapeutic potential in other
[83,84]
pathologies such as IBD
.

to control patients. Local treatment of gluten-sensitive
mice with elafin using a recombinant Lactococcus lactis
vector, restored the intestinal barrier function and
normalized the ZO-1 expression, which was disrupted
[87]
in a mouse model of celiac disease . In vitro
experiments in a Caco-2 cell line confirm these barrierprotective effects of elafin. Cells treated with TNF-α to
induce a barrier defect, showed a complete restoration
in paracellular permeability after simultaneous
[88]
treatment with elafin .
Restoring an impaired barrier by pharmacological
protease inhibition has been proposed as a promising
therapeutic treatment option for IBD, functional GI
[37]
disorders such as IBS and for colorectal cancer
because epithelial barrier dysfunction is a common
factor in these diverse pathologies. Studies with
the synthetic broad specificity serine protease
inhibitors nafamostat mesilate and camostat mesilate
revealed positive effects on paracellular permeability.
In an animal model for IBS, where the colonic
51
permeability towards Cr-EDTA was elevated and
ZO-1 disrupted, treatment with camostat mesilate
not only normalized the fecal protease activity but
also the colonic permeability significantly improved
[89]
and the ZO-1 protein levels were restored . Nafa
mostat mesilate, that has shown beneficial effects
[90]
on disease outcome in animal models of colitis ,
[91]
[92]
[93]
IBS , acute pancreatitis
and colorectal cancer ,
also seems to restore the intestinal barrier function.
The addition of tryptase to the basolateral side of
human colonic strips mounted in Ussing chambers
increased the permeability proportional to the tryptase
concentration. This was abolished after simultaneous
[94]
addition of nafamostat mesilate . In an in vitro coculture model, Caco-2 cells responded to mast cell
degranulation with a disruption of epithelial integrity
shown by a decrease in TER, an increase of FITCdextran flux and a decrease in the expression of the
TJ proteins claudin-1 and ZO-1. These effects were
prevented by tryptase inhibition using nafamostat
[95]
mesilate . These positive findings of nafamostat on
intestinal permeability could however not be confirmed
in vivo in a chronic animal model of T-cell transfer
colitis (unpublished results). However, in our own lab,
a beneficial effect of a novel serine protease inhibitor
(Di-(4-acetamidophenyl) 1-(benzyloxycarbonylamino)2-[(4-guanidino)phenyl]ethanephosphonate trifluoroa
cetate; abbreviated as SPI in Table 1) was shown in a
T-cell transfer colitis model. A curative i.p. treatment
with this novel protease inhibitor abolished the
elevated intestinal permeability that was seen in the
vehicle-treated colitis animals while also exerting antiinflammatory effects whereas nafamostat only showed
[96]
the anti-inflammatory effects .

Serine protease inhibitors

Two families of endogenous protease inhibitors, the
Serpins and Chelonianins, tightly regulate the activity
of the serine proteases by binding to the target
protease and largely adjusting its confirmation leading
[85]
to an irreversible disruption of the active site . A
defect in the protease/antiprotease balance leads to
tissue damage due to excessive proteolytic capacity
causing gastrointestinal diseases.
Serpins are most studied in their role in con
trolling the coagulation cascade. However, in the
gastrointestinal tract, secretory leucocyte protease
inhibitor (SLPI) and elafin are of importance. Both are
produced by intestinal epithelial cells or leucocytes and
inhibit neutrophil elastase and proteinase-3. Besides,
SLPI is also a potent inhibitor of trypsin, tryptase,
[37]
chymotrypsin, chymase and cathepsin G . Although
elafin, or skin-derived antileukoproteinase, and SLPI
are poorly investigated when it comes to barrier
function disturbances, an elevated expression of these
antiproteases was reported in “leaky gut”-related
gastrointestinal diseases. For instance in CD and UC
patients it was shown that the levels of elafin and
SLPI are significantly higher in inflamed colonic tissue
vs noninflamed and control tissues. Interestingly,
the upregulation was less pronounced in inflamed
[86]
CD samples vs inflamed UC samples . In contrast,
the elafin expression in small intestinal samples was
lower in patients with active celiac disease compared
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Matrix metalloproteases

Matrix metalloproteases (MMPs) are generally
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known for their ability to degrade and remodel the
extracellular matrix (ECM). But in addition to their
role in ECM turnover, MMPs degrade or proteolytically
activate a wide range of molecules such as che
mokines, cytokines, growth factors, membrane
receptors, cytoskeleton proteins and junctional
[97,98]
proteins
. Under normal physiological conditions,
their activity is tightly regulated by the tissue inhibitors
of metalloproteases (TIMP-1-4). A dysregulation of
the balance between MMPs and TIMPs is associated
[99,100]
with inflammation and tissue damage
. Indeed,
various studies have reported an upregulation of
MMPs in inflamed IBD epithelium, suggesting that the
inhibition of MMPs could be an interesting therapeutic
[99,101-104]
intervention in IBD
. However, the failure of
MMP inhibitors in cancer trials has led to rethink the
[105,106]
clinical potential of these compounds
. Indirect
inhibition of the effects of MMPs or intervening in the
signal transduction pathways influenced by MMPs
seems more likely to be successful. In this respect,
the new physiological and pathological roles of MMPs
in specific diseases are being further investigated,
such as their effect on the epithelial barrier integrity,
discussed below.
Previous studies have demonstrated the upre
gulation of the gelatinases MMP-2 and MMP-9 in
[103,107,108]
IBD patients
as well as in animal models of
[109-111]
colitis
. It was found that a specific overexpression
of MMP-9 in the intestinal epithelium is associated
with a defective barrier function and mucin production
[112]
due to a decrease in goblet cell differentiation
.
-/Supporting their role in barrier function, MMP-9 mice
have an increased number of goblet cells and MUC-2
[113]
expression compared to WT mice . Recently, Nighot
[114]
et al
showed an attenuation of the DSS-induced
-/increase in colonic permeability in MMP-9 mice.
The protein levels of tight junctional occludin were
-/elevated in MMP-9 mice, both DSS- and vehicletreated, vs WT mice. It was also found that the protein
expression of MLCK was upregulated in DSS colitis in
-/WT mice but not in MMP-9 mice. Interestingly, MLCK
is a key regulator of TJ permeability as described
[115]
above
, suggesting that MMP-9 is a key regulator
of TJ permeability via MLC phosphorylation. The other
gelatinase, MMP-2, plays a barrier protective role in
contrast to MMP-9. Mice deficient from MMP-2 have an
impaired intestinal barrier function, making them more
susceptible to develop experimental colitis compared
[111]
to their WT counterparts
. The authors suggest
that MMP-2 exerts its barrier protective function by
associating with TJ proteins, since multiple studies
have shown close interaction between MMP-2 and
[116,117]
claudins
.
Besides MMP-2 and MMP-9, transcript and protein
levels of MMP-7 (matrilysin) and MMP-3 (stromelysin-1)
are shown to be upregulated in the mucosal tissues
[118-120]
of active IBD patients vs healthy control tissue
.
These MMPs are linked to the ectodomain shedding of
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E-cadherin and thereby releasing soluble E-cadherin in
the interstitium and loss of E-cadherin function in cell[121]
cell adhesio . Although the majority of the research
revolves around cancer, it is relevant to include the
proteolytic splicing of E-cad in this review since loss of
E-cadherin is associated with disturbances in barrier
[122,123]
function during intestinal inflammatory diseases
.
In cancerous cell lines the ability of matrilysin and
stromelysin-1 to release soluble E-cadherin was
proven with a loss of E-cad function in the cell-cell
adhesion and a facilitation of tumor cell invasion as a
[121,124,125]
consequence
. The released sE-cadherin works
as a paracrine/autocrine signaling molecule, promoting
MMP production and thereby worsening the disease
[126,127]
progression
.
Not all metalloproteases are however harmful.
The transmembrane endopeptidase meprin β is
found to be essential in mucus homeostasis. A
loosely organized, nonattached mucus layer covers
the epithelial cells on the luminal side, protecting
them from digestive proteases thereby forming
an important part of the physical barrier against
infiltration of harmful substances. The mucin MUC2
is produced by goblet cells and detached by meprin β
splicing. Mice lacking the gene encoding for meprin β
-/[128]
(Mep1b ) display a more dense mucus fenotype
.
In addition, the detached MUC2 is an important
luminal factor promoting oral tolerance. The outer
mucus layer inhabits commensal bacteria which bind
MUC2 and are picked up by patrolling dendritic cells
in the intestinal mucosa. After binding, MUC2 induces
immunoregulatory signals such as IL-10 and retinoic
acid, which are important co-stimulatory factors
+
helping CD103 dendritic cells to induce regulatory T
[129]
cells, and thus oral tolerance .

A disintegrin and metalloproteinase

Another family of metalloproteases are A Disintegrin
and Metalloproteinase (ADAM) involved in the release
of the ectodomain from transmembrane proteins, a
process that is referred to as “shedding”.
TNF-α converting enzyme (TACE), or ADAM17,
generates the biologically active, soluble form of TNF-α
by cleaving the transmembrane bound precursor at the
[28,130,131]
cell surface
. Since TNF-α is a major contributor
of the increased intestinal permeability in inflammatory
[28,131,132]
conditions
, TACE is a potential key player in
the regulation of paracellular permeability. In the past,
TACE inhibition (by the endogenous inhibitor TIMP-3 or
synthetic inhibitors) has been investigated in diseases
that benefit from anti-TNF-α therapy, such as IBD,
[133-135]
showing promising results
. Recently, Al-Sadi et
[132]
al
investigated the signaling pathways that mediate
TNF-α-induced modulation of intestinal paracellular
permeability showing MAP kinase ERK1/2 activation,
on their turn phosphorylating and activating Elk-1
which subsequently leads to an increase in MLCK and
opening of TJs.
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The effect on intestinal permeability of pharma
cological TACE-inhibition was investigated on a Caco-2
monolayer. Pretreatment with two synthetic inhibitors,
the broad MMP-TACE inhibitor GM6001 or the TACEspecific inhibitor TAPI-2, suppressed the permeability
[136]
increase induced by TACE
. In contrast, Fréour et
[137]
al
demonstrated that TACE inhibition, by TIMP-3 or
by TAPI-2, amplified the TNF-α-mediated increase in
paracellular permeability in vitro. The authors suggest
that this might be due to an autocrine effect of TIMP-3,
triggering the release of pro-inflammatory cytokines
that contribute to a hyperpermeable intestinal barrier.
It should be noted however that no hard evidence to
prove this statement was provided.

IBD and IBS, both the gut microbiome and proteases
[37,145,146]
are receiving increasing attention
. Surprisingly,
the current knowledge on proteases focusses mostly
on host-derived proteases while bacteria-derived
[147]
proteases have been largely ignored . As previously
mentioned, IBD and IBS patients have elevated fecal
protease levels. In IBS-D patients it was shown that
the majority of the fecal protease activity is most likely
due to human pancreatic enzymes and not bacteria.
However, an oral antibiotic treatment in mice resulted
in decreased fecal activity, supporting the hypothesis
that bacteria contribute to the luminal protease
[148]
content .
In the 1990s it was discovered that the metallo
proteinase fragilysin, which is produced by the colonic
commensal bacteroides fragilis, alters the intestinal
permeability. Experiments with the purified fragilysin on
a human colon cell line (HT-29) revealed the increase
in permeability towards ions (shown by a decrease in
TER) as well as towards macromolecules (increase in
[149,150]
mannitol passage across the cell monolayer)
.
Later, the role of Entamoeba histolytica (Eh)-derived
cysteine proteases in the pathogenesis of amoebic
colitis was investigated. The amoebic cysteine
proteases induce inflammation by activating IL-1β in
a way similar to the human caspases (cfr. supra), and
damage to the intestinal epithelial barrier resulting
[151,152]
in an increased paracellular permeability
. Two
specific proteases mediating TJ disruption were
identified; Eh cysteine protease A5 (EhCPA5) and
[152,153]
EhCP112
. Recently, bacterial-derived gelatinases
[154]
were investigated. Pruteanu et al
screened bacterial
colonies in fecal samples of healthy controls and IBD
patients for gelatinolytic activity. The researchers
could link Clostridium perfringens to the majority
of the proteolytic activity in the fecal samples. In
addition, C. perfringens culture supernatant reduced
the TER in Ussing chamber experiments performed
on rat distal colon. Gelatinase (GelE) produced by the
enteric microbe Enterococcus faecalis also has shown
to induce a barrier defect in epithelial cell monolayers
[155,156]
and in vivo in mice
. Originally, the degradation
of E-cadherin by proteolytic activity of GelE was
considered to be the cause of the permeability
[156]
[155]
increase
. Later on, Maharshak et al
discovered
the involvement of PAR2 activation in the GelE-induced
permeability increase. Purified E. faecalis GelE failed
-/to induce a permeability increase in PAR2 mice as
well as in epithelial monolayers treated with a PAR2
antagonist.
The feces of the house dust mite (HDM; Der
matophagoides pteronyssinus) contains a cysteine
protease, Der p 1, which is known to disrupt the lung
epithelial TJ proteins occludin and ZO-1 and thereby
facilitating allergen delivery and eventually provoking
[157]
asthma . Recently, Der p 1 was shown to be present
in the human gut, affecting barrier function. Exposure
of colonic biopsies to a HDM extract reduced the

CYSTEINE PROTEASES
The vast majority of cysteine proteases reside intra
cellularly, where they mediate distinct signaling
pathways affecting programmed cell death and
[37,138]
inflammation
. Particularly the caspase family of
cysteine proteases is well known in the field of cell
death. For instance, caspase 1 and 5 take part in
inflammasome activation, promoting IL1-β and IL-18
maturation. Caspase 8 plays a central role in both
apoptotic and inflammatory pathways, activating
[138]
respectively pro-apoptotic proteins and NF-κB
.
Hence, cysteine proteases affect the epithelial barrier
integrity for the most part indirectly via their effect on
inflammation and cell death.
Intestinal epithelial cells undergo apoptosis in
a tightly regulated fashion in order to renew the
[139]
entire cell population every 72 to 96 h
. Under
inflammatory conditions, such as during IBD, the
apoptosis rate increases significantly, inducing
[140,141]
morphologic changes in the intestinal barrier
.
During apoptosis of the intestinal epithelial cells, TJ
proteins undergo proteolytic cleavage and dislocate
[142]
from the lateral cell surface
. In human colonic
HT-29/B6 cells, induction of apoptosis resulted in
a significant decrease of TER and an increase in
[143]
macromolecular tracer permeability
. Caspases
cleave the transmembrane protein occludin (at the
cytoplasmic tail) and adaptor proteins ZO-1 and ZO-2.
Although the chronologic sequence of events may not
always be clear, there is evidence that a disruption of
TJ proteins, caused by for instance bacterial infection
or inflammation, activates caspase-8 and -3 and thus
[144]
initiating cell death . In an in vivo permeability assay
however, no effect on Cr51-EDTA flux over the colonic
barrier was measured after intraluminal administration
of cystatin, a cysteine protease inhibitor, whereas
serine- and metalloprotease inhibitors lowered the flux
[51]
significantly .

LUMINAL PROTEASES
When it comes to research into the pathogenesis of
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expression of TJ proteins occludin and ZO-1, reduced
the mucus layer thickness, increased TNF-α and
increased the paracellular permeability. Pre-incubation
of the HDM-extract with the cysteine protease inhibitor
E64 abolished the HDM-induced damage to the
[158]
intestinal barrier .
Furthermore, there is an established link between
food allergens and the degradation of the epithelial
[159,160]
barrier
. In the digestion process, food particles
are broken down by pancreatic and brush border
proteases into tripeptides, dipeptides and single
amino acids. When the intestinal barrier function
is not impaired, oral tolerance is induced against
these soluble peptides that can cross the epithelium
in a selective and regulated manner. But in other
-possibly genetically susceptible- individuals, partially
or undigested proteins can still reach the mucosa
where they provoke an inflammatory signal instead
of tolerance. Plasma cells produce allergen-specific
IgE which causes mast cell degranulation at contact.
The secreted mast cell proteases and cytokines both
contribute to the increased barrier dysfunction via their
effect on the TJ configuration, leading to an opening
of the paracellular route. The difficulty lies however
in the “chicken and egg” paradigm. Until today there
is evidence for only one food protease to affect
the intestinal barrier directly. The kiwifruit cysteine
protease actinidin (Act d1) has shown to induce a loss
of barrier function in epithelial cell monolayers by the
[161,162]
.
disruption of the occludin and ZO-1 network
This effect could be confirmed in vivo. Mice gavaged
with actinidin exerted an elevated permeability
towards FITC-dextran compared to mice gavaged with
[161]
the vehicle .
Dietary proteases can also contribute to intestinal
health. Addition of Aspergillus-derived proteases
(Amano SD) to the diet of rats improved intestinal
health via the expansion of commensal colonic bacteria
of the Bifidobacterium and Lactobacillus species. The
altered microbiota composition enhanced the formation
of short chain fatty (SCFA) acids such as butyrate,
[163]
propionate and lactate
. SCFA with butyrate in
particular promote mucosal homeostasis among other
things by enhancing the intestinal barrier function
[164]
through the upregulation of tight junction proteins .

and the actomyosin contraction upon activation of
intracellular signaling pathways. An increased intestinal
permeability is suggested as an important player in
the pathophysiology of various intestinal and extraintestinal pathologies. Targeting the epithelial barrier
is a tempting therapeutic approach, but so far no
therapies have succeeded. Larazotide acetate showed
promising results in preclinical trials, restoring the
intestinal barrier function. But clinical trials failed to
mirror these effects. This shows that more research
is needed to define epithelial barrier function and
dysfunction, underlying different pathologies and
diseases. Proteases are important signaling molecules
in this regard. With their proteolytic capacity they
can cleave proteinase-activated receptors on the cell
surface of intestinal epithelial cells, influencing the
cytoskeleton contractile machinery and paracellular
permeability. Also extracellular proteolytic cleavage
of the junction proteins occurs, leading directly
to epithelial damage and increased intestinal per
meability. In homeostasis, the proteolytic activity is
tightly regulated by antiproteases, but this balance is
dysregulated in organic and functional GI disorders. As
a result, protease inhibition has become a “hot topic”
in a therapeutic point of view, mainly focusing on
inflammation and hypersensitivity, ignoring the effect
on permeability. But since a large array of proteases is
involved and for many proteases no specific inhibitors
are available yet, more research is needed to elucidate
the exact involvement of specific proteases in gut
physiology in general and intestinal permeability in
particular, in order to become a therapeutic target.
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Bacterial colonization of the gut shapes both the local
and the systemic immune response and is implicated
in the modulation of immunity in both healthy and
disease states. Recently, quantitative and qualitative
changes in the composition of the gut microbiota have
been detected in Crohn’s disease and ulcerative colitis,
reinforcing the hypothesis of dysbiosis as a relevant
mechanism underlying inflammatory bowel disease
(IBD) pathogenesis. Humans and microbes have coexisted and co-evolved for a long time in a mutually
beneficial symbiotic association essential for maintaining
homeostasis. However, the microbiome is dynamic,
changing with age and in response to environmental
modifications. Among such environmental factors,
food and alimentary habits, progressively altered in
modern societies, appear to be critical modulators
of the microbiota, contributing to or co-participating
in dysbiosis. In addition, food constituents such as
micronutrients are important regulators of mucosal
immunity, with direct or indirect effects on the gut
microbiota. Moreover, food constituents have recently
been shown to modulate epigenetic mechanisms, which
can result in increased risk for the development and
progression of IBD. Therefore, it is likely that a better
understanding of the role of different food components
in intestinal homeostasis and the resident microbiota
will be essential for unravelling the complex molecular
basis of the epigenetic, genetic and environment
interactions underlying IBD pathogenesis as well as for
offering dietary interventions with minimal side effects.

Supported by Brazilian research foundations CNPq and FAPERJ.
Conflict-of-interest statement: The authors declare that there is
no conflict of interest regarding the publication of this paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Heitor Siffert Pereira de Souza, MD, PhD,
Serviço de Gastroenterologia e Laboratório Multidisciplinar de
Pesquisa, Departamento de Clínica Médica, Hospital Universitário
Clementino Fraga Filho, Universidade Federal do Rio de Janeiro,
RJ 21941-913, Brazil. heitor.souza@gmail.com
Telephone: +55-21-39382669

WJG|www.wjgnet.com

2124

March 28, 2017|Volume 23|Issue 12|

Rapozo DCM et al . Diet, microbiota and IBD

Key words: Diet; Microbiota; Epigenetics; Crohn’s disease;
Ulcerative colitis

and microbes is essential for maintaining homeostasis.
Such co-existence highlights the predominantly
symbiotic nature of the interaction between humans
and microorganisms despite the remarkable variation
[7]
that occurs over time at diverse body sites . As a
consequence, abnormalities of the intestinal microbiota
have been implicated in the pathogenesis of several
health conditions, including gastrointestinal diseases.
The development and adaptation of the intestinal
microbiota represents a continuous process that
occurs throughout the lifetime. In this regard, several
environmental factors contribute to the microbial
colonization of the gastrointestinal tract. The com
position of the intestinal microbiota is affected very
[8]
early in life, beginning with the route of delivery .
Shortly after birth, breast-feeding, exposure to food
and other environmental factors play a pivotal role
in the development of the intestinal microbiota. The
microbial composition of the gut, in turn, also shapes
the development of both the innate and the adaptive
[9]
immune system . The commensal microbiota is
universally distributed throughout the gastrointestinal
tract, with a characteristic progressive increase in
both diversity and density from the upper to the lower
segments. Studies of the human microbiome have
identified more than three million unique genes within
the gut, widely outnumbering the human genome and
containing more than a thousand bacterial species,
most of them of the Bacteroidetes and Firmicutes
[10]
phyla . In fact, several different groups around the
world are currently investigating the composition of
the human microbiome. Recently, the phylogenetic
composition of faecal samples from different nationa
lities was investigated in a metagenomic analysis,
which demonstrated the presence of robust bacterial
clusters, defined as enterotypes. These enterotypes,
mostly defined by species composition, were not
nation- or continent-specific, supporting the idea of a
relatively limited number of established host-microbe
symbiotic conditions, which may behave distinctly
[11]
upon exposure to food or drugs .
The complexity of the human gut microbiome
is further evidenced by the spatial distribution and
alternation of microorganisms throughout the length
of the gastrointestinal tract and across the radial axis.
It has been demonstrated, for example, that different
bacteria inhabit distinct segments of the intestine
and are found in different layers of the gut, such as
the central lumen, associated with mucosal folds,
[12]
or embedded in the mucus layer . Together, these
findings support the hypothesis that the resident or
autochthonous microbiota has been modified to adapt
to new functional specializations, therefore playing
a distinct role compared to the transient microbiota
present in the faecal stream. In this sense, each
intestinal niche is thought to shelter the microbes that
would be the most convenient to preserve local tissue
homeostasis and exhibiting clear beneficial mutualism
[12]
with the host .

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The gut microbiota has a recognized role
in immunity, and changes in its composition, or
dysbiosis, may be the basis for the worldwide increased
incidence of inflammatory bowel disease (IBD). Dietary
constituents have been shown to affect the immune
response and the inflammatory status, in great part
mediated through the modulation of the microbiota.
Environmental compounds, including nutrients,
can induce alterations in the epigenome interface,
resulting in long lasting phenotypic or even tissue
structure and function modifications. Unravelling the
complex molecular basis of the epigenetic, genetic and
environmental interactions underlying IBD pathogenesis
will have implications for the development of novel
therapies.
Rapozo DCM, Bernardazzi C, de Souza HSP. Diet and microbiota
in inflammatory bowel disease: The gut in disharmony. World J
Gastroenterol 2017; 23(12): 2124-2140 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i12/2124.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i12.2124

INTRODUCTION
The gastrointestinal tract is relentlessly challenged
by the luminal contents harbouring innumerable
microorganisms and food antigens. To maintain
the normal homeostatic equilibrium, it is critical for
the system to be capable of identifying whether a
stimulus is pathogenic or not and of mounting an
appropriate response, resulting in either inflammation
[1]
or tolerance . Particularly in the context of the
gut, defence mechanisms and tolerance should act
in concert, allowing the organism to control the
inflammatory response and tissue injury that may
[2]
occur following exposure to a given pathogen .
While immune deficiency inevitably culminates in
recurrent infections, defective tolerance may result in
[3]
uncontrolled inflammation and immunopathology .
In fact, an abnormal relationship between host and
microbiota is believed to result in intestinal immune
[4]
imbalance , leading to the development of conditions
such as inflammatory bowel disease (IBD), which
consists of two major forms, Crohn’s disease (CD)
[5,6]
and ulcerative colitis (UC) . In this paper, we discuss
basic mechanisms and potential connections between
microbiota, diet, and the development of IBD.

INTESTINAL MICROBIOTA
A mutually beneficial association between humans
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EFFECTS OF THE INTESTINAL
MICROBIOTA ON IMMUNITY

DIET: INFLUENCE ON THE INTESTINAL
MICROBIOTA

Currently, it is well accepted that one of the key
functions of the gut microbiota, in addition to nutrition,
metabolism and energy production, consists of the
[13]
development and maturation of the immune system .
In fact, bacterial colonization of the gut is believed to
shape not only the local but also the systemic immune
response, being implicated in the modulation of
[14]
immunity in both healthy and disease states . Under
normal conditions, gastrointestinal microorganisms
are recognized by NOD-like and Toll-like receptors,
specialized molecules of the innate immune system
predominantly localized in epithelial and immune cells,
and this recognition process results in activation of the
immune response, which is indispensable to intestinal
[15]
homeostasis .
To maintain homeostasis, the microbiota is regulated
by several mechanisms involving epithelial and immune
cell molecules, including IgA, RegⅢγ, and defensins,
whereas the immune response is reciprocally regulated
by the microbiota, with particular microorganisms
[16]
promoting the growth of distinct T cell subsets . For
example, commensal segmented filamentous bacteria
[17,18]
were shown to induce Th17 cells
capable of
identifying extraintestinal autoimmune inflammation
[19,20]
in experimental models
. On the other hand,
Clostridia and Bacteroides fragilis were shown to
favour the induction of Treg cells and type 1 T helper
[16]
(Th1) cells, respectively . Of note, Clostridia were
demonstrated to induce Tregs within the gut with
a concomitant down-regulation of Th1 and Th17
[21]
responses . Although the exact mechanism by which
Tregs are induced by the intestinal microbiota are
yet to be determined, there is evidence suggesting
[22]
a role for microbe-derived short-chain fatty acids .
Alimentary fibres are not digested by the human
gastrointestinal tract but, instead, they are fermented
in the gut by bacteria, which in turn modifies the gut
microbiota. The microbial processing of fibres results in
the formation of short-chain fatty acids (SCFAs), such
as acetate, propionate and butyrate, which are used by
colonocytes as crucial energy sources, with important
[23,24]
anti-inflammatory activities in vitro and in vivo
. In
particular, butyrate, produced by commensal bacteria,
was also shown to participate in Treg differentiation
and suppression of pro-inflammatory cytokines from
[25,26]
macrophages and dendritic cells
, while its in vivo
administration was shown to ameliorate experimental
[27]
colitis , suggesting the importance of specific luminal
nutrients in the homeostasis of the colon.
In addition to the effects of the gut microbiota on
immunity, dietary factors have also been implicated
in gut microbial regulation of intestinal immunity.
Therefore, diet has emerged as another critical
element that interacts with the microbiota and
[28]
immunity to actively affect homeostatic control .

The influence of food in shaping the intestinal
microbiota has been hypothesized for a long time.
However, only in recent years have consistent data
on this subject been obtained, due in particular to
the advent of technologies such as next-generation
[29]
DNA sequencing and metabolic profiling . As a
result, interesting new data have been reported,
consequently shaping conceptual changes in the field.
For example, the role of early nutrition in moulding the
gut microbiota appears to impact the risk of diseases
[30,31]
development even late in life
. Furthermore,
it is now clear that the microbiota composition is
dynamic, changing with age and oscillating according
to environmental modifications, including food intake
[32]
patterns, among other factors .
Network-based studies of microbial communities
performed with faecal samples of several mammalian
species have confirmed that diet does determine
bacterial diversity, which increases from carnivore to
omnivore to herbivore, whereas microbial communities
diversify concomitantly with their hosts, supporting the
hypothesis of the co-evolution of gut microbiotas and
[33]
their hosts . Although there is a general assumption
that the typical modern human intestinal microbiota
tends to be one of omnivorous habits, considerable
heterogeneity still exists in the world, with some
remarkable discrepancies. An interesting study, for
example, demonstrated substantial differences in the
intestinal microbiota of children living in African rural
communities compared with children living in Europe.
The guts of African children were rich in Bacteroidetes
and poor in Firmicutes and Enterobacteriaceae, while
the results obtained from European children were quite
[34]
the opposite . The investigators suggested that the
findings were mostly attributable to radically different
dietary patterns (Table 1).
Following the same line of evidence, several
other studies have raised the issue of diet potentially
affecting the gut microbiota. Of note, animal fat-based
diets and carbohydrate-based diets lead to a specific
enrichment of Bacteroides and Prevotella in adult
individuals. Moreover, it is important to highlight that
the gut microbiome composition undergoes relatively
rapid changes upon exposure to a low-fat/high-fibre
[35]
or high-fat/low-fibre diet, for example . In another
short-term dietary intervention in humans, in contrast
to the effects of a plant-based diet, consumption
of strictly animal-based products increased the
abundance of bile-tolerant microorganisms and
decreased the levels of Firmicutes that metabolize
dietary plant polysaccharides. These results reflect
the differences between herbivorous and carnivorous
habits, depicting specific adjustments between
carbohydrate and protein fermentation. In particular,
the identification of increases in the abundance
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Fusobacteria

Fusobacteria

Fusobacteriales

Bifidobacteriales

Family

Genus

Faecalibacterium/
Fusobacterium
Roseburia

Lachnospiraceae

Fusobacteriaceae

Bifidobacteriaceae

Erysipelotrichaceae
Enterobacteriaceae
Desulfovibrionaceae
Pasteurellaceae

Streptococcaceae
Lactobacillaceae
Veillonellaceae

Ruminococcus

Ruminococcaceae

Fusobacterium

Bifidobacterium

Turicibacter
Escherichia
Bilophila
Pasteurella

Fusicatenibacter
Blautia
Streptococcus
Lactobacillus
Veillonella

Clostridium

Prevotella
Bacteroides

Clostridiaceae

Prevotellaceae

B. breve
B. bifidum
F. spp

T. sp
E. coli
B. wadsworthia
P. sp

R. faecis
R. hominis
R. cecicola
R. intestinalis
R. inulinivorans
F. saccharivorans
B. faecis
S. spp
L. acidophilus
V. spp

F. prausnitzii

P. sp
B. fragilis
B. uniformis
C. lavalense
C. perfringens
R. torques

Species

Characteristics

Action in the GI tract

Ref.

Gram-negative
Anaerobic
Gram-positive
Gram-negative
Anaerobic
Gram-negative
Commensal bacteria
Facultative anaerobes
Gram-positive
Anaerobic
Gram-negative
Anaerobic

Gram-positive

Involved in colitis and colon cancer

Induces remission in UC patients

Present in the nose and mouth

Part of the normal animal microbiota
Induces remission in UC patients
Present in the intestine and oral
mucosa
Present in mammal intestines
Involved in colitis

Present in the intestine

[83]

[159, 187]

[34, 36, 80, 83, 186]

Gram-negative
Diets rich in carbohydrates and fat
[10, 16, 22-24, 34, 35,
Anaerobic
Involved in colitis
37, 38, 43, 44, 80, 82,
Commensal bacteria
83]
Gram-positive
Play a role in the clinical course of IBD [10, 16, 21, 34, 37,
Anaerobic
38, 43, 44, 80-84, 86,
Gram-positive
Fermentation of dietary fibre
87, 129, 159, 160,
Anaerobic
181-185]
Anaerobic Commensal
bacteria
Gram-positive
Fermentation of dietary fibre
Anaerobic

and activity of Bilophila wadsworthia as a result of an animal-based diet was interpreted as a probable link between dietary fat, bile acids, and the prominence of
[36]
microorganisms potentially involved in the development of IBD .
Several studies have provided additional information on dietary fibre supplementation and the effect of SCFAs on the intestinal microbiota. In regards to the type
of SCFA generated in the intestine, both the type of fibre ingested, usually composed of non-digestible complex carbohydrates, and the metabolizing microbiota are
determining factors. While resistant starch promotes the production of relatively more butyrate, pectin leads to more acetate and propionate production. Regarding
the gut microbiota, bacteria of the Bacteroidetes phylum produce more acetate and propionate, whereas bacteria of the Firmicutes phylum predominantly produce
[37,38]
butyrate
. In animal models of colitis, for example, dietary fibres, including fermentable fibres and starches, are metabolized by colonic bacteria into SCFAs, with
[39-41]
relevant anti-inflammatory effects
. In addition to the high fat content of Western diets in general, it is also important to call attention to the high levels of dietary
omega-6 fatty acids, due to the use of vegetable oils, resulting in a high omega-6 to omega-3 ratio. Omega-6 fatty acids, especially arachidonic acid, are potentially

The five major bacterial phyla of the human GI microbiota and the potential relationship with diet and inflammatory bowel disease.

Actinobacteria

Actinobacteria

Veillonellales

Negativicutes

Erysipelotrichales
Enterobacteriales
Desulfovibrionales
Pasteurellales

Lactobacillales

Bacilli

Erysipelotrichia
Gammaproteobacteria

Clostridiales

Bacteroidales

Clostridia

Bacteroidetes

Proteobacteria

Firmicutes

Bacteroidetes

Phylum

Table 1 Gut microbiota taxonomic classification and alterations associated with dietary patterns or the presence of inflammatory bowel disease
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[53,54]

pro-inflammatory, whereas omega-3 fatty acids, such
as a-linolenic acid from plants and eicosapentaenoic
acid and docosahexaenoic acid from fish, are anti[42]
inflammatory .
High caloric intake with a large consumption of
carbohydrates, typical of Western diets, has been
associated with less microbiome diversity, in contrast to
the Mediterranean diet based on fruits, vegetables, and
[43]
red wine . Nevertheless, recently, exclusion diets such
as the specific carbohydrate diet (SCD, which restricts
all carbohydrates except monosaccharides) and a diet
low in fermentable oligo-, di-, and monosaccharides and
polyols (FODMAPs) have produced promising results
[44]
in IBD . In uncontrolled trials of restriction diets for
IBD, SCD-like diets were shown to reduce symptoms
[45,46]
and intestinal inflammation
. These observations
support the notion that dietary manipulations might
modify the intestinal microbiota despite the presence
of resident enterotypes settled by long-term dietary
patterns.
The effects of specific nutritional changes on
the mammalian system have been increasingly
investigated, including the impact of micronutrients
on the gut microbiota. For example, in weaned-mouse
models of zinc or protein deficiency, considerable
changes in the gut microbiota were observed, in
addition to reductions in microbial proteolysis and
[47]
increases in microbial dietary choline processing .
Processed foods are usually low in micronutrients and
have been associated with a greater risk of developing
several diseases. In this sense, zinc and other
nutrients such as n-3 fatty acids and vitamins D and E
are thought to protect from preclinical and/or clinical
[48]
type 1 diabetes, for example .

changes in the human genome
. In this regard,
several factors such as the improvement of general
sanitary conditions and antibiotic usage, resulting in
a decreased incidence of infectious diseases, coincide
with the increase in autoimmune diseases and chronic
inflammatory conditions, constituting the basis for the
[55,56]
hygiene hypothesis
. In fact, some events likely
related to changes in the gut microbiota appear to be
associated with the development of IBD. For example,
the risk of IBD has been shown to increase after an
[57]
episode of acute gastroenteritis
and in children
[58]
repeatedly treated with antibiotics . IBD-associated
genetic findings have also provided important evidence
for the role of microorganisms in disease pathogenesis.
Several sources of information, including genomewide association studies, have identified more than
200 genetic risk loci as predisposing factors for IBD.
Of note, several of the genetic risk alleles for IBD are
directly associated with pathways that regulate the
adaptive immune system, while many others are
involved in innate immune responses or epithelial
barrier regulation, crucial mechanisms in the defence
[59,60]
against microbial invasion
(Figure 1).

Intestinal microbiota in IBD

Interestingly, abnormalities of the gut microbiota are
present in common intestinal conditions, including
irritable bowel syndrome, chronic idiopathic diarrhoea,
[61-63]
and IBD
. In addition, recent evidence has
suggested that the impact of the intestinal microbiota
in disease pathogenesis can extend to other immunemediated conditions beyond the gut including, for
example, type 1 diabetes, cardiovascular disease, and
[64-66]
autoimmune demyelination
.
In IBD, distinct abnormalities of the intestinal
microbiota have been reported, including changes in
the microbial composition, an inappropriate immune
response towards commensal microorganisms, or
[67]
even both . In CD, for example, immune reactivity
against microbial-derived antigens has long been
reported, characterized by several different circulating
[68-71]
serum antibodies
. Another clinically relevant
observation to support a role for the gut microbiota
in the inflammatory process of CD comes from
postsurgical relapses triggered by agents present in
[72]
the faecal stream . Recently, longitudinal studies
have provided evidence implicating dietary patterns
as risk factors for IBD. In general, a lower risk of IBD
has been associated with habits of consuming more
vegetables and fruits, in contrast to a higher risk
among people whose diet is based more on animal fats
[73-76]
and sugar
. In particular, the association between
the ingestion of fats and the development of UC has
been most prominently related to the long-term high
[76]
intake of trans-unsaturated fats , likely due to dietary
[75]
linoleic acid, an n-6 polyunsaturated fatty acid . Of
note, dietary-fat-induced taurocholic acid, secondary
to the intake of saturated fats from milk, was shown

INTESTINAL MICROBIOTA-HOST
INTERACTIONS AND THE DEVELOPMENT
OF IBD
In the last decade, the intestinal microbiota-host
interaction has gained progressively increasing
attention, as it has been associated, directly or
indirectly, with a variety of immune, inflammatory, and
[49]
metabolic disorders . Furthermore, in recent years,
the increase in the incidence of autoimmune and
chronic inflammatory disorders has been attributed to
alterations in the microbial composition and the role
[50]
of the intestinal microbiota in immune regulation .
Modifications in human habits have been implicated in
[51]
the rise of IBD worldwide . This thought is supported
by the evidence showing a consistent increase in the
incidence and prevalence of IBD in Western countries
[52]
and, more recently, in the Asia Pacific area .
The idea of “Western lifestyle factors” triggering
intestinal inflammation appears to be reinforced
by the dramatic increase in the incidence of IBD in
last half century, which is likely not paralleled by
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Figure 1 Schematic model of host-microbiota interactions in the intestine. The interaction between the resident (autochthonous) microbiota and the mucosal
immune system is highly complex and, in normal conditions, results in a tolerogenic response. In genetically predisposed individuals, a dysbiotic microbiota, fuelled
by environmental factors, particularly dietary constituents, induces pathogenic immune recognition and responses, further compromising the epithelial barrier and
defence mechanisms, leading to chronic inflammation, as observed in inflammatory bowel disease.

to boost pathobiont expansion, triggering colitis in
IL-10-deficient mice, with the induction of a pro[77]
inflammatory Th1 immune response .
Quantitative and qualitative changes in the
composition of the gut microbiota have been
detected in CD and in UC, reinforcing the hypothesis
of dysbiosis as a relevant mechanism underlying
[78]
IBD pathogenesis . Changes in the composition
of the intestinal microbiota have been reported in
CD, for example, including an overall decreased
[79]
diversity
but also an increase in Bacteroidetes and
Proteobacteria paralleled by a decrease in Firmicutes
[80]
abundance . Additional evidence corroborating the
role of bacteria in intestinal inflammation was the
finding of a lower proportion of Faecalibacterium
prausnitzii, a member of the phylum Firmicutes with
anti-inflammatory properties, in patients with CD
with increased risk of postoperative recurrence after
[81]
resection for ileal disease . At the species level, in
addition to Faecalibacterium prausnitzii, several other
butyrate-producing bacterial species, such as Blautia
faecis, Roseburia inulinivorans, Ruminococcus torques,
Clostridium lavalense, and Bacteroides uniformis,
were also shown to be significantly reduced in CD
[82]
patients . Also interesting is the fact that exposure
to antibiotics may amplify the microbial dysbiosis
associated with CD. In particular, in a large paediatric
cohort of new-onset CD, an increased abundance of
bacteria including Enterobacteriaceae, Pasteurellaceae,
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Veillonellaceae, and Fusobacteriaceae and a decreased
abundance of Erysipelotrichales, Bacteroidales, and
Clostridiales were consistently correlated with disease
[83]
severity . The changes in microbial composition
in CD have been further corroborated by a recent
systematic review confirming a relative increase in
Bacteroidetes and decrease in Firmicutes abundance.
In particular, Enterobacteriaceae were increased, while
Faecalibacterium prausnitzii was found at a lower
abundance, including in patients with postoperative
[84]
recurrence .
Abnormalities in the intestinal microbiota have
also been detected in UC, although to a lesser degree
[85]
compared to CD patients . Nevertheless, a less
diverse microbiota was also demonstrated in samples
from patients with UC and, in particular, the finding
of increased C. perfringens in faeces suggested its
[86]
role in disease exacerbation . In another study,
investigators identified a decrease in Fusicatenibacter
saccharivorans in patients with active UC, in contrast
to the increase observed in patients with quiescent
[87]
disease .
Whether dysbiosis consists of a primary or
secondary phenomenon in IBD is a question that
remains unanswered. There is evidence showing that
the intestinal microbiota can be shaped by the host’s
[88,89]
genotype
but also by diet, habits, history of infec
tions, use of antibiotics or other medications, and the
[14,90-92]
inflammatory process
. On the other hand, it is
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important to call attention to the fact that dysbiosis
alone may not be sufficient to induce IBD.
Several defects in the inflammatory response
against microbial agents that have been reported in
[93,94]
IBD
lend support to the idea of an inadequate
clearance of microbial-associated molecular patterns
[95]
as an important underlying mechanism of disease .
This may be particularly relevant in CD, due to the
well-established association of the disease with
genetic polymorphisms of NOD2 and ATG16L1, for
example, which result in defective autophagy and
[96-98]
impaired microbial clearance
. Another important
mechanistic association in intestinal inflammation is
believed to occur in response to the accumulation of
unfolded proteins in the lumen of the endoplasmic
reticulum (ER stress), resulting in the activation of
intracellular signal transduction pathways, known
as the unfolded protein response (UPR). In addition
to the relationship with autophagy, ER stress has
been associated with intestinal inflammation and
IBD based on studies revealing primary genetic
alterations involving XBP1, ARG2, ORMDL3, and other
[99,100]
components of the UPR
. Another example of an
inadequate microbial recognition and control comes
from the reduced expression of defensins, antimicrobial
peptides produced by Paneth cells, in patients with
[101]
NOD2 mutations, with expected implications for CD .
Individual or combined defects involving various genes
such as NOD2, ATG16L1 and IRGM might result in
inadequate recognition of microorganisms present in
[102]
the intestinal lumen
and subsequently defective
induction of autophagy, activation of alternate
[103]
pathways, and modulation of adaptive immunity . In
addition to ATG16L1, polymorphisms of the immunityrelated GTPase family M (IRGM) gene, shown to be
involved in the process of microbial control, have also
[104,105]
been associated with CD
. Furthermore, the
interaction between single nucleotide polymorphisms
of ATG16L1 and IRGM has also been demonstrated
[106]
in CD
, indicating the probable integration of
defective autophagy with mitochondrial dysfunction
and apoptosis. Together, the knowledge accumulated
in the last few years in the field of IBD, in addition
to shedding light on new mechanisms, has revealed
the multiple redundant and overlapping pathways
underlying the disease pathogenesis. In addition, the
information accumulated matches, in great part, the
recent epidemiological changes in IBD distribution
and reinforce the participation of dysbiosis in disease
[56]
pathogenesis .

importance in the development and maturation of the
[107,108]
mucosal immune system
. At birth, the transition
from the sterile foetal environment is marked by
exposure to a large number of exogenous stimuli.
Interestingly, after natural birth, a newborn’s microbiota
composition tends to resemble that of the maternal
vaginal or gut microbiota, while after Caesarean
section, the microbiota contains a considerable
[109]
number of environmental agents . The subsequent
microbiota that establishes thereafter has an in
creasingly diverse composition, but individualities
[110]
are preserved and are relatively stable over time
.
Among the environmental factors, food components
contribute to the development of the immune response
both directly and indirectly. Early in life, breast-feeding
provides several important elements in the defence
against pathogens, such as IgA, cytokines, growth
factors, and high concentrations of oligosaccharides
that foster the accumulation of lactic acid-producing
[111]
bacteria in the gut
. Moreover, in terms of IBD,
the effect of breast-feeding may prove to be more
important than previously thought, as the results of
a meta-analysis have suggested that it might play a
protective role against the development of paediatric
[112]
disease .
Several other data exist to support the participation
of dietary elements in the definition of the microbiota
itself and the interaction with the immune system. For
example, Western-like diets with their ubiquitous food
additives were shown to affect the composition and
[113]
function of the microbiota . Retinoic acid, a derivative
of vitamin A, is important in the development of the
neonatal immune system, for cellular and subcellular
[114]
membrane stability and in epithelial surfaces
,
and in adults, where it is required for the expression
of gut-homing molecules on immune cells, the
[115]
induction of Tregs and IgA class switching
. Iron,
an essential element in haematopoiesis, may also
trigger inflammatory processes associated with CD
progression, as luminal iron may directly modify
epithelial cell function or generate a pathological milieu
[116]
due to alterations of the intestinal microbiota
.
Vitamin D induces tolerogenic dendritic cells and is
now regarded as an important regulator of mucosal
[117]
immunity
. The availability and functionality of
vitamin D depends on both ingestion and exposure to
sunlight with natural ultraviolet (UV) radiation. In the
case of IBD, it has been suggested that low sunlight
exposure constitutes a risk factor, particularly for
[118,119]
CD
. This is in agreement with the notion that the
incidence of IBD is higher in the northern hemisphere,
[120]
where UV exposure is significantly lower . Analysing
these data together, it is rational to suggest that not
only do early postnatal events influence the priming
of the mucosal immune system and the immune
response in adult life, but also that there are clearly
innumerable other dietary-environmental intervening
factors that might impact normal homeostasis and the
risk of developing IBD.

DIET, MICROBIOME AND EPIGENETIC
CHANGES IN IBD
Environmental factors have been recognized as
fundamental elements in the perinatal maturation
of the immune system. In this sense, the microbial
colonization of mucosal surfaces becomes of critical
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In the last few years, epigenetic mechanisms have
been implicated in the regulation of gene expression
and cellular functions. The epigenome has been
regarded as an interface between the environment and
the genome, which plays a pivotal role in the definition
of phenotypes and their maintenance. In this context,
methylation of cytosine in CpG motifs has constituted
[121]
the most extensively studied epigenetic event
. In
the nucleus, DNA CpG methylation regulates gene
expression through its effects on chromatin states and
accessibility of factor binding sites in regulatory regions
in gene promoters. While hypermethylation close to
promoter regions is associated with gene silencing,
in contrast, hypomethylation results in an opposite
[122]
effect
. Recent data have reinforced the thought
that epigenetic interactions connecting host DNA with
environmental factors might have a key influence
in the phenotypical expression of complex diseases
such as IBD. This hypothesis is further supported by
epidemiologic observations revealing the increased risk
of developing IBD among people migrating from low to
[123]
high incidence areas of the world . Another example
highlighting the importance of non-genetic processes
in IBD development comes from studies showing a
relatively high discordance rate among monozygotic
[124]
twins .
Currently, there are indications that epigenetic
mechanisms other than DNA methylation are
implicated in the development of IBD, including
[125]
the differential expression of microRNAs
and
[126]
histone modifications
. However, most epigenetic
modifications that have been correlated with the
pathogenesis of IBD rely on DNA methylation
[127]
studies
. One of these studies, for example,
investigated the methylation status in the colonic
mucosa from foetuses, control children and children
with IBD. The analysis comparing IBD with control
samples identified 233 differentially methylated regions
(DMR), with a substantial overlap between paediatric
IBD and control samples. This study supports probable
novel physiological roles for DNA methylation in
the human intestinal epithelium and presents data
connecting developmentally acquired alterations in the
DNA methylation profile to changes seen in paediatric
[128]
IBD .
Regarding the question of whether epigenetic
changes during development could be associated with
a later onset of IBD, another group studied the colonic
mucosa epigenome in association with the microbiome
in children and adolescents. The investigators observed
a strong connection between age-dependent and IBDspecific DNA methylation variations, remarkably more
consistent with UC than CD, and DMRs with decreased
methylation during late-onset paediatric disease. Of
note, the authors called attention to the finding that
the genera with epigenetically plastic DMRs during
childhood and adolescence were Roseburia and
Streptococcus. In particular, Roseburia, butyrateproducing bacteria, possess the potential to drive
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epigenetic changes in epithelial stem cells, since
butyrate has been shown to be a histone deacetylase
[129]
inhibitor .
Complex interactions between genotype, epige
nome and environmental factors, leading to continuous
remodelling of the epigenome, determine the
phenotype of an individual. Among the environmental
factors, food constituents emerge as important stimuli,
which have been associated with specific epigenetic
[130]
signatures and patterns of gene expression
. The
one-carbon metabolism is dependent on dietary
food components (e.g., choline, betaine, folate)
that participate in biochemical pathways of DNA
[131]
methylation and/or supply of methyl groups
.
Processed food, typical of Western diets, in most cases
are deficient in micronutrients, including selenium and
folate, which are both implicated in the progression of
many diseases, including increased risk of developing
[132-135]
colorectal cancer
.
DNA hypomethylation represents an important
phenomenon in human health, as it acts as the initial
[136]
epigenetic alteration associated with carcinogenesis .
Since DNA methylation depends on the one-carbon
metabolism pathway, requiring the activity of enzymes
that depend on micronutrients provided by the diet,
it is conceivable that hypomethylation might occur
due to the lack of methyl donors. In fact, folate
present in the diet, not synthesized endogenously,
acts as a donor of one-carbon moieties, critical
elements for the synthesis and repair of DNA and
[137]
methylation that control gene expression
. Folate
deficiency, in turn, has been demonstrated to induce
DNA hypomethylation, while its supplementation
has been able to correct some mutations and DNA
[138]
strand breaks
. However, contradictory effects
of folate deficiency on DNA methylation also have
[139,140]
been reported
. Nevertheless, the ablation of
two receptor/carrier-mediated pathways for folate
transport in transgenic mice was shown to increase the
risk of developing colitis-associated colorectal cancer
[141]
in a chemically induced IBD model
. On the other
hand, controversial results based on human or animal
studies add some uncertainty about the actual role of
[142-144]
folate in preventing cancer
.
The micronutrient selenium has also been im
plicated in colorectal cancer susceptibility and DNA
methylation. Selenium-deficient diets were shown
to result in significantly hypomethylated liver and
[145]
colon DNA in an experimental model
. Moreover,
selenium-deficient diets contributed to the formation
of more carcinogen-induced aberrant colon crypts
[138,146]
in rats
. In experimental IBD, using a model of
chemically induced colitis, selenium supplementation
prevented tissue damage through the protection of
the mitochondria and interfering in the expression of
[147]
key genes responsible for inflammation . In another
model of experimental IBD, selenium deficiency
was shown to worsen inflammation and promote
tumour development and progression in inflammatory
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Figure 2 Interactive biological networks are affected by environmental factors. Environmental exposures, including dietary constituents and a dysbiotic
microbiota, affect the host’s genome and epigenome in a redundant and overlapping fashion, determining aberrant immunity and defective intestinal homeostasis,
which lead to the development of inflammatory bowel disease.
[148]

carcinogenesis
. In human IBD, consistent studies
regarding selenium and its potential impact in disease
development are still limited. Recently, however,
decreased serum selenium levels have been detected
[149]
in patients with IBD .
Taken together, the current information available
on dietary constituents and the potential effects on
the epigenome is not sufficient to establish a clear
relationship of cause and effect concerning IBD. Many
questions remain unresolved, and it is urgent to
address the interactions between the microbiome and
epigenome, microbiome and diet, diet and epigenome,
and the entire network of simultaneous, overlapping
but also dynamic interactions that constitute the basis
for intestinal homeostasis (Figure 2).

are still required, it is agreed that the dietary intake
[150]
should not be excessively restrictive in IBD
.
However, considering the current knowledge on
the direct effects of nutritional elements and the
ability of food components to interact with microbial
communities, it seems logical to continue pursuing
dietary interventions in IBD, especially considering
the modulatory potential of diet on the microbiota.
On the other hand, a better comprehension of the
complex mechanisms that underlie the interaction
between the gut and its microbiota may clarify the
defective relationships contributing to the development
of diseases, such as IBD. Importantly, investigations
of the gut-microbiota axis and the intervening
modulating factors may unveil new mechanisms
and, consequently, novel targets for therapeutic
[49]
intervention . The knowledge accumulated so far
should allow exploration of the therapeutic potential
of the intestinal microbiota in the treatment of several
[151]
immune, metabolic and inflammatory disorders .
During the last decade, attempts to modulate the
intestinal microbiota through the use of antibiotics,
prebiotics, probiotics and synbiotics have represented
a rational approach for the treatment of ubiquitous
clinical disorders affecting the gastrointestinal
[152,153]
tract
. The use of probiotics, including lactic acid
bacteria, such as Lactobacilli and Bifidobacteria, for
example, has been extensively studied in recent years.

DIET AND INTESTINAL MICROBIOTA:
THERAPEUTIC IMPLICATIONS IN IBD
Currently, consistent evidence to support specific
dietary recommendations for patients with IBD is
lacking. Nevertheless, it is fundamental to recognize
particularities based on the heterogeneity of the
patients and their complaints, with the frequent and
spontaneous associations of symptoms with dietary
habits and specific foods. Although interventional
and well-controlled studies of dietary manipulation
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[170]

Lactic acid bacteria are commonly present in yogurt
and other fermented food products, but they are also
[154]
commercialized in dietary supplements . Data from
the results of clinical trials suggest that probiotics
consisting of lactic acid bacteria may be effective in
[155]
[156]
treatment of pouchitis
and UC
and to a lesser
[157,158]
extent in CD
. In UC, particularly, probiotics
containing lactic acid bacteria have generated more
promising results, although inconsistencies between
[159]
studies may render the data difficult to interpret
.
On the other hand, in CD, only relatively weak
evidence exists to support a role for probiotics as
[160]
effective therapeutic tools
. However, a lower rate
of recurrence after surgery among CD patients who
received early VSL#3 suggests its potential usefulness
but also the need for additional studies on this probiotic
[161]
in CD
. Another line of investigation in the field of
IBD therapy analyses the potential use of prebiotics,
oligosaccharides that are metabolized into SCFAs by
[162]
commensal bacteria of the intestinal microbiota
.
Interestingly, a synergistic effect between prebiotics
and probiotics for the treatment of CD was proposed in
an open-label study, where more effective results were
observed when a mix of different lactic acid bacteria
[163]
was used in combination with the prebiotic psyllium .
However, a consequent challenge that arises is how to
maintain those lactic acid bacteria probiotics in the gut
of patients with IBD, as clinical relapses tend to occur
[164]
once the probiotic has been discontinued .
Recently, in a more audacious approach, another
probiotic therapy based on faecal transplantation
has been under investigation. Faecal microbiota
transplantation (FMT) therapy is a process in which
an abnormal, pathological microbiota is replaced
[165]
by a supposedly normal one
. Although this type
of intervention may sound like a rather extreme
form of therapy, favourable outcomes have already
been achieved in patients with recurrent Clostridium
[166]
difficile infection, for example
. In IBD, the results
of studies investigating FMT as a potential new
alternative therapy are still difficult to interpret,
because of distinct study designs and the relatively
small number of controlled trials. However, some
preliminary information suggests that FMT may be
useful in the treatment of IBD, as most patients have
exhibited symptomatic relief or even remission in
[167]
several studies
. In a systematic literature search
and meta-analysis investigating clinical outcomes,
FMT was evaluated as safe, although with variable
[168]
efficacy in IBD . In a pilot study, high rates of clinical
improvement and remission were observed after a
single FMT was administered to patients with refractory
[169]
CD
. Using a similar approach, the same group
also investigated the efficacy and safety of a designed
step-up FMT strategy for steroid-dependent UC.
Almost sixty percent of the patients achieved clinical
improvement, and the microbiota analysis showed
that FMT altered its composition, which became highly
similar to that of the donor, particularly in the patients
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with successful treatment . In a recent randomized
controlled trial, FMT was shown to induce remission
in a significantly greater percentage of patients with
active UC compared to a placebo, with no difference
[171]
regarding adverse events
. Together, these data
support the idea that FMT might develop into a
promising new alternative for the treatment of IBD.
It is increasingly accepted that dietary constituents
can affect the immune response and inflammatory
status, in great part mediated through the modulation
of the microbiota, as previously discussed in this
article. Here, it is worth highlighting the fact that
environmental compounds, including nutrients, can
modify the genome activity in a manner that, although
not changing the DNA sequence, can produce relevant,
stable and, possibly, transgenerational alterations in
[172]
the phenotype
. In this sense, alterations to the
epigenome interface, which can determine long lasting
phenotypic or even tissue structure and function
modifications, are believed to be secondary to the
nature and potency of the environmental stimuli,
[173]
including dietary factors, in a dynamic process
.
Support for the hypothesis of epigenetic programming
constituting a permanent and even a transgenerational
phenomenon is derived primarily from animal models,
including studies involving dietary methyl donors
and cofactors such as folic acid, choline and vitamin
[174,175]
B12, for example
. The mechanisms by which
environmental stimuli can induce long-term effects and
be transmitted across generations are still unclear, and
a better understanding of these processes has been
regarded as essential for possible future interventions
in dramatically increasing diseases such as obesity and
[176]
diabetes , in an approach that hopefully can also be
translated to IBD therapy.
In the interim, patients should be advised to pursue
a healthier life, including a healthy diet, and avoiding
sedentary behaviour, exposure to tobacco, pollutants
and drugs in general. In terms of food, specifically,
current knowledge suggests that the best approach
relies on consuming a well-balanced diet containing
predominantly fruits and vegetables and avoiding, as
much as possible, processed foods and foods identified
by the patient as prejudicial, capable of worsening
[43]
symptoms or even triggering flares . In this regard,
for example, a high intake of red meat and processed
meat, protein, alcoholic beverages, sulfur, and sulfate
has been associated with an increased risk of flares in
[177,178]
UC
. On the other hand, a high intake of saturated
fat, monounsaturated fatty acids, and a higher ratio of
omega-6:omega-3 polyunsaturated fatty acids have
[179,180]
been associated with CD relapses
.
The increase in and worldwide distribution of
autoimmune and complex chronic inflammatory
diseases such as IBD, especially in the last halfcentury, strongly suggest the crucial participation of
environmental changes. Among the environmental
factors, food and alimentary habits, progressively
altered in modern societies, appear to be critical
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modulators of the microbiota, contributing to or coparticipating in dysbiosis, an important component of
IBD pathogenesis. In addition, food components have
also been shown to modulate epigenetic mechanisms,
which can result in increased risk for the development
and progression of IBD. Therefore, it seems rea
sonable to suppose that a better understanding of
the role of the different food components in intestinal
homeostasis and the resident microbiota will be
essential for unravelling the complex molecular basis
of the epigenetic, genetic and environment interactions
underlying IBD pathogenesis as well as for offering
dietary interventions with minimal expected side
effects.
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Abstract
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AIM
To assess the insulating effect of a poloxamer 407
(P407)-based gel during microwave ablation of liver
adjacent to the diaphragm.

Conflict-of-interest statement: The authors alone are
responsible for the paper. The authors declare no conflicts of
interest.

METHODS
We prepared serial dilutions of P407, and 22.5% (w/w)
concentration was identified as suitable for ablation
procedures. Subsequently, microwave ablations were
performed on the livers of 24 rabbits (gel, saline,
control groups, n = 8 in each). The P407 solution and
0.9% normal saline were injected into the potential
space between the diaphragm and liver in experimental
groups. No barriers were applied to the controls. After
microwave ablations, the frequency, size and degree
of thermal injury were compared histologically among

Data sharing statement: Technical appendix, statistical
code and dataset available from the corresponding author at
qianlinxue2002@163.com.
Open-Access: This article is an open-access article which was
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which permits others to distribute, remix, adapt, build upon this
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years, different types of ablation applicators have
become widely accepted, such as microwave (MW),
radiofrequency (RF) electrical current, laser and
[2,3]
cryoablation . Percutaneous thermal ablation has
been credited with almost equivalent survival rates and
a rapid return to normal status as compared to surgical
[4,5]
resection . Several studies have noted that MW
ablation could create larger ablation zones compared
[6,7]
to RF ablation . A MW ablation at 60 ℃ has been
found to immediately induce coagulative necrosis of
[8]
the tumors .
In the treatment of HCC, a low energy can result
in incomplete ablation and local progression. However,
high-power MW ablations often result in thermal
injury to non-target organs, including the gallbladder,
[9]
diaphragm and so on . This poses a challenge to
the interventional doctors. As previous studies have
reported, about 15% of liver tumors deemed as high
[10,11]
risk are not suitable for thermal ablation
.
To reduce such harmful effects, several methods
have been suggested during the ablation of sub
capsular hepatic lesions. Hydrodissection is the most
commonly applied technique to insulate adjacent
structures such as 5% dextrose in water (D5W) and
[12,13]
0.9% normal saline (NS)
. That has been found to
be effective at decreasing unintended thermal injury,
however D5W and NS tend to move away quickly from
target sites, thereby reducing the insulating effect.
P407 is a nonionic surfactant composed of
polyethylene oxide-polypropylene oxide-polyethylene
[14]
oxide triblock copolymers . It is currently used
[15,16]
in clinical therapy as a drug carrier
. P407 has
an attractive property that it can, from being in
liquid state at low temperatures, transform into a
semisolid gel state at elevated temperatures (gelation
temperature), which depends on heat conduction of
[15,17]
the surroundings
. This indicated that P407 gel
may be useful in MW ablation of the liver. The aim
of our study was to evaluate in vivo the insulating
properties of a P407-based thermosensitive gel during
MW ablation of the liver adjacent to the diaphragm.

the three groups. Subsequently, another 8 rabbits were
injected with the P407 solution and microwave ablation
was performed. The levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), blood urea
nitrogen (BUN) and creatinine (Cr) in serum were
tested at 1 d before microwave ablation and 3 and 7 d
after operation.
RESULTS

In vivo ablation thermal injury to the adjacent diaphragm

was evaluated in the control, saline and 22.5% P407
gel groups (P = 0.001-0.040). However, there was no
significant difference in the volume of ablation zone
among the three groups (P > 0.05). Moreover, there
were no statistical differences among the preoperative
and postoperative gel groups according to the levels of
ALT, AST, BUN and Cr in serum (all P > 0.05).
CONCLUSION
Twenty-two point five percent P407 gel could be a
more effective choice during microwave ablation of
hepatic tumors adjacent to the diaphragm. Further
studies for clinical translation are warranted.
Key words: Microwave ablation; Injury; Hepatocellular
carcinoma; Poloxamer; Hydrodissection
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Collateral thermal damage is the most
common complication of microwave ablation. Con
ventional liquids can move away and be absorbed
quickly, proving difficult to get a good separation
effect. This study aimed to assess the insulating effect
of a poloxamer 407 (P407)-based thermosensitive gel
during microwave ablation of the liver adjacent to the
diaphragm. We prepared serial dilutions of P407, and
22.5% (w/w) concentration was identified as suitable
for ablation procedures. The 22.5% P407 effectively
protected the diaphragm during microwave ablation
of the liver, and was superior to 5% dextrose in water
and 0.9% saline.

MATERIALS AND METHODS

Zhang LL, Xia GM, Liu YJ, Dou R, Eisenbrey J, Liu JB, Wang
XW, Qian LX. Effect of a poloxamer 407-based thermosensitive
gel on minimization of thermal injury to diaphragm during
microwave ablation of the liver. World J Gastroenterol 2017;
23(12): 2141-2148 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2141.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2141

Study subjects

The subjects included in this study were 32 male and
female healthy New Zealand white rabbits (weight
range: 1.5-2.5 kg). The study protocol was approved
by the Animal Care and Use Committee of our research
institution. The treatment of animals was according
to the National Institutes of Health Guide for the Care
and Use of Laboratory Animals.

INTRODUCTION

Concentration optimization

The sol-gel transformation of the injectable ther
mosensitive solution is expected to occur at slightly
below room temperature. A series of dilutions ranging
from 15%-30% (w/w) P407 (Batch No. WPWJ554C;

Percutaneous thermal ablation has been widely
used over the past 20 years as a minimally invasive
procedure for treating liver tumors, especially
[1]
hepatocellular carcinoma (HCC) . Over the
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Alto, CA, United States) with a 16-bit analog output
function was used.

Ex vivo temperature measurement

Swine liver piece

Insulation effectiveness during MW ablation was
evaluated ex vivo as described in Figure 1. Two swine
liver pieces were placed in a six-well plate (diameter
2 cm and depth 2 cm) which was positioned in a
water bath at 37 ℃. To obtain a 5 mm or 10 mm
barrier between the liver pieces, 22.5% P407 gel was
used as a hydrodissection. The ablation needles were
placed vertically into the livers at a depth of 1.5 cm,
5 mm away from the barrier. The ablation needle
and temperature probes were positioned in parallel,
maintaining a distance of 5 mm between the ablation
needle and the primary needle (R1). We compared
the insulation effects of a 5 mm-thick barrier against a
10 mm-thick barrier. MWs were applied three times at
30 W for 3 min. The temperature differences between
probes R1 and R2 were recorded every 30 s and
mapped. Moreover, whenever R1 reached 60 ℃, the
temperature at R2 was measured.

Swine liver piece

5 mm
R2

R1

Ablation needle

Temperature probe

d

Figure 1 Schematic of the experimental set-up used for ex vivo microwave
ablations in a 6-well plate. Two swine liver pieces were held at a specific
distance, d, which were set to 5 mm or 10 mm. This separation provides a
hydrodissection barrier. The ablation needle and temperature probes were
positioned in parallel. The distance was always 5 mm between the ablation
needle and the primary needle (R1).

Preparation of experimental animals

BASF, Germany) in deionized water were prepared and
their gelation temperatures were determined using
[18]
a rotor equipped with a controlled heating system
(magnetic rotor size of 1.5 cm × 0.6 cm, stirring rate
of 300 rotations/min). The samples were slowly heated
at a rate of 0.5 ℃/min from the initial temperature
of 15 ℃. The gelation temperatures were defined
as when the magnetic rotor completely stopped
rotating. Each concentration was tested in triplicate
simultaneously. Eventually, an optimal concentration
of the P407 solution was obtained. Then, the viscosity
+
of 22.5% P407 gel was tested with a Brookfield R/S
rheometer (Stoughton, MA, United States) with a
circulating water bath. The sample was heated from
15 ℃ to 30 ℃ at a constant shear rate of 5/s. The
rheological behavior of 22.5% P407 was investigated.

Of the 32 rabbits used in this study, 8 were employed
to study the safety of the P407 gel, as described
later. The other 24 rabbits were randomly assigned to
three experimental groups. Two experimental groups
were injected with 5 mL P407 and 5 mL 0.9% NS,
respectively, between the diaphragm and the liver.
Such volume enabled the presence of a 5 mm barrier
by ultrasonic examination. For control animals, no
protective technique was used. Before each ablation
procedure, the rabbits were anesthetized with 30
mg/kg intravenous pentobarbital sodium (Sigma, St
Louis, MO, United States). The abdomen was shaved,
disinfected routinely, and the animals were placed in a
supine position for MW ablation.

MW ablation

All of the procedures described in this study were
performed by two interventional clinicians. The
animals were ultrasonically scanned to choose the
best puncture sites (avoiding important blood vessels
and ribs). A 2 mm incision was made at the edge
of the skin with a sharp knife. The MW antennas
were placed 5 mm away from the liver surface. The
ablation applicator was used for 3 min at an output
power of 30 W. During MW ablations, the thickness
of the hydrodissection barrier was observed for each
experimental group. All interventional procedures were
monitored and guided by ultrasound examination.

MW ablation instrument

A water-cooled MW ablation system was used in
this study (KY-2000; Kangyou Medical Instruments,
Nanjing, China). The generator can produce 1-100 W
of power at 2450 MHz. We used a Model T11 (outer
diameter of 15 G) MW ablation needle, with distance
of 11 mm from the front end of the gap to the tip. An
output setting of 40 W for 300 s was usually used for
ablation sessions. However, since rabbit liver is small
and fragile, such high MW power could easily penetrate
the liver; therefore, ablation was performed for 180 s
at 30 W in this study.
An iron/constantan thermocouple was used
to monitor temperature in real time. The system
had 21-gauge thermocouple needles, which were
percutaneously placed at a designated location. For
data acquisition, HP 34970A (Hewlett-Packard, Palo
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Animal sacrifice and data analysis

The 24 rabbits were sacrificed and dissected
immediately after MW ablation. The liver ablation
zones and adjacent diaphragms were photographed
and the ablation effects compared. Subsequently,
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Figure 2 Optimal formulation. A: Several concentrations of P407 were prepared. A stirring magnetic bar was used to determine the gelation temperature. When the
magnetic bar stopped moving, the solution was considered gelled. The reliable data were defined three times in parallel (mean ± SD, n = 3). A negative correlation
was observed between gelation temperatures and concentrations of P407. A 22.5% (w/w) P407 solution was found to gel at 22.3 ℃; B: A Brookfield R/S+ rheometer
with a spindle attached was used to study the viscosity of 22.5% (w/w) P407 solution. It was programmed to increase the temperature from 15 ℃ to 30 ℃ at a shear
rate of 5/s. The viscosity was relatively low at temperatures below 18 ℃ and characterized as a fluidic state. Then, a sharp increase in viscosity was observed as an
inflexion point was reached at sol-gel transition temperature (22.3 ℃). By this time, it turned into a semi-solid.

the diaphragm and liver samples were fixed in 10%
formalin, embedded in paraffin, and stained with
hematoxylin and eosin. An experienced pathologist
evaluated thermal injury to the diaphragm histologically.
The volumes of ablation zones were calculated and
compared using the following formula.
Volume (V) = π/6×a b c
where a is dimension 1, b is dimension 2, and c is
dimension 3. (a is the largest diameter, and b and c
are the other mutually perpendicular diameters).
Thermal injury to the diaphragm was expressed
as a diameter of injured lesions. In addition, we
graded the degree of thermal injury to the diaphragm
according to a 4-point scoring system (none, 0; mild,
1; moderate, 2; severe, 3) based on a consensus of
two of the contributing authors. If a diaphragm was
seen discolored and having a thickened pale area that
extended toward the pleural margin, it was considered
seriously injured. The suspected injured diaphragms
were sectioned and graded on a scale of 0-3 (0, no
injury; 1, mild injury up to one-third thickness; 2,
moderate injury to two-thirds thickness; 3, severe
[19]
injury) .

software, version 16.0. Quantitative data were
described as mean ± SD and were evaluated using
one-way analysis of variance. The levels of thermal
injury were compared using the Mann-Whitney
test (Kruskal-Wallis test). P < 0.05 was considered
statistically significant.

RESULTS
Optimal formulation

The sol-gel transformation temperature decreased
as P407 concentration increased (Figure 2A). Finally,
gelation temperature of 22.5% P407 (BASF) solution
was 22 ℃. For clinical purposes, the thermosensitive
gel should have a relatively lower gelation temperature
in order to gelate rapidly in target site and facilitate
our operation smoothly. Our results show that 22.5%
P407 solution gelled at about 1.5 min in a water bath
at 37 ℃ but took 16 min at room temperature. Such
short interval is beneficial to operate the surgery
rapidly and smoothly. So, we propose that 22.5% P407
gel could be an ideal choice for ablation procedures.
The rheological behavior of P407 is also presented
as a flow curve (Figure 2B). The sample exhibited
low viscosity and characterized fluidic behavior below
18 ℃. It is feasible to be injected. When the gelation
temperature was reached, the viscosity sharply
increased. By this time, the sample had transformed
into a semi-solid state.

In vivo safety experiment

Eight rabbits were injected with the P407 solution
at a dose of 5 mL into the potential space between
the diaphragm and liver under ultrasonic guidance
and MW ablation was performed at 30 W for 3 min.
Using 2 mL of ear vein blood, the levels of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), blood urea nitrogen (BUN), and creatinine
(Cr) in serum were tested 1 d before and 3 and 7 d
after the procedures, so as to check liver and renal
functions.

Ex vivo MW ablation and temperature testing

After MW ablation for 120 s, the maximum tem
perature difference of 26.4 ± 0.5 ℃ was observed
between R1 and R2 with a P407 gel thickness of 5
mm (Figure 3A). When the mean temperature of
R1 reached 60 ℃ at 180 s, the temperature of R2
was 41.9 ± 1.1 ℃ (Figure 3B) and the temperature
difference was 18.1 ± 1.5 ℃ (Figure 3A). However,

Statistical analysis

The experimental data were analyzed using SPSS
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Figure 3 Ex vivo microwave ablation and temperature testing. A: Temperature differences between R1 and R2 when 5 mm-thick and 10 mm-thick gels were
maintained; B: Temperatures of R2 when the temperature at R1 was 60 ℃. The mean temperature at R2 was 41.9 ± 1.1 ℃ with a 5 mm-thick gel. When the gel was
prepared for 10 mm-thick separation, the mean temperature at R2 was 29.1 ± 2.4 ℃.
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Figure 4 Ultrasonographic view. A: Ultrasonographic view of the placement of the ablation needle (white arrow) with the poloxamer 407 (P407) gel (red arrow) positioned
between the diaphragm (blue arrow) and liver; B: Image captured to assess the change in the size of P407 barrier at 3 min during microwave ablation. No apparent thinning
was observed (red arrow); C: Ultrasound image showing a saline barrier (red arrow) of 5 mm thickness between the diaphragm (blue arrow) and liver and the placement of
ablation needle (white arrow); D: Ultrasound image showing a hydrodissection barrier of about 1.3 mm thickness (red arrow) at the end of the ablation procedure.

the maximum temperature difference of 30.9 ± 2.2 ℃
(Figure 3A) was observed after MW ablation for 3
min with a P407 gel thickness of 10 mm; the mean
temperature of R1 was 60 ℃ and that of R2 was 29.1
± 2.4 ℃ (Figure 3B). Our results demonstrate that a 5
mm P407 gel is adequate to insulate the surrounding
tissue from thermal damage.

performed on the experimental animals immediately
and the in situ gel and liver ablation zones were
observed (Figure 5). Similarly, for the NS group, the
initial barrier thickness was 5 mm (Figure 4C). The
distance between ablation needle tip and the edge
of the liver was approximately 5 mm. However, the
thickness had become reduced to 1.3 mm at the end
of the ablation procedure (Figure 4D). After several
hours, the 22.5% P407 gel was undetectable by
ultrasound.
The effects of ablations extended into the sur
rounding diaphragm in all of the control animals (n = 8),

Gross pathology

When monitored ultrasonically, no changes in gel
thickness were observed during MW ablation (Figure
4A and B). After MW ablation, laparotomy was
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Table 1 Comparison of thermal injury to the diaphragm
among the three groups (n = 8)
Diaphragmatic
injury
Injury rate
Size in cm
Grade, score

Gel group, Saline group, Control group, P value

n =8

n =8

n =8

0
0
0

5%
0.9 ± 0.7a
0.6 ± 1.1d

8%
1.7 ± 0.3b,c
1.8 ± 0.7e,f

0.0011
0.0011

1

Statistically significant difference, Mann-Whitney test. The maximum
diameter of thermal injury to the diaphragmatic surface is reported. aP =
0.011 vs gel group; bP = 0.001 vs gel group; cP = 0.005 vs saline group; dP =
0.010 vs gel group; eP = 0.001 vs gel group; fP = 0.040 vs saline group.

Figure 5 Upon performing a laparotomy, the gel (blue arrow) is seen
between the diaphragm (white arrow) and liver lobe (black arrow).
Photograph showing a microwave ablation zone at the liver lobe (black arrow),
yet no thermal injury to the diaphragm can be observed.

Table 2 Comparison of the size of microwave ablation zones
among the three groups (n = 8)
Gel group

in 5 of the NS-protected animals and none of the gelprotected animals. Table 1 shows that thermal damage
to the diaphragm differed significantly in size and
severity among the three groups (P < 0.05). However,
no difference in the volume of ablation zone was
detected among the three experimental groups (P =
0.353; Table 2). Representative photographs of gross
specimens of ablated liver and injured diaphragm are
shown in Figure 6.

Dimension 1 in cm
Dimension 2 in cm
Dimension 3 in cm
Volume in cm3

Safety assessment

ALT in U/L
AST in U/L
BUN in mmol/L
Cr in µmol/L

2.14 ± 0.15
1.26 ± 0.22
1.23 ± 0.22
1.75 ± 0.54

2.19 ± 0.14
1.38 ± 0.14
1.34 ± 0.16
2.11 ± 0.43

0.353

Table 3 Comparison of hepatic and renal functions before
and after microwave ablation (n = 8)
Indicator

The levels of ALT, AST, BUN and Cr in serum were
assayed before and after MW ablation (Table 3) as
indicators of liver and renal functions. Our statistical
analysis showed that there was no significant
difference among the groups pre- and postoperatively
(P > 0.05; Table 3).

Baseline
45.38 ± 5.24
50.79 ± 3.95
7.50 ± 0.90
66.24 ± 4.14

Postablation
Day 3

Day 7

41.57 ± 3.96
47.25 ± 3.28
7.14 ± 1.10
62.77 ± 7.16

41.50 ± 4.14
45.63 ± 5.10
7.12 ± 1.05
62.04 ± 3.39

P value
0.166
0.062
0.708
0.244

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN:
Blood urea nitrogen; Cr: Creatinine.

ablations. It exhibited low viscosity at below 18 ℃
as D5W and 0.9% NS, which allows for injectability
without resistance through small needles. However,
22.5% P407 transformed into a semi-solid state
rapidly at 37 ℃, providing a stable gel barrier at the
injection site. It was not detected by ultrasound after
several hours. Therefore, performance of more critical
ablations, such as for high-risk liver cancers, is possible
when using P407 as a thermoprotective agent, although
MW ablation is generally not the preferred method for
treating such cases. It is well known that conventional
hydrodissection fluids flow away from target sites due
to heat convection, thereby dissipating heat from the
ablation site. Nevertheless, this appears to play little
role in the mechanism of P407 gel. Instead, it appears
to work mainly through heat conduction. Further
studies are needed to establish the mechanisms of
thermoprotection by P407.
According to ex vivo temperature studies, 22.5%
P407 gel of 5 mm thickness can result in a temperature
difference of about 18 ℃ between both sides of the
gel. During ablation, the temperature was 29.1 ± 2.4 ℃
on the other side of the gel (corresponding to the
one side of tissue necrosis temperature, 60 ℃). This

DISCUSSION
MW ablation is considered an effective treatment
[20,21]
for small HCCs
. However, several complications
may occur, including hemorrhage, pleural effusion
[1]
and thermal injury . Among these, thermal injury
to non-target tissue is the most common side effect,
in particular when the tumor is close to vital organs,
thereby resulting in poor prognosis. Therefore, ablation
is not recommended for large tumors located close to
the diaphragm or the gastrointestinal tract.
Many investigators have attempted to reduce
collateral thermal damage by means of hydrodis
[13,22]
section
. Although several conventional thermo
protective fluids are known, low viscosities as a result
of their high mobility pose a challenge. In some
cases, a continuous infusion of the fluid needs to be
maintained during the entire ablation procedure, which
[23,24]
can lead to fluid overload and patient discomfort
.
Thus, we optimized the fluids to replace conventional
hydrodissection applied for MW ablation of the liver.
In the present study, 22.5% P407 solution exhibited
potential as a thermoprotective barrier during MW

WJG|www.wjgnet.com

2.06 ± 0.38
1.28 ± 0.18
1.24 ± 0.18
1.76 ± 0.66

Saline group Control group P value
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Figure 6 Histopathologic images of thermal lesions of the liver and diaphragm. A: Photograph showing a gray microwave ablation lesion (white arrow) in the
liver lobe; B: Image depicting liver tissue congestion (black arrow), local hepatic sinus expansion, and hepatic cord disappearance due to atrophy and necrosis (red
arrow); C: Photograph highlighting a gray-white lesion in the diaphragm (black arrow); D: Image showing a large number of inflammatory cells (red arrow) around the
diaphragm and local necrocytosis of the muscular tissue (black arrow).

insulation effect is enough to protect the surrounding
tissues adjacent to the ablation zones, as well as to
reduce postoperative complications. Besides, since
the volume of the fluid required to be injected into
the body is significant low, it will be much more easily
accepted by patients in a clinical setting.
Most important of all, none of the animals in the
gel group experienced diaphragmatic injury, even
when MW ablation was performed at the subcapsular
region of the liver. This is partly due to the fact that
the gel had been placed into a preset position and
remained stable during the MW ablation. In contrast,
thermal damage in the NS group was serious, due in
part to the tendency of saline to flow away from the
injection site, thereby providing partial protection to
the diaphragm during liver ablations. In many cases,
continuous infusion is unavoidable with saline, which
is considered not suitable for use in clinical practice
especially for patients susceptible to volume overload.
In addition, 22.5% P407 was found to be safe on
our experimental animals, as demonstrated through
in vivo safety studies involving liver and renal function
tests. Yet, 3 and 7 d postoperatively are still in acute
the timeframe and further studies over a longer period
of time are necessary to establish the safety of P407
gel.
In spite of the accomplishments of the present
study, there are a few limitations. Firstly, the sample
size was relatively small (n = 24 ablations), yet the
insulation effect showed statistical significance. Further

WJG|www.wjgnet.com

comprehensive studies are required to prove the
safety and effectiveness of 22.5% P407 gel during MW
ablation for small HCC. Secondly, healthy rabbits were
included rather than tumor models; however, this may
not affect our study findings, because the study aim
was to assess thermoprotection properties rather than
treatment effectiveness.
In conclusion, 22.5% P407 gel could be a more
effective choice during MW ablation of subcapsular
hepatic tumors adjacent to the diaphragm. Further
studies for clinical translation are warranted.
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Percutaneous thermal ablation has been a widely used method for treating
liver tumors. However, about 15% of liver tumors deemed as high risk are not
suitable for thermal ablation due to collateral thermal damage. Several methods,
especially hydrodissection, have been suggested for ablation of subcapsular
hepatic lesions.

Research frontiers

Hydrodissection, such as 5% dextrose in water (D5W) and 0.9% normal saline
(NS), that has been found to be effective at decreasing unintended thermal
injury; however, D5W and NS tend to move away quickly from target sites,
thereby reducing the insulating effect.

Innovations and breakthroughs

In the study, the authors utilized the thermosensitivity of poloxamer 407 (P407)
as novel hydrodissection to protect the surrounding tissues during microwave
(MW) ablations.
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Applications

10

In medical practice, percutaneous MW ablation has been credited with almost
equivalent survival rates as surgical resection. As the results of this study
suggest, critical ablations, such as for high-risk liver cancers, are possible to
be performed when using P407 as a thermoprotective agent, although MW
ablation is generally not recommended for treating such cases. In addition,
since the volume of the fluid required to be injected into the body is significantly
low, it would be more easily accepted by patients in a clinical setting. It should
be noted that this material would be much-needed in most clinical situations,
such as high-risk liver tumors.

11

12

Terminology

The study material is thermosensitive in nature. This means that it behaves
like a liquid at low temperature and transforms into a get state at an increased
temperature.

13

Peer-review

This is an interesting manuscript about the effect of a P407-based
thermosensitive gel on minimization of thermal injury to diaphragm during MW
ablation of the liver.

14
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Abstract
AIM
To determine whether oral administration of Bifido
bacterium infantis CGMCC313-2 (B. infantis CGMCC313-2)
inhibits allergen-induced airway inflammation and food
allergies in a mouse model.

Institutional animal care and use committee statement:
The experimental procedures involving animals in this study
were reviewed and approved by the Animal Welfare and Ethical
Committee in The Fourth Military Medical University (approval
ID: 20150902).
Conflict-of-interest statement: The authors declare that they
have no competing interests.

METHODS
Ovalbumin (OVA)-induced allergic asthma and
b-lactoglobulin-induced food allergy mouse models were
used in this study. Following oral administration of B.
infantis CGMCC313-2 during or after allergen sensitization,
histopathologic changes in the lung and intestine were

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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allergic rhinitis in developed countries has increased
over the last three decades. In China, childhood
allergic diseases are generally lower than those in
Western countries; however, the prevalence of asthma,
allergic rhinitis, and eczema in children has increased
[1-4]
markedly during the past two decades . A number of
environmental factors including air pollution, cigarette
smoking, and allergen exposure have been proposed
to explain the changes in the prevalence of allergic
diseases; however, no major risk factors have been
identified. A common explanation for the increased
incidence rates of childhood allergy and asthma
observed in industrialized countries during the past few
decades is the “hygiene hypothesis,” which states that
a lack of early childhood exposure to infectious agents,
symbiotic microorganisms, and parasites increase
susceptibility to allergic diseases by suppressing the
[5,6]
natural development of the immune system . Recent
epidemiological and experimental studies have both
renewed the “hygiene hypothesis” and extended it to a
[6-8]
more specific theorem, the “microflora hypothesis” .
Probiotics are live microorganisms that confer
a health benefit to the host when administered
[9]
in adequate numbers . In other words, ingested
probiotics can modify microbial flora, which benefit
[10,11]
the host
. Previous studies have shown that
probiotics can reduce allergic diseases by modifying
the immune system of the host. Some probiotic
genera including Lactobacilli and Bifidobacteria are
intensively investigated as novel alternative options for
the management of allergic diseases including asthma
[12,13]
and food allergy
.
Experimental studies have shown that probiotics
have strain-specific effects. In the present study, mice
received nebulized ovalbumin and were used as an
asthma model, while mice fed with b-lactoglobulin
were used as a food allergy model (details in Materials
and Methods). The effects of Bifidobacterium infantis
CGMCC313-2, which is extensively used as a probiotic
drug in China, were investigated in these two mouse
models during (prevention) or after allergen sensitization
(pre-treatment).

evaluated by hematoxylin and eosin (HE) staining. In
the allergic asthma mouse model, we evaluated the
proportion of lung-infiltrating inflammatory cells. OVAspecific IgE and IgG1 levels in serum and cytokine levels
in bronchoalveolar lavage fluid (BALF) were also assessed.
In the food allergy mouse model, the levels of total IgE
and cytokines in serum were measured.
RESULTS
Oral administration of B. infantis CGMCC313-2 during
or after allergen sensitization suppressed allergic
inflammation in lung and intestinal tissues, while
the proportion of infiltrating inflammatory cells was
significantly decreased in the BALF of allergic asthma
mice. Moreover, B. infantis CGMCC313-2 decreased
the serum levels of total IgE in food allergy mice, and
reductions in IgE and IgG1 were also observed in
OVA-induced allergic asthma mice. The expression of
interleukin-4 (IL-4) and IL-13 in both serum and BALF
was suppressed following the administration of B.
infantis CGMCC313-2, while an effect on serum IL-10
levels was not observed.
CONCLUSION

B. infantis CGMCC313-2 inhibits the secretion of
allergen-induced IgE, IL-4 and IL-13, and attenuates
allergic inflammation.

Key words: Bifidobacterium infantis ; Asthma; Allergy;
Ovalbumin; b-lactoglobulin
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bifidobacterium infantis CGMCC313-2
significantly decreased the serum concentration of IgE
and IgG1 in asthma and food allergy mouse models.
The number of infiltrating cells in bronchoalveolar
lavage fluid was reduced, and eosinophil infiltration in
lungs was relieved by B. infantis CGMCC313-2 in allergic
asthma mice. Body weight was regained in food allergy
mice, and intestinal inflammation was attenuated by
B. infantis CGMCC313-2. Following administration
of B. infantis CGMCC313-2, the concentrations of
interleukin-4 (IL-4) and IL-13 decreased in both allergic
asthma and food allergy mice.

MATERIALS AND METHODS
Mice

Liu MY, Yang ZY, Dai WK, Huang JQ, Li YH, Zhang J, Qiu CZ,
Wei C, Zhou Q, Sun X, Feng X, Li DF, Wang HP, Zheng YJ.
Protective effect of Bifidobacterium infantis CGMCC313-2 on
ovalbumin-induced airway asthma and b-lactoglobulin-induced
intestinal food allergy mouse models. World J Gastroenterol
2017; 23(12): 2149-2158 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i12/2149.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2149

Male BALB/c mice aged 6-8 wk were obtained from the
Laboratory Animal Center of the Fourth Military Medical
University. All experimental procedures involving
animals were approved by the Ethics Committee for
Animal Studies of the Fourth Military Medical University
and performed in accordance with their guidelines
(approval ID: 20150902).

Probiotic bacterial preparations

Bifidobacterium infantis CGMCC313-02 powder
(Kexing Biotech Company Limited, Shenzhen, China)
was stored at -20 ℃. Solutions were prepared using
normal saline only or normal saline plus B. infantis

INTRODUCTION
The prevalence of asthma, food allergies, eczema, and
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Figure 1 Protocols used for establishment of the mouse models. A: Allergic asthma; B: Prevention; C: Pre-treatment of OVA-induced airway allergy with B.
infantis CGMCC313-2.
10

CGMCC313-2. B. infantis CGMCC313-2 preparations
10
were adjusted at concentrations of 5 × 10 colonyforming units (CFU)/mL.

mL/d (5 × 10 CFU/mL) of B. infantis CGMCC313-2
from Day 0 to Day 14 (prevention group, as shown in
Figure 1B), or from Day 15 to Day 28 (pre-treatment
group, as shown in Figure 1C). Serum and BALF
samples were collected from mice at sacrifice on Day
29.

Mouse model of OVA-induced allergic asthma

The mice were divided into four experimental groups,
and each group consisted of 10 mice. Four groups of
mice were treated as follows: (Group 1) the normal
control group received normal saline plus 1.5 mg
alum intraperitoneally. The mice were placed in an
atomizing chamber (20 cm × 20 cm × 35 cm), and 8
mL saline was administered by nebulization. The mice
were incubated for 30 min each time for 7 continuous
days; (Group 2) the positive group (as shown in Figure
1A) received 100 µg ovalbumin (OVA) (Sigma, Buchs,
Switzerland) plus 1.5 mg alum intraperitoneally from
Day 0 to Day 7, and subsequently challenged with
1% OVA inhaled by nebulizer from Day 21 to Day
28; and (Group 3) the prevention and (Group 4) pretreatment groups received 100 µg OVA plus alum
intraperitoneally and 1% OVA inhaled, and were fed 0.2

WJG|www.wjgnet.com

Mouse model of b -lactoglobulin-induced food allergy

The mice were divided into four experimental groups,
and each group consisted of 10 mice. Four groups of
mice were treated as follows: (Group 1) the normal
control group was fed normal saline (2 mL each time
for 7 continuous days); (Group 2) the positive group
(as shown in Figure 2A) received the mixture of 20 mg
b-lactoglobulin (BLG) (Sigma, Buchs, Switzerland) and
10 µg CTX (Cholera toxin, List Biological Laboratories,
Campbell, CA, United States) on days 0, 7, and 14
by intragastric gavage (2 mL of the mixture was used
each time). Subsequently, the mice were challenged
with 100 mg BLG (3 mL) on day 21 by intragastric
gavage; and (Group 3) the prevention and (Group 4)
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Sensitized with BLG, D0, D7, D14

D-0

D7

Challenged with BLG, D21

D14

D21

D28

D29

Samples collection,
D29

Normal saline by gavage, D0 to D28

B

Sensitized with BLG, D0, D7, D14

D-0

D7

Challenged with BLG, D21

D14

D21

Sensitized with BLG, D0, D7, D14

D-0

D7

D29

Normal saline,
D22 to D28

B. infantis , D0 to D21

C

D28

Samples collection,
D29

Challenged with BLG, D21

D14

D21

D28

B. infantis , D22
Normal saline, D0 to D21

to D28

D29
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Figure 2 Protocols used for establishment of the mouse models. A: Food allergy; B: Prevention; C: Pre-treatment of b-lactoglobulin-induced food allergies with B.
infantis CGMCC313-2.

pre-treatment groups received 20 mg BLG plus 10 µg
CTX and challenged with 100 mg BLG by intragastric
10
gavage, and were fed 0.2 mL/d (5 × 10 CFU/mL) of B.
infantis CGMCC313-2 from Day 0 to Day 21 (prevention
group, as shown in Figure 2B), or from Day 22 to
Day 28 (pre-treatment group, as shown in Figure
2C). Body weight was measured on Day 29, and then
serum samples were collected after the mice were
sacrificed.

BLG-induced food allergy mouse model) or in BALF
(from the OVA-induced allergic asthma mouse model)
were assayed using ELISA Kits (R&D Systems, Boston,
MA, United States) according to the manufacturer’s
protocol.

Cell counts of BALF

Serum samples from the mouse model of OVA-induced
allergic asthma were assayed for OVA-specific IgE and
IgG1 levels using ELISA kits (Chondrex Inc., United
States) following the manufacturer’s protocol. The
serum level of total IgE was assayed in BLG-induced
food allergy mice using ELISA kits (Chondrex, Inc.,
United States).

BALF was isolated in 1 mL of phosphate buffered saline
(PBS) from the mouse model of OVA-induced allergic
asthma. The BALF cellularity was determined using a
hemocytometer. A 10 µL aliquot of centrifuged cells
(4000 rpm, 5 min) was transferred onto slides, and all
leukocytes were fixed for staining using Giemsa. The
observer counted 200-300 cells per slide, and standard
morphological criteria were adopted to identify the
individual leukocyte populations. The number of
leukocytes was counted twice, and the average value
was calculated.

Measurement of cytokines

Histological analysis

Measurement of serum immunoglobulins

IL-4, IL-10, IL-13, and IFN-γ levels in serum (from the

WJG|www.wjgnet.com
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A
Serum OVA-lgE (ng/mL)

B

c

All data points represent the mean ± SEM in each
mouse group. Analysis was performed using SPSS
19.0 software for Windows. Variance analysis of single
factor and multi factor was conducted to determine the
statistical significance. A P value lower than 0.05 was
considered statistically significant.

b

2

1

RESULTS
NC

PC

Pre

B. infantis decreased the levels of IgE and IgG1 in OVAinduced asthma and BLG-induced food allergy mouse
models

Tre

b

Serum OVA-lgG1 (ng/mL)

4

c

a

We determined whether oral B. infantis CGMCC313-2
affected serum levels of allergen-induced specific IgE
and IgG1, and ELISA was used for data analysis in the
OVA-induced allergic asthma mouse model. The serum
levels of OVA-specific IgE and IgG1 were significantly
elevated in the OVA sensitization/challenge (Group
2) compared with the normal control group (Group
1). In groups which received B. infantis CGMCC313-2
for prevention (Group 3) and pre-treatment (Group
4) during the OVA sensitization/challenge, the serum
levels of IgE and IgG1 were significantly decreased
(P < 0.05; Figure 3A and B). Moreover, the levels
of serum IgE in the prevention group were also
significantly decreased compared with the pretreatment group (P < 0.05; Figure 3A).
Due to the unavailability of reagents for BLGspecific IgE and IgG1 detection, the serum levels of
total IgE were evaluated in the BLG-induced food
allergy mouse model. The serum levels of total IgE
were significantly increased after the BLG sensitization/
challenge (Group 2) compared with the normal
control group (Group 1). In the groups challenged
with B. infantis CGMCC313-2 for prevention (Group 3)
and pre-treatment (Group 4), the levels of total IgE
were significantly decreased. Moreover, the total IgE
serum levels in the pre-treatment group were also
significantly decreased compared with the prevention
group (P < 0.05; Figure 3C).

a

3

2

1

0

Serum totle-lgE (ng/mL)

c

3

0

C

Statistical analysis

b
4

NC

PC

Pre

Tre

c
1000

c

b

b

800
600
400
200
0

NC

PC

Pre

Tre

Figure 3 Effect of B. infantis CGMCC313-2 on the reversal of IgE and IgG1
in ovalbumin-induced asthma and b-lactoglobulin-induced food allergy
mouse models. A and B: There were significant increases in OVA-specific IgE
and IgG1 expression in the positive control (PC; Group 2) group compared with
the normal control (NC; Group 1) group in the allergic asthma mouse model.
The prevention (pre; Group 3) and pre-treatment (tre; Group 4) groups following
B. infantis CGMCC313-2 administration showed decreased expression; C:
A significant increase in total IgE expression was seen in the positive control
(PC; Group 2) group compared with the normal control (NC; Group 1) group
in the BLG-induced food allergy mouse model. The prevention (pre; Group 3)
and pre-treatment (tre; Group 4) groups following B. infantis CGMCC313-2
administration showed decreased expression. The statistical differences are
represented as follows: aP < 0.05; bP < 0.01, and cP < 0.001.

B. infantis administration increases body weight in BLGinduced food allergy mice

Compared with the normal control group, mice in the
BLG-sensitization/challenge group showed weight loss.
However, the prevention and pre-treatment groups
showed weight gain following B. infantis CGMCC313-2
(Figure 4), and the pre-treatment group gained more
weight than the prevention group.

either lungs (OVA-induced allergic asthma) or
intestine (BLG-induced food allergy) were collected.
The samples were fixed in neutrally buffered 10%
formaldehyde and embedded in paraffin. Sections 4
µm thick were stained with HE to detect inflammatory
cell infiltration in intestinal tissue (BLG-induced food
allergy), or to assess the extent of inflammation in the
lungs (OVA-induced asthma) at 200 × magnification.

WJG|www.wjgnet.com

B. infantis alters the proportion of lung-infiltrating cells
in OVA-induced allergic asthma mice

In order to evaluate the degree of inflammatory cell
infiltration in the lungs of OVA-induced allergic asthma
mice, leukocyte counts were conducted in BALF tissue.
Inflammatory cell number was significantly increased
in the OVA-sensitized/challenged mice compared to the
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7D) mice showed significantly diminished signs of
inflammation following B. infantis CGMCC313-2
treatment.

c
10

b

b

b

Weight gain (g)

5

Effect of B. infantis on cytokines in serum and BALF

To further elucidate possible mechanisms responsible
for the effects of B. infantis CGMCC313-2 on systemic
sensitization and allergic inflammation, ELISA was
used to determine the expression of IL-4, IL-10, IL-13,
and IFN-γ in serum and BALF was collected from BLGinduced food allergy mice and OVA-induced allergic
asthma mice, respectively. IL-4 and IL-13 in serum
(Figure 8A and B) or BALF (Figure 8D and E) increased
significantly in the positive control (PC; Group 2)
group compared with the normal control (NC; Group
1) group. In the groups that received B. infantis
CGMCC313-2, the serum levels of IL-4 and IL-13 in
the prevention group were significantly decreased.
In addition, a reduction in IL-4 and IL-13 in the pre
vention and treatment groups was also observed in
OVA-induced allergic asthma mice. Serum IL-10 (Figure
8C) decreased significantly in the positive control (PC;
Group 2) group, prevention (Pre; Group 3) group, and
pre-treatment (Tre; Group 4) group compared with
the normal control (NC; Group 1) group. IL-10 was not
detected in BALF from OVA-induced allergic asthma
mice, and IFN-γ was not detected in either serum or
BALF from any of the mice.
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Figure 4 Effect of B. infantis CGMCC313-2 on body weight in BLGinduced food allergy mice. Average body weight decreased significantly in
the positive control (PC; Group 2) group compared with the normal control (NC;
Group 1) group. The prevention (pre; Group 3) and pre-treatment (tre; Group 4)
groups following B. infantis CGMCC313-2 administration showed an increase
in body weight. The statistical differences are represented as follows: aP < 0.05;
b
P < 0.01, and cP < 0.001.
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There is increasing evidence to show that intestinal
microbiota and ingested probiotics may induce
important metabolic and physiological reactions in
the host, and drive maturation of the immune system
in early life. Of these diverse probiotics, Lactobacilli
and Bifidobacteria, which are part of the gut flora
in infants, are the most promising candidates that
[14,15]
naturally affect immune system development
.
For the same reason, Lactobacilli and Bifidobacteria
are the most frequently used probiotics for clinical
[16-20]
intervention studies
. However, the most im
portant characteristic of probiotics is their strain[21]
specificity effect . In this study, we investigated
the role of Bifidobacterium infantis CGMCC313-2
in allergic disease prevention and treatment in two
mouse models, as B. infantis CGMCC313-2 has been
extensively used in the treatment and prevention of
diarrhea including antibiotic-associated diarrhea in
China. In OVA-sensitized/challenged mice, severe
lung inflammation and infiltrating cells in the lungs
were observed, and the administration of B. infantis
CGMCC313-2 significantly diminished inflammation.
Similarly, in b-lactoglobulin-induced food allergy
mice, B. infantis CGMCC313-2 decreased intestinal
inflammation, and ameliorated weight loss in BLGsensitized/challenged mice. These results demonstrate
that oral administration of B. infantis CGMCC313-2

Tre

Figure 5 Effects of B. infantis CGMCC313-2 on infiltrating cells in the
lungs of ovalbumin-induced allergic asthma mice. Total cell number in BALF
increased significantly in the positive control (PC; Group 2) group compared
with the normal control (NC; Group 1) group. The prevention (pre; Group 3),
and pre-treatment (tre; Group 4) groups following B. infantis CGMCC313-2
administration showed a decrease. The statistical differences are represented
as: aP < 0.05; bP < 0.01, and cP < 0.001.

control group. However, the proportion of infiltrating
cells in the lung was significantly decreased in the
groups treated with B. infantis CGMCC313-2 (Figure 5).
Differential cell counts using Giemsa staining failed to
identify cell types in our study.

Impact of B. infantis on allergic inflammation in OVAinduced asthma and BLG-induced food allergy mouse
models

The effect of B. infantis CGMCC313-2 in the OVA
or BLG-sensitized/challenged mice was evaluated
from the perspective of overall lung or intestinal
inflammation using histological HE staining (Figures
6 and 7, respectively). Compared with normal control
mice (Figure 6A and Figure 7A), allergen sensitized/
challenged mice (Figure 6B and Figure 7B) had severe
inflammation; while the prevention (Figure 6C and
Figure 7C) and pre-treatment (Figure 6D and Figure
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A

B

C

D

Figure 6 Effects of B. infantis CGMCC313-2 on OVA-induced airway inflammation. Lung tissues were obtained from the (C) prevention group and (D) pretreatment group treated with B. infantis CGMCC313-2, and from (A) the normal control group and (B) the ovalbumin sensitized/challenged group on Day 29. The
tissues were stained and observed under × 200 magnification. The positive control group showed severe airway inflammation, while the groups treated with B. infantis
CGMCC313-2 showed attenuation of airway inflammation.

A

B

C

D

Figure 7 Effects of B. infantis CGMCC313-2 on BLG-induced intestinal inflammation. Intestinal tissues were obtained from (A) the normal control group and (B)
the BLG-sensitized/challenged group on Day 29, and from the (C) prevention group and (D) pre-treatment group which were treated with B. infantis CGMCC313-2.
The tissues were stained and observed under 200 × magnification. The positive control group showed severe intestinal inflammation, while the groups treated with B.
infantis CGMCC313-2 showed attenuated intestinal inflammation.
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Figure 8 Effects of B. infantis CGMCC313-2 on cytokines in serum and bronchoalveolar lavage fluid. IL-4, IL-10, and IL-13 in serum and BALF were
determined in BLG-induced food allergy mice and OVA-induced allergic asthma mice, respectively. A: Serum IL-4 in the prevention (pre; Group 3) group; B: serum
IL-13 in the prevention (pre; Group 3) and pre-treatment (tre; Group 4) groups were significantly decreased compared with the positive control (PC; Group 2) group; C:
There was no significant difference in IL-10 between the positive control group (PC; Group 2), prevention group (pre; Group 3), and pre-treatment (tre; Group 4), which
was significantly decreased when compared with the normal control (NC; Group 1) group; D: The concentrations of BALF IL-4 and (E) BALF IL-13 were significantly
decreased in the prevention (pre; Group 3) group and the pre-treatment (tre; Group 4) group treated with B. infantis CGMCC313-2. The statistical differences are
represented as follows: aP < 0.05; bP < 0.01, and cP < 0.001.

significantly decreased, which was accompanied by the
attenuation of inflammatory symptoms. We deduced
that the metabolites of B. infantis CGMCC313-2,
including butyrate and short-chain fatty acids, can
suppress the inflammatory responses triggered by Th2
[22-28]
cytokines
. However, the level of IL-4 was higher in
the treatment group, which was opposite to the results
of IL-13 and IgE. Due to the complexity of the immune
system and response, the role of IL-4 as an allergic
disorder marker requires further investigation in our
future study. In addition, the oral administration of this

during or after allergen sensitization may relieve
allergic inflammation in the airway and intestine.
In the allergen sensitized/challenged mice, IL-4,
IL-13, total IgE, and allergen-induced serum specific
IgE and IgG1 levels were highly expressed. Based on
the immunological basis of allergy, the overexpression
of IL-4 and IL-13, which is modulated by type 2
T helper cells, could promote IgE production and
eosinophil infiltration in target organs. In the present
study, following the oral administration of B. infantis
CGMCC313-2, the levels of IL-13 and total IgE were
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Innovations and breakthroughs

probiotic helped in the prevention and treatment of
airway and intestine allergy.
On the other hand, there was a decrease in IL-10
serum levels in mice sensitized/challenged with BLG.
There is strong evidence to indicate that the production
of IL-10, which is affected by antigens exposure, is
associated with T cell tolerance and Treg secretion,
which in turn plays important roles in controlling
allergic diseases. However, the administration of B.
infantis CGMCC313-2 did not promote the secretion of
IL-10. This phenomenon was inconsistent with previous
preclinical studies in which probiotic strains promoted
[29,30]
Treg responses
. We deduced that the different
probiotic strains adopted in different studies may have
strain-specific effects, or the immunomodulatory effect
of B. infantis CGMCC313-2 suppressed Th2 responses.
In our study, the levels of IFN-γ in both serum and
BALF were too low to be detected in all mice, and
this may have been due to the poor sensitivity of the
measurement technique. This is a limitation of our
study.
In the present study, which included allergic
asthma and food allergy mouse models, we found
that B. infantis CGMCC313-2 inhibited the secretion of
allergen-induced IgE and Th2 cytokines, and further
attenuated allergic inflammation. Our study also
suggested that the modulatory activity of B. infantis
CGMCC313-2 was not only confined to intestinal al
lergic diseases, but also to allergic airway disease.
Therefore, B. infantis CGMCC313-2 may be regarded
as a candidate probiotic strain in the prevention and
treatment of allergic diseases. However, further clinical
and experimental studies are required to delineate
the potential preventive and treatment effects of B.
infantis CGMCC313-2.

In this study, B. infantis CGMCC313-2 was administered to allergic asthma
and food allergy mouse models. Following B. infantis CGMCC313-2 treatment,
the serum concentrations of IgE and IgG1 significantly decreased, and the
concentrations of interleukin-4 (IL-4) and IL-13 also reduced in mice with
allergic asthma and food allergy. Inflammatory cell infiltration and inflammation
were also attenuated.

Applications

B. infantis CGMCC313-2 can inhibit the secretion of allergen-induced IgE
and Th2 cytokines, and can attenuate allergic inflammation. B. infantis
CGMCC313-2 provides an important reference for the prevention and treatment
of intestinal and airway allergic diseases.

Terminology

IgE and IgG, which are closely related with anaphylaxis, are higher in patients
with allergies. IL-4 and IL-13, which are secreted by Th2 cells, are involved in
the humoral immune response and indicate the degree of allergic disease.

Peer-review

The authors performed clear experiments on asthma mouse model and food
allergy mouse model to detect the effects of B. infantis on allergy diseases.
They found that B. infantis could inhibit the secretion of allergens induced IgG,
IgE, IL-4 and IL-13, and allergic inflammation were also attenuated. The study
shed the light on the prevention and treatment of intestinal and airway allergic
diseases. However, further clinical studies are still required.
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AIM
The purpose of this study was to evaluate the
diagnostic value of trefoil factor family 3 (TFF3) for the
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early detection of colorectal cancer (CC).

INTRODUCTION

METHODS
Serum TFF3 and carcino-embryonic antigen (CEA)
were detected in 527 individuals, including 115 healthy
control (HC), 198 colorectal adenoma (CA), and 214 CC
individuals in the training group.

Colorectal cancer (CC) is one of the most common
cancers worldwide. An estimated 131700 new
colorectal cancer patients (69090 male and 62610
female) are estimated to have occurred in the United
[1]
States in 2015 , and in China, the incidence of
colorectal cancer showed a clearly increased tendency.
The prognosis of CC is strongly related to the tumor
stage. The 5-year relative survival ratio ranges from
greater than 90% in patients with stage I to slightly
[2]
greater than 10% in patients with stage IV . Although
various detection methods are used in clinical practice,
such as colonoscopy, fecal occult blood testing, stool
DNA testing, and carcino-embryonic antigen (CEA),
their diagnostic value is limited by disadvantages, and
[3]
they cannot meet the needs of clinical detection . A
detection method with high sensitivity and specificity,
easy availability and low cost is urgently needed for
the early detection of CC in clinical practice.
The trefoil factor family proteins (TFFs), secreted
by the mammalian gastrointestinal tract, are small and
stable molecules. They include three thermo stable
and protease-resistant proteins (TFF1, TFF2, and
TFF3) and are widely distributed in the gastrointestinal
[4]
tract . Studies have demonstrated that they play
important roles in the mucosal protection and repair of
epithelial surfaces and are involved in the development
and progression of various types of cancer. TFF levels
in plasma were found to be heightened in advanced
[5]
prostate cancer but reduced in the oral mucosal
[6]
tissues of oral squamous cell carcinoma patients .
The levels of TFF3 in the serum and lung tissues were
also increased and indicated that TFF3 might serve
[7]
as a promising biomarker of lung cancer . TFF3
was also found to be expressed in hepatocellular
carcinoma, and its expression correlates with tumor
[8]
grade . In addition to these kinds of cancers, current
studies of TFF3 focus mainly on gastric cancer. The
level of TFF3 in serum was found to be a better
marker of gastric cancer than pepsinogen, and the
combination of the levels of serum pepsinogen and
[9,10]
TFF3 could improve screening for gastric cancer
,
possibly becoming applicable for the chemoprevention
of gastrointestinal cancer associated with chronic
[11]
persistent inflammation .
As described above, although many studies have
been performed to evaluate the diagnostic value for
different kinds of cancers, there are only a handful of
studies evaluating the clinical value of TFF3 for CC,
and they focused mainly on metastasis and therapy
effect. They found that TFFs may be potential serum
biomarkers in patients with metastatic colorectal cancer.
Compared to CEA and CA19-9, TFF3 showed higher
sensitivity and the same specificity, and it was strongly
correlated with the extent of liver disease and seemed
[12]
to have prognostic value . It was also demonstrated
[13]
to be a risk factor for early recurrence . In addition,
serum TFF3 was found to be an effective biomarker for

RESULTS
Serum TFF3 showed no significant correlation with
age, gender, or tumor location but showed significant
correlation with the tumor stage. Serum TFF3 in the
CC group was significantly higher than in the HC or
CA group. The AUC values of TFF3 for discriminating
between HC and CC and between CA and CC were 0.930
(0.903, 0.958) and 0.834 (0.796, 0.873). A multivariate
model combining TFF3 and CEA was built. Compared
to TFF3 or CEA alone, the multivariate model showed
significant improvement (P < 0.001). For discriminating
between HC and CC, HC and early stage CC, HC and
advanced stage CC, CA and CC, CA and early stage CC,
and CA and advanced stage CC in the training group,
the sensitivities were 92.99%, 91.46%, 93.18%,
73.83%, 76.83%, and 81.82%, and the specificities
were 91.30%, 91.30%, 93.91%, 88.38%, 77.27%, and
88.38%, respectively. After validation, the sensitivities
were 89.39%, 85.71%, 90.79%, 72.73%, 71.43%, and
78.95%, and the specificities were 87.85%, 87.85%,
2.52%, 87.85%, 80.77%, and 87.50%, respectively.
CONCLUSION
The multivariate diagnostic model that included TFF3
and CEA showed significant improvement over the
conventional biomarker CEA and might provide a
potential method for the early detection of CC.
Key words: Trefoil factor family 3; Colorectal cancer;
Colorectal adenoma; Multivariate model; Diagnostic
value
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serum level of trefoil factor family 3 (TFF3)
was used for evaluation the diagnostic value of for the
early detection of colorectal cancer (CC). A multivariate
model combining TFF3 and carcino-embryonic antigen
(CEA) was built. Compared to TFF3 or CEA alone, the
multivariate model showed significant improvement.
The multivariate diagnostic model that included TFF3
and CEA showed significant improvement over the
conventional biomarker CEA and might provide a
potential method for the early detection of CC.
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1 h at 37 ℃. The liquid was aspirated and the wells
washed three times. Then, any remaining wash buffer
was removed, and 100 µL of HRP conjugate working
solution was added, followed by incubation for 30 min
at 37 ℃. The wash process was repeated five times,
and then 90 µL of substrate solution was added.
Incubation was performed for 15 min at 37 ℃ followed
by the addition of 50 µL of stop solution to each well.
The optical density (OD value) of each well at 450
nm was measured by a Bio-Rad iMark Microplate
Absorbance Reader (Bio-Rad Laboratories Inc.). The
level of TFF3 was calculated according to the standard
curve. The coefficient of variation of all kits was less
than 10%. The levels of CEA in serum were detected
by a Roche Modular Analytics E 170 instrument (Roche
Diagnostics, Mannheim, Germany). The detection
assays were provided by Roche Diagnostics, United
States.

the detection of tumor stages and distant metastasis
and as a predictor of responses to chemotherapy in
[14]
colorectal cancer . However, to date, there has been
no study evaluating the clinical diagnostic value of
TFF3 for the early detection of colorectal cancer.
In our study, we aimed to evaluate the diagnostic
value of TFF3 for the detection of CC and to build a
multivariate diagnostic model that might improve the
diagnostic value compared to the indicator alone. It
may serve as a potential assistant detection method.

MATERIALS AND METHODS
Patients

Written consent was obtained from all participants
enrolled in this study. Our study was approved by
the Ethics Committee of Tianjin Medical University
Cancer Institute and Hospital. Serum samples of 527
individuals, including 115 healthy control (HC), 198
colorectal adenoma (CA), and 214 CC individuals,
were collected for the training group. After the training
group, an independent 343 individuals, including 107
HC, 104 CA, and 132 CC individuals, were collected
to validate the diagnostic value of the training group.
Serum samples were collected before surgery,
chemotherapy, radiation therapy or immunotherapy.
Age-matched healthy controls were enrolled based
on their negative results on the blood biomarker test,
computed tomography examination and fecal occult
blood testing. The patients enrolled in our study were
confirmed by histopathological analysis. The tumor
stage was categorized according to the Dukes staging
system. Duke stages A and B were categorized as
early stage colorectal cancer. Dukes stages C and
[15]
D were categorized as advanced stage CRC . The
clinical characteristics of the patients are shown in
Table 1.

Statistical analysis

All the data were analyzed using MedCalc 12.7.0.0
(MedCalc Software, Mariakerke, Belgium) and SPSS
19.0 (SPSS, Brussels, Belgium). The levels of TFF3
and CEA between groups were compared by one-way
analysis of variance with the Bonferroni correction.
Binary logistic regression analysis was used to establish
the multivariate diagnostic model. Receiver operating
characteristic curves were used to evaluate the
diagnostic value, and the areas under the curves (AUC)
[16]
were compared by Z-scores . The Youden index was
used to choose the cutoff value that determined the
sensitivity and specificity. A two-sided P value of less
than 0.05 was considered statistically significant.

RESULTS
Correlation of TFF3 with clinical characteristics and
comparison of level in groups

Serum collection

The serum level of TFF3 showed no significant
correlation with age, gender, or tumor location but
showed a significant correlation with tumor stage. As
shown in Figure 1, compared to the healthy control
group, the levels of TFF3 in the HC, CA, and CC groups
were 14.10 (11.28, 23.19), 23.08 (18.72, 29.09), and
37.66 (29.87, 47.61) pg/mL, respectively. Compared
to the HC group, the levels of TFF3 in both the CA
group and the CC group showed significant increases
(P < 0.001). Compared to the CA group, the level of
TFF3 in the CC group showed a significant increase (P
< 0.001).

Ten milliliters of peripheral blood was collected in a
tube that contained separating gel and clot activator,
and then the tube was centrifuged at 3400 rpm for
7 min. The supernatant was transferred into another
new tube. The sample serum was stored in aliquots at
-80 ℃ until detection. No freeze-thawing was allowed
prior to cytokine detection.

Detection of TFF3 and CEA

The levels of TFF3 (Item ID: E-EL-H1108c) in serum
were detected by ELISA kits, which were provided by
Elabscience Biotechnology Co., Ltd. (Wuhan, China).
The detection protocol was performed according
to the manufacturer’s instructions. Briefly, 100 µL
of standard, blank, or sample was added per well.
Solutions were added to the bottom of the well and
incubated for 90 min at 37 ℃. The liquid was removed
and 100 µL of biotinylated detection Ab working
solution added to each well, followed by incubation for
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Diagnostic evaluation of TFF3 and CEA for
discriminating HC and CC groups

We first analyzed the diagnostic value of TFF3 or
CEA alone for discriminating between the HC and CC
groups, and then we analyzed the diagnostic value
of the combination of TFF3 and CEA. The diagnostic
values are given in Supplementary Table 1.
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Table 1 Clinical characteristic of the individuals in our study n (%)
Clinical characteristics

Colorectal cancer group

Age, yr
Median
Range
Sex
Male
Female
Location
Colon
Rectum
Differentiation grade
Well + moderately
Poorly
Stage
A+B
C+D

Colorectal adenoma group

Healthy control group

Training
(n = 214)

Validation
(n = 132)

Training
(n = 198)

Validation
(n = 104)

Training
(n = 115)

Validation
(n = 107)

58
43-72

60
41-76

57
41-70

56
36-73

55
38-68

53
39-62

128 (59.81)
86 (40.19)

84 (63.64)
48 (36.36)

107 (54.04)
91 (45.96)

62 (59.62)
42 (40.38)

61 (53.04)
54 (46.96)

56 (52.34)
51 (47.66)

102 (47.66)
112 (52.34)

64 (48.48)
68 (51.52)

104 (52.53)
94 (47.47)

56 (53.85)
48 (46.15)

-

-

126 (58.88)
88 (41.12)

68 (51.52)
64 (48.48)

-

-

-

-

82 (38.32)
132 (61.68)

56 (42.42)
76 (57.58)

-

-

-

-

CRC: Colorectal cancer; CA: Colorectal adenoma; HC: Healthy control; CEA: Carcino-embryonic antigen.

73.91%, respectively. As shown in Figure 2E, the AUC
of CEA was 0.814 (0.745, 0.882), and at the cutoff
value of 3.00 U/mL, the sensitivity and specificity
were 69.51% and 90.43%, respectively. As shown in
Figure 2H, the AUC of the multivariate model built to
discriminate between HC and CC was 0.953 (0.926,
0.981), and at the cutoff value of 0.60, the sensitivity
and specificity were 91.46% and 91.30%, respectively.
For discriminating between HC and advanced stage
CC, as shown in Figure 2C, the AUC of TFF3 was 0.954
(0.931, 0.977), and at the cutoff value of 31.77 pg/
mL, the sensitivity and specificity were 81.82% and
95.65%, respectively. As shown in Figure 2F, the AUC
of CEA was 0.872 (0.828, 0.917), and at the cutoff
value of 3.09 U/mL, the sensitivity and specificity
were 72.73% and 92.17%, respectively. As shown in
Figure 2I, the AUC of the multivariate model built to
discriminate between HC and CC was 0.976 (0.961,
0.992), and at the cutoff value of 0.72, the sensitivity
and specificity were 93.18% and 93.91%, respectively.

P < 0.001
P < 0.001

Levels of TFF3 in serum (ng/mL)

100
80

P < 0.001

60
40
20
0

HC

CA

CRC

Figure 1 Comparisons of serum trefoil factor family 3 levels in colorectal
cancer, colorectal adenoma, and healthy control groups. CRC: Colorectal
cancer; CA: Colorectal adenoma; HC: Healthy control groups.

For discriminating between HC and CC, as shown
in Figure 2A, the AUC of TFF3 was 0.930 (0.903,
0.958), and at the cutoff value of 21.30 pg/mL, the
sensitivity and specificity were 94.86% and 73.91%,
respectively. As shown in Figure 2D, the AUC of CEA
was 0.850 (0.809, 0.890), and at the cutoff value
of 3.09 U/mL, the sensitivity and specificity were
70.56% and 92.17%, respectively. Then, TFF3 and
CEA were combined for analysis by binary logistic
regression analysis to build the multivariate diagnostic
model. The formula of the model was Y=logit(P)=6.498+0.189XTTF3+0.651XCEA. As shown in Figure 2G,
the AUC of the multivariate model was 0.968 (0.951,
0.984), and at the cutoff value of 0.60, the sensitivity
and specificity were 92.99% and 91.30%, respectively.
For discriminating between HC and early stage CC,
as shown in Figure 2B, the AUC of TFF3 was 0.892
(0.849, 0.935), and at the cutoff value of 21.30 pg/
ml, the sensitivity and specificity were 92.68% and
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Diagnostic evaluation of TFF3 for discriminating
between CA and CC groups in the training group

After discriminating between the HC and CC groups,
we analyzed the diagnostic value of TFF3 and CEA
alone or in combination for discriminating between the
CA and CC groups. The diagnostic value is shown in
Table 2, and the AUCs are shown in Supplementary
Figure 1.
For discriminating between CA and CC, the AUC of
TFF3 was 0.834 (0.796, 0.873), and at the cutoff value
of 29.89 pg/mL, the sensitivity and specificity were
75.23% and 78.28%, respectively. The AUC of CEA
was 0.683 (0.630, 0.737), and at the cutoff value of
4.96 U/mL, the sensitivity and specificity were 57.01%
and 85.86%, respectively. Then, TFF3 and CEA were
combined by binary logistic regression analysis to build
the multivariate diagnostic model. The formula of the
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Figure 2 Analysis the Trefoil factors family and carcino-embryonic antigen diagnostic evaluation for discriminating the healthy control and colorectal
cancer groups by receiver operating characteristic method in the training group. A: ROC of TFF3 for discriminating HC and CC; B: ROC of TFF3 for
discriminating HC and early stage CC; C: ROC of TFF3 for discriminating HC and advanced stage CC; D: ROC of CEA for discriminating HC and CC; E: ROC of CEA
for discriminating HC and early stage CC; F: ROC of CEA for discriminating HC and advanced stage CC; G: ROC of multivariate model for discriminating HC and CC; H:
ROC of multivariate model for discriminating HC and early stage CC; I: ROC of multivariate model for discriminating HC and advanced stage CC. TFF3: Trefoil factors
family; ROC: Receiver operating characteristic; HC: Healthy control; CC: Colorectal cancer.

The AUC of CEA was 0.648 (0.563, 0.734), and at
the cutoff value of 4.53 U/mL, the sensitivity and
specificity were 56.10% and 81.31%, respectively.
The AUC of the multivariate model built to discriminate
between CA and CC was 0.823 (0.768, 0.878), and at
the cutoff value of 0.41, the sensitivity and specificity
were 76.83% and 77.27%, respectively.
For discriminating between CA and advanced stage
CC, the AUC of TFF3 was 0.886 (0.849, 0.923), and
at the cutoff value of 34.07 pg/mL, the sensitivity and
specificity were 75.00% and 89.39%, respectively.

model was Y=logit(P)=-5.478+0.139XTTF3+0.265XCEA.
The AUC of the multivariate model was 0.883 (0.851,
0.915), and at the cutoff value of 0.57, the sensitivity
and specificity were 73.83% and 88.38%, respectively.
Compared to TFF3 or CEA alone, the AUC of the
multivariate model showed significant improvement (P
< 0.001 and P < 0.001).
For discriminating between CA and early stage CC,
the AUC of TFF3 was 0.751 (0.691, 0.812), and at
the cutoff value of 29.89 pg/mL, the sensitivity and
specificity were 58.54% and 78.28%, respectively.
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Table 2 Diagnostic evaluation of trefoil factors family, carcino-embryonic antigen alone or combination for discriminating colorectal
adenoma and colorectal cancer in the training group
Indicator
TFF3

CEA

TFF3+CEA

Groups

AUC (95%CI)

Cutoff value

Sensitivity

Specificity

CA vs CRC
CA vs early stage CRC
CA vs advanced CRC
CA vs CRC
CA vs early CRC
CA vs advanced stage CRC
CA vs CRC
CA vs early stage CRC
CA vs advanced stage CRC

0.834 (0.796, 0.873)
0.751 (0.691, 0.812)
0.886 (0.849, 0.923)
0.683 (0.630, 0.737)
0.648 (0.563, 0.734)
0.705 (0.641, 0.770)
0.883 (0.851, 0.915)
0.823 (0.768, 0.878)
0.919 (0.888, 0.951)

29.89
29.89
34.07
4.96
4.53
4.96
0.57
0.41
0.57

75.23%
58.54%
75.00%
57.01%
56.10%
60.61%
73.83%
76.83%
81.82%

78.28%
78.28%
89.39%
85.86%
81.31%
85.86%
88.38%
77.27%
88.38%

TFF3: Trefoil factors family; CA: Colorectal adenoma; CRC: Colorectal cancer; AUC: Area under curve.

The AUC of CEA was 0.705 (0.641, 0.770), and at
the cutoff value of 4.96 U/mL, the sensitivity and
specificity were 60.61% and 86.86%, respectively.
The AUC of the multivariate model built to discriminate
between CA and CC was 0.919 (0.888, 0.951), and at
the cutoff value of 0.57, the sensitivity and specificity
were 81.82% and 88.38%, respectively.

and 87.50%, respectively.

DISCUSSION
TFF3, also called intestinal trefoil factor, consists
of 59 amino acid peptides and occurs mainly in
the gastrointestinal tract and in the serum. TFF3
expression is elevated during gastrointestinal adenoma
progression and has been shown to promote mucosal
wound healing. The induction of mucinous metaplasia
[17]
was observed in mice with high TFF3 expression .
The TFFs can be used as biomarkers in various human
[18]
cancers . For gastric cancer, the serum TFF3 level
may be a better biomarker of gastric cancer than the
pepsinogen test. When combined with the serum
pepsinogen test, TFF3 showed better diagnostic value
[9,10]
for the screening of gastric cancer
and might
be a potential non-endoscopic detection method for
[19]
the screening of gastric cancer . It also acted as
an angiogenic factor and functions as a promoter to
[20]
enhance tumor progression in mammary carcinoma .
In addition, the Cytosponge-TFF3 test is a safe and
acceptable approach to identify patients with reflux
symptoms who warrant endoscopy to diagnose
[21]
Barrett’s esophagus . TFF3 plays an important role
in the development of Barrett’s metaplasia and may
have diagnostic value for the early stages of Barrett’s
[22]
esophagus . Although many studies have been per
formed to evaluate its diagnostic value for different
cancers, few studies have evaluated the diagnostic
value of TFF3 for the early detection of CC.
In our study, serum TFF3 showed significant
correlation with tumor stage. This result was consistent
with previous studies. The relationship between
serum TFF3 and lymph node metastases of CC may
make it a potentially useful marker for predicting the
[23]
lymph node metastases , and it may also serve
as a potential biomarker for the prediction of CC
[24]
metastasis . TFF3 up-regulation after neoadjuvant
chemoradiotherapy for rectal cancer is associated
[25]
with a higher risk of relapse . Serum TFF3 can
potentially be used as a biomarker to assess mucosal
[26]
healing in ulcerative colitis patients . In our study,

Validation of the multivariate model for discriminating
between HC and CC and between CA and CC in the
validation group

After building the multivariate models to discriminate
between HC and CC and between CA and CC,
independent HC, CA and CC individuals were chosen
to validate the diagnostic value of the multivariate
models, as shown in Supplementary Table 2.
For discriminating between the HC and CC groups,
as shown in Figure 3A, the AUC was 0.941 (0.912,
0.970), and at the cutoff value of 0.60, the sensitivity
and specificity were 89.39% and 87.85%, respectively.
For discriminating between the HC and early stage CC
groups, as shown in Figure 3B, the AUC was 0.910
(0.856, 0.965), and at the cutoff value of 0.60, the
sensitivity and specificity were 85.71% and 87.85%,
respectively. For discriminating between the HC and
advanced stage CC groups, as shown in Figure 3C, the
AUC was 0.961 (0.938, 0.991), and at the cutoff value
of 0.72, the sensitivity and specificity were 90.79%
and 92.52%, respectively. Compared to TFF3 or CEA
alone, the AUC of the multivariate model showed
significant improvement (P < 0.001 and P < 0.001).
For discriminating between the CA and CC groups,
as shown in Figure 3D, the AUC was 0.850 (0.799,
0.902), and at the cutoff value of 0.57, the sensitivity
and specificity were 72.73% and 87.50%, respectively.
For discriminating between the HC and early stage CC
groups, as shown in Figure 3E, the AUC was 0.814
(0.741, 0.887), and at the cutoff value of 0.41, the
sensitivity and specificity were 71.43% and 80.77%,
respectively. For discriminating between the HC and
advanced stage CC groups, as shown in Figure 3F, the
AUC was 0.877 (0.824, 0.929), and at the cutoff value
of 0.57, the sensitivity and specificity were 78.95%
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Figure 3 Analysis the multivariate model diagnostic evaluation by receiver operating characteristic method in the validation group. A: ROC of multivariate
model for discriminating HC and CC; B: ROC of multivariate model for discriminating HC and early stage CC; C: ROC of multivariate model for discriminating HC and
advanced stage CC; D: ROC of multivariate model for discriminating CA and CC; E: ROC of multivariate model for discriminating CA and early stage CC; F: ROC of
multivariate model for discriminating CA and advanced stage CC. TFF3: Trefoil factors family; ROC: Receiver operating characteristic; CA: Colorectal adenoma; CC:
Colorectal cancer.

compared to the HC and CA groups, serum TFF3 in
the CC group showed a significant increase. It may
contribute to the development of CC. In previous
studies, TFF3 was demonstrated to contribute to the
[27]
malignant behavior of colon cancer cells , and it
was up-regulated in mucosal protection and repair.
Its levels were increased in correlation with disease
[28]
activity indices . TFF3 level was also found to
correlate with an aggressive phenotype in rat colon
cancer cells. These findings provide evidence that
TFF3 contributes to the malignant behavior of cancer
[29]
cells . There are some proposed mechanisms by
which TFF3 participates in the development of CC.
Signal transducer and activator of transcription (STAT)
3 has been demonstrated to be over expressed in
most types of human cancers and classified as an
oncogene. TFF3 may exert potent invasive activity
through STAT3 signaling in human colorectal cancer
[30]
cells . In addition, TFF may also promote the
proliferation and migration of gastric mucosal epithelial
cells by activation of the PI3K/Akt signaling pathway,
which has been demonstrated to be strongly related to
[31,32]
the development of various cancers
. IL4-induced
Stat6 signaling is active in various cell types, included
immune cells and cancer cells. STAT6 activation
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mediates a transcriptional enhancement of TFF3 by de
novo induction, which plays an important role in host
protective immunity against the infection synthesized
[33]
protein in goblet cells . TFF3 has been found to
inhibit the TLR4/NF-kappaB signaling pathways,
with potential treatment value for the inflammatory
[34]
bowel disease . Perturbation of the E-cadherin/
catenin complex at intercellular junctions appears
to be a functional pathway through which TFF2 and
[35]
TFF3 promote cell migration . In our study, for
discriminating between HC and CC, the multivariate
model showed significant improvement compared
to CEA alone; however, because the prevalence of
colorectal cancer was not taken into consideration, the
diagnostic value of our study could be biased, and the
disparity in the number of patients recruited in our
study for the training group may also cause some bias
in the diagnostic value. For discriminating between CA
and CC, the multivariate model also showed significant
improvement compared to CEA, as a method based
on non-invasive discrimination. It was better than the
conventional non-invasive method. In future research,
the multivariate model should be compared with other
discrimination methods, such as colonoscopy and fecal
occult blood testing.
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Terminology

There are some limitations in our study. First,
the number of individuals in the training group was
relatively small, causing some bias in the results of our
study. A larger sample size and multi-center sampling
should be used to validate the diagnostic value of
TFF3 and the multivariate diagnostic model. Second,
although the diagnostic value of the multivariate
model for discriminating between HC and CC was
high, the diagnostic value for other kinds of cancers
was not evaluated. The multivariate model built in our
study currently can only be recognized as an assistant
detection method that should be combined with the
detection methods used in clinical practice, such as
colonoscopy, fecal occult blood testing, and stool DNA
testing. Third, in our study, we only evaluated the
diagnostic value of TFF3 for the early detection of CC.
The levels of the TFF3 after surgery, chemotherapy,
radiotherapy, and other kinds of therapy methods were
not evaluated. In future research, we will analyze TFF3
for evaluation of the effect of therapy or its correlation
with prognosis.
In conclusion, we evaluated the diagnostic value
of TFF3 for differentiating between the HC and CC and
between the CA and CC groups, and we evaluated a
multivariate diagnostic model that included TFF3 and
CEA for differentiating between the HC and CC and
between the CA and CC groups. Compared to the
conventional biomarker CEA, the multivariate diagnostic
model showed significant improvement. It could be
used as an assistant detection method alongside the
conventional screening methods for colorectal cancer,
and it could also be used as a potentially effective
diagnostic method for discriminating between CA and
CC patients in clinical detection.

TFFs play important roles in the mucosal protection and repair of epithelial
surfaces and are involved in the development and progression of various types
of cancer.

Peer-review

This study is an interesting study about the diagnostic value evaluation
of trefoil factors family 3 for the early detection of colorectal cancer. The
multivariate diagnostic model which included TFF3 and CEA showed significant
improvement when compared to the conventional biomarker CEA, and may
provide a potential method for the early detection of colorectal cancer. Overall,
this study is well designed and the manuscript is well written.
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Abstract
AIM
To design a miniature magnetically anchored and
controlled camera system to reduce the number of
trocars which are required for laparoscopy.
METHODS
The system consists of a miniature magnetically
anchored camera with a 30° downward angle, an
external magnetically anchored unit, and a vision
output device. The camera weighs 12 g, measures
Φ10.5 mm × 55 mm and has two magnets, a vision
model, a light source, and a metal hexagonal nut. To
test the prototype, the camera was inserted through
a 12-mm conventional trocar in an ex vivo real liver
laparoscopic training system. A trocar-less laparoscopic
cholecystectomy was performed 6 times using a 12-mm
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[6,7]

or organ damage . Minimizing the invasiveness of
surgery is a fundamental driving force for surgeons
and patients seeking new procedures with fewer
trocars.
Single-site laparoscopy (SSL), represented by
laparoendoscopic single-site (LESS) surgery and
natural orifice transluminal endoscopic surgery, has
recently gained more interest among minimally
[8-10]
invasive laparoscopic surgeons
. SSL is superior
to conventional multiport laparoscopy for cosmesis
because the new procedure relies on a single port site
that is limited to an inconspicuous position. In theory,
the number of trocars is reduced in SSL. However,
in reality, the incision length of the single port in
SSL is much greater than that used in conventional
multiport laparoscopy (approximately 25-30 mm vs
5-12 mm), which increases the risk of post-operative
[11,12]
inflammation
. Moreover, because all of the ins
truments are restricted to a single trocar, SSL is also
technically demanding, and the technical challenges are
intrinsically linked to loss of triangulation and instrument
[13-15]
conflicts
. As a result, the widespread adoption of
SSL is limited.
In the hands of laparoscopic surgeons, laparoscopic
surgery has relied on fewer conventional trocars and
multiple instruments constrained in a single trocar to
overcome the challenges faced by SSL. Therefore, our
team attempted to perform trocar-less laparoscopy by
developing a miniature magnetically anchored camera
that can pass through a conventional laparoscopic
trocar. The magnetically anchored and controlled
instruments were first introduced by Caddedu in 2007
and were called magnetically anchored and guided
[16]
systems . Such instruments are positioned intraabdominally and stabilized through a coupling force to
external magnets on the abdominal skin. In this way,
the instruments do not share space with the trocar
during surgery.
In the present study, we present the initial deve
lopment of an MMAC weighing 12 g and measuring
Φ10.5 mm × 55 mm. It has a 30° downward angle
and can be inserted into the abdomen through a
conventional 12 mm trocar. By using this miniature
camera, the number of conventional trocars is reduced
without adding more demanding technics. This camera
provides excellent optics of the surgical space and
can easily be maneuvered in the abdomen. With this
camera, a trocar-less laparoscopic cholecystectomy
using two conventional trocars was performed in an
animal model.

and a 5-mm conventional trocar. In addition, the same
procedure was performed in four canine models.
RESULTS
Both procedures were successfully performed using
only two conventional laparoscopic trocars. The
cholecystectomy was completed without any major
complication in 42 min (38-45 min) in vitro and in
50 min (45-53 min) using an animal model. This
camera was anchored and controlled by an external
unit magnetically anchored on the abdominal wall.
The camera could generate excellent image. with no
instrument collisions.
CONCLUSION
The camera system we designed provides excellent
optics and can be easily maneuvered. The number
of conventional trocars is reduced without adding
technical difficulties.
Key words: Trocar-less laparoscopy; Magnetically
anchored and controlled camera; Minimally invasive
surgery
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study introduced a miniature magnetically
anchored and controlled camera system. The miniature
magnetically anchored camera is among the smallest
size, and it can pass through a conventional 12-mm
trocar. Magnetically anchored instruments are
positioned intra-abdominally and stabilized through a
coupling force to external magnets on the abdominal
skin. In this way, the instruments do not share space
with the trocar during surgery. By using this camera
system, the number of trocars required for conventional
laparoscopy could be reduced without adding technical
difficulties.
Dong DH, Zhu HY, Luo Y, Zhang HK, Xiang JX, Xue F, Wu RQ,
Lv Y. Miniature magnetically anchored and controlled camera
system for trocar-less laparoscopy. World J Gastroenterol 2017;
23(12): 2168-2174 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2168.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2168

INTRODUCTION
Laparoscopic surgery has significantly evolved as a
conventional surgical procedure for smaller incisions
and faster recovery since its emergence in the late
[1,2]
1980s
. It is a standard alternative practice to
the traditional open operation in cholecystectomy,
[3-5]
nephrectomy, and other procedures . Conventional
laparoscopic surgery requires 3 or more 5-10 mm
trocars. The number of trocars is associated with
postoperative pain, cosmesis, and the risk of bleeding

WJG|www.wjgnet.com

MATERIALS AND METHODS
System composition

Similar to our previous work, the miniature magnetically
anchored and controlled camera system consists of
an MMAC with a 30° downward angle, an external
magnetically anchored unit, and a vision output device.
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and a nonmagnetic metal support that mimics the
elasticity and shape of a human pneumoperitoneum.
A partial porcine liver was placed in the dummy for the
laparoscopic cholecystectomy model.
In the bench test, a laparoscope was inserted
through an umbilical trocar when necessary to visualize
the camera performance. The trocar-less laparoscopic
cholecystectomy was performed using a 12-mm trocar
and a 5-mm conventional trocar. The 12-mm trocar
was placed below the xiphoid, and the 5-mm trocar
was placed at the right mid-clavicular line. The MMAC
was inserted into the abdomen through the 12-mm
conventional trocar and then coupled to the external
magnetically anchored unit by gently depressing it.
The camera was maneuvered into position using the
external magnet. The conventional laparoscopic instru
ments (Hangzhou Kangji Medical Instrument Co., Ltd.,
Zhejiang, China) were inserted through the 12- and
5-mm trocars as needed during the cholecystectomy.
The gallbladder was freed from its hepatic attachments,
and the cystic duct was transected. After completing
the procedure, the gallbladder was extracted from the
xiphoid defect. The camera was removed by pulling
cables after decoupling the external magnet. The
procedure was performed 6 times. The performance of
the MMAC was evaluated by manipulation, operative
time, and the achievement of critical views.

Figure 1 The miniature magnetically anchored camera with a 30°
downward angle. It consists of inner magnets (black arrow), a light source
(green arrow), a vision model (yellow arrow), and a metal hexagonal nut (red
arrow).

The camera is the internal component and is inserted
into the abdominal cavity through a conventional trocar.
Its position in the abdomen is controlled by the external
magnetically anchored unit via a magnetic force through
the abdominal wall. On the basis of previous work,
the external magnetically anchored unit is composed
of 15 magnets (60 mm × 10 mm × 4 mm, NdFeB
N50 permanent magnet). The external magnetically
anchored unit regulates the magnetic force according
to abdominal wall thickness. The vision output device
displays an image captured by the miniature camera
and supports power for the system.

In vivo test

After obtaining approval from the institutional animal
care and use committee of our institution, the trocarless laparoscopic cholecystectomy was performed in 4
male canines weighing a mean of 15 kg. The surgical
instruments and techniques used were the same as for
the in vitro test. Additionally, the abdominal cavity was
insufflated with carbon dioxide to a pressure of 15 mm
Hg. The surgeon manipulated the external magnet
during the procedure to adjust the view of the MMAC.
After the operation, the surgeon closed the incision
with an interrupted absorbable suture. In addition to
the indicators mentioned above, estimated blood loss,
adverse events, and biosafety were used to assess
the camera. Biosafety was evaluated by peritoneal
specimens in the active area of the magnetic camera.
They were harvested after the operation and examined
using HE staining.

Miniature magnetically anchored camera

The size of the camera is the most important part for
trocar-less laparoscopy surgery. The MMAC measures
Φ10.5 mm × 55 mm and is composed of two magnets
(Φ8 mm × 7 mm, NdFeB N50 permanent magnet),
a vision model, a metal hexagonal nut, and a light
source (Figure 1). The vision model is produced by
Audenson Technology Corporation (Shenzhen, China)
and consists of a 1/5″ 1024 × 768 pixel color CMOS
camera and a 720-line TV contained in an 8 mm × 6
mm × 2.5 mm cuboid. The focal length of the camera
lens is 6-8 cm. The metal hexagonal nut is fixed on the
lateral surface of the vision model. The nut is used to
achieve the 30° downward angle of the vision model.
A 3 W hemispherical light-emitting diode (LED) (Juli
Industrial Development Corporation, Shenzhen, China)
is the light source. It provides high-color temperature
(6000-6500 K) and luminous flux (200-220 LM)
equal to that of xenon lamps used in conventional
laparoscopy. The MMAC weighs approximately 12 g.

RESULTS
The trocar-less laparoscopic cholecystectomy using
12- and 5-mm conventional trocars was successfully
performed in vitro in all 6 cases. The MMAC easily
passed through the 12-mm conventional trocar,
and only thin wires for powering and imaging were
left in the trocar, which provided sufficient space for
conventional laparoscopic instruments and did not
cause instrument conflicts. The camera was anchored
and controlled well by the external magnetically

In vitro test

A laparoscopy training platform, called the ex vivo
real-liver laparoscopic training system, was used
as the bench test in this study (Figure 2A). It was
composed of a special dummy and a laparoscope. The
abdominal wall of the dummy was made of a material
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A

B

C

Figure 2 In vitro test. A: The bench test consists of a special mannequin and a laparoscope; B: External view image for trocar-less laparoscopic cholecystectomy
in vitro: the external magnetically anchored unit (red arrow) and the vision output device (yellow arrow); C: Critical view image for trocar-less laparoscopic
cholecystectomy in vitro (the picture-in-picture view is the image captured by the miniature magnetically anchored camera with its own light source).

A

B

Figure 3 In vivo test. A: External view image for trocar-less laparoscopic cholecystectomy in a canine mode; B: Critical view image for trocar-less laparoscopic
cholecystectomy in a canine model (the picture-in-picture view is the image captured by the miniature magnetically anchored camera with its own light source).

anchored unit on the dummy skin surface. Decoupling
did not occur during the operation, even when the
wires were used to pull out the camera. The camera’
s 30° downward angle enabled critical views of the
procedure. The image generated by the camera was
excellent because it was equipped with the highcolor temperature LED and the focal length of the
camera lens was appropriate for the height of the
pneumoperitoneum. The mean operative time was 42
min (38-45 min) (Figure 2B and C).
After confirming the camera’s feasibility for trocarless laparoscopic cholecystectomy in vitro, similar
procedures were also completed in 4 canines without
adverse events, such as bile spillage. The mean
estimated blood loss was 6 mL (3-10 mL). In the
canine model, the camera was also inserted into the
abdomen through a 12-mm conventional trocar and
was easily “pulled up” to the thin abdominal wall
(approximately 1 cm according to the preoperative
ultrasound). The camera was manipulated into position
by smoothly sliding the external magnetically anchored
unit. Because of the 30° downward angle, the critical
views were achieved well, and the image quality was
as excellent as it was in vitro, with high resolution
and sufficient lighting (Figure 3). Approximately once
per operation, the camera had to be pulled out by
the wires to clean fog off of the lens. There were no
instrument collisions. The mean operative time was 50
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min (45-53 min) in vivo. Hematoxylin-eosin staining
showed no significant tissue damage at the muscle
layer in the camera’s active area, thus supporting its
biosafety in vivo (Figure 4).

DISCUSSION
SSL was once considered a promising alternative
[9]
approach to conventional laparoscopic surgery .
Unfortunately, all instruments were constrained in a
single port, which was technically demanding, and the
incision length impeded the widespread adoption of SSL
[11-15]
for laparoscopic surgery
. The new approach must
maintain the ergonomics of traditional laparoscopy
and reduce the incision length. We have therefore
investigated trocar-less laparoscopy, which relies on
conventional laparoscopic trocars. For example, a
laparoscopic cholecystectomy was performed using
2 conventional trocars in this study. Because trocarless laparoscopy is predicated on conventional trocars,
the surgical instruments for the new approach, such
as the retractor and cautery device, are the same
as those used for conventional laparoscopy. Trocarless laparoscopy addresses the dilemma of SSL while
offering additional benefits. It saves money and training
time compared with SSL, which encourages its clinical
adoption.
The new instrument’s special positioning technology
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Figure 4 Pathologic assessment of abdominal wall. A: Hematoxylin-eosin (HE) staining of normal area; B: HE staining of active area.
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Figure 5 The method of achieving a 30° downward angle using the miniature magnetically anchored camera.

the incision of SSL ( unpublished data). However, the
view angle of this camera is 90° downward, whereas
conventional laparoscopy has a 30° downward angle.
In our current work, we refined the camera’s internal
magnets and vision model to minimize its size. More
significantly, the latest generation of the magnetically
anchored camera achieves a 30° downward angle using
a metal hexagonal nut, thus making the new camera
suitable for trocar-less surgery. The 30° downward
angle was achieved as follows: (1) the bottom of the
vision model was fixed to point A and point D of the
metal hexagonal nut; (2) the metal nut was attracted
by an inner magnet (the inner magnet was vertical to
the long axis of the camera) so the vision model would
achieve a different downward angle by turning the nut;
and (3) when LAE was parallel to the long axis of the
inner magnet, the vision model had a 30° downward
angle (Figure 5). This is a simple but reliable method
to achieve the 30° downward angle because the nut is
hexagonal.
This is a small pilot study limited to a canine
model. The new generation of cameras will be a vital
advance only if the following problems are addressed:
First, if the new camera can cooperate with other
magnetically anchored and controlled instruments
(such as the magnetically anchored retractor that we
developed previously), the trocar-less laparoscopy
performed with a single conventional trocar will be
possible. Unfortunately, in our experience, multiple
outer magnets cause magnet-to-magnet interference
and operator hand-to-magnet collisions. The minimum

is the key to trocar-less laparoscopy and should
address the following requirements: First, the new
instrument should not occupy space in the trocar during
surgery to avoid instrument conflicts. Second, the new
instrument should use the entire insufflated abdomen
to accommodate the required changes in position.
Many positioning technologies have been attempted in
trocar-less surgery, such as vacuum positioning, needle
[16-18]
anchoring, and magnetic anchoring
. Magnetically
anchoring is the most promising positioning technology
because the coupling force is generated by internal
and outer components without direct contact, thus
allowing the instrument to be free from the trocar and
enabling the full use of the insufflated abdomen. Other
positioning technologies have deficiencies in reliable
anchoring and convenient guidance.
Surgeons who perform minimally invasive la
paroscopic procedures have significant interests in
developing magnetically anchored and controlled
instruments. Numerous instruments have been deve
loped, such as cameras, retractors, dissectors, and
[19-25]
even surgical robots
. Most of these instruments are
above Φ20 mm because they aim to address instrument
collisions in SSL, which are not suitable for trocar-less
surgery that relies on conventional trocars. Our team
has strongly advocated this promising technology
in the hope of further advancing minimally invasive
surgery. Our team previously developed a deployable
magnetically anchored retractor that could pass through
[26]
a conventional 12 mm trocar . We also developed an
MMAC measuring Φ11 mm × 50 mm aimed at reducing
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using 2 conventional trocars was performed using this camera system. The
authors developed an artful method to achieve the 30° downward angle of the
camera by simply using a metal hexagon, which is crucial to obtain excellent
intraoperative optics.

separation distance of outer magnets is considered to
[16]
be 3 cm . Future studies should focus on developing
an external magnet platform to reconcile the collisions
by keeping the outer magnets at an appropriate
separation distance. Second, kinematic safety is still
a blind area in magnetically anchored and controlled
instruments. Although decoupling rarely occurs in
current research because the latest camera is light and
the outer magnet is sufficiently large, it is necessary
to resolve the cause of decoupling to operate mag
netically anchored and controlled instruments safely.
Abdominal wall thickness has been regarded as a
[27]
relative factor . However, more issues need to be
explored for the further development of magnetically
anchored and controlled instruments.
In conclusion, we have successfully designed,
manufactured, and implemented a new magnetically
anchored and controlled camera system to perform
trocar-less laparoscopy. The system consists of an
MMAC with a 30° downward angle, a vision output
device, and an external magnetically anchored unit.
The miniature camera measures Φ10.5 mm × 55 mm
and weighs 12 g. It can be inserted into a 12-mm
conventional trocar and easily maneuvered in the
abdomen. The image generated by the camera is
excellent and sufficient to perform cholecystectomy.
Pilot studies in canine models have demonstrated the
feasibility of canine laparoscopic cholecystectomy using
the MMAC with a 30° downward angle and only 2
conventional trocars. Future studies will aim to modify
the current device and develop new magnetically
anchored and controlled instruments to minimize the
invasiveness of laparoscopic surgery further.

Applications

The miniature magnetically anchored and controlled camera system provided
in this study could realize trocar-less laparoscopy by replacing the trocar
used for the laparoscopy. Combined with other instruments, a laparoscopic
cholecystectomy based on only one conventional trocar could be achieved in
the future by using the camera system, which would be much less invasive than
current SSL.

Terminology

Magnetically anchored instruments are positioned intra-abdominally and
stabilized through a coupling force to external magnets on the abdominal
skin. In this way, the instruments do not share space with the trocar during
surgery. The miniature magnetically anchored camera is a type of magnetically
anchored instrument used for providing intraoperative optics.

Peer-review

The research group presented an interesting concept. The miniature
magnetically anchored and controlled camera system has drawn the interest of
surgeons to conduct further research and make a judgment about it. It may be
a promising method for trocar-less laparoscopy. This is a very interesting work.
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Abstract
AIM
To examine the effects of Acanthopanax senticosus
polysaccharides (ASPS) on intestinal tight junction (TJ)
disruption and nuclear factor-kappa B (NF-κB)/myosin
light chain kinase (MLCK) activation in endotoxemia.
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Data sharing statement: The data referred to in this manuscript
have been generated solely by the authors. No other party has
been involved. Therefore, no additional unpublished data are
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METHODS
BALB/C mice (6-8-weeks-old) received continuous
intragastric gavage of ASPS for 7 d before injection
of lipopolysaccharide (LPS), or received ASPS once
after LPS injection. Blood and intestinal mucosal
samples were collected 6 h after LPS challenge. Clinical
symptoms, histological injury, intestinal permeability,
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TJ ultrastructure, and TJ protein expression were
determined.

INTRODUCTION
Sepsis and resulting organ system dysfunction are
the most frequent causes of death in intensive care
[1]
patients worldwide , and were identified to occur
mainly in response to lipopolysaccharide (LPS) from
Gram-negative bacteria and to develop rapidly into
[2]
fatal systemic infections . The gastrointestinal tract
is involved in the initial response to the systemic
[3]
inflammatory reaction . Impaired intestinal barrier
function or increased epithelial permeability may
promote the translocation of bacteria and the entry
of allergenic compounds from the gut into the body,
[4,5]
increasing susceptibility to infections
, and this
process has been implicated in the development of
[6]
sepsis and septic multiple organ dysfunction .
Tight junctions (TJs) and their associated proteins,
such as zonula occludens (ZO), occludin and claudins,
are critical in maintenance of the intact intestinal
[7]
epithelial barrier , which can regulate the entry of
nutrients, ions and water, while restricting the entry
of luminal pathogens and antigenic molecules into the
[8]
mucosa . TJ breakdown occurs in polymicrobial sepsis
when TJ proteins are remodeled due to interactions
[9]
with external stimuli, such as pathogenic bacteria .
Signaling molecules, such as myosin light chain kinase
(MLCK) have been implicated in the assembly and
regulation of TJs via phosphorylation of myosin light
[10]
chain (MLC) . MLCK can be mediated according to
transcriptional increase by nuclear factor-kappa B (NFκB) in the inflammatory response, and thus results in
[11]
TJ barrier breakdown . In vivo and in vitro models
[12]
have demonstrated that inhibition of MLCK
and NF[13]
κB can prevent the deleterious effects of LPS-induced
sepsis and leads to TJ preservation.
In recent years, there has been growing interest in
the development of new therapeutic strategies in sepsis.
Acanthopanax senticosus (AS) has been widely used
for thousands of years in China as a traditional herbal
medicine to regulate hypoxia, fatigue and appetite loss
[14,15]
without side effects
. Polysaccharides extracted from
AS (ASPS) are major active ingredients with multiple
pharmacologic and biological characteristics, including
[16]
[17]
immune regulation and anti-inflammation . A recent
in vivo study suggested that ASPS could exert positive
effects on intestinal mucosal integrity and suppress NF[18]
κB activation . However, the mechanisms by which
ASPS exert these effects on TJ disruption in a mouse
model of endotoxemia have not yet been elucidated.
In the present study, we determined the effects of
ASPS on MLCK activation and TJ barrier breakdown
in LPS-induced endotoxemia to evaluate whether the
administration of ASPS alleviates endotoxemia-induced
epithelial TJ breakdown by suppressing the NF-κB/MLCK
signaling pathway.

RESULTS
Compared with mice in the LPS group, pretreatment
with ASPS improved clinical and histological scores
by 390.9% (P < 0.05) and 57.89% (P < 0.05),
r e s p e c t iv e l y , and gut permeability change in
endotoxemic mice was shown by a 61.93% reduction in
reduced leakage of fluorescein isothiocyanate-dextran 6
h after LPS injection (P < 0.05). ASPS pretreatment also
prevented LPS-induced TJ ultrastructure breakdown
supported by increased electron dense materials
between adjoining cells, sustained redistribution and
expression of occludin (0.597 ± 0.027 vs 0.103 ± 0.009,
P < 0.05) and zonula occludens-1 (0.507 ± 0.032 vs
0.125 ± 0.019, P < 0.05), and suppressed activation
of the NF-κB/MLCK pathway indicated by reduced
expression of NF-κB, phospho-inhibitor kappa B-alpha,
MLCK and phospho-myosin light-chain-2 by 16.06% (P
< 0.05), 54.31% (P < 0.05), 66.10% (P < 0.05) and
64.82% (P < 0.05), respectively.
CONCLUSION
ASPS pretreatment may be associated with inhibition of
the NF-κB/MLCK pathway and concomitant amelioration
of LPS-induced TJ dysfunction of intestinal epithelium
in endotoxemia.
Key words: Acanthopanax senticosus polysaccharide;
Intestinal permeability; Tight junction; Nuclear factorkappa B; Myosin light chain kinase
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acanthopanax senticosus polysaccharides
(ASPS) effectively protect against gastric tight junction
(TJ) injury in sepsis. ASPS pretreatment significantly
improved intestinal histological appearance and gut
permeability, increased electron dense between adjoining
cells, sustained the expression and redistribution of
occludin and zonula occludens-1, suppressed the
expression of nuclear factor-kappa B p65 (NF-κBp65)
and phospho-inhibitor kappa B-alpha and myosin light
chain kinase (MLCK), as well as phospho-myosin lightchain-2 in endotoxemia. These findings suggest that
ASPS pretreatment may be associated with inhibition of
the NF-κB/MLCK pathway and concomitant amelioration
of gastric TJ dysfunction in the mouse model of
endotoxemia.
Han J, Li JH, Bai G, Shen GS, Chen J, Liu JN, Wang S, Liu XJ.
Acanthopanax senticosus polysaccharides-induced intestinal
tight junction injury alleviation via inhibition of NF-κB/MLCK
pathway in a mouse endotoxemia model. World J Gastroenterol
2017; 23(12): 2175-2184 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i12/2175.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2175
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MATERIALS AND METHODS
Preparation and analysis of ASPS

Details on the preparation of ASPS, which were taken
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Table 1 Clinical scoring system
Variables

Score
0

Conjunctiva secretion
Stool consistency
Fur appearance
Stimulation activity

1

Closed eyes or opened with serious
secretion
Watery stool
Rough and dull fur
Lethargy and raising head after
moderate stimulation

Opened eyes with moderate
Normal eye without conjunctivitis
discharge
Loose stool
Normal stool
Reduced grooming fur
Smooth and shiny fur
Inactive and reduced alert, < 2 steps Normal action and reaction, > 2 steps
after moderate stimulation
after moderate stimulation

Clinical symptom score

from the root of AS, using an ethanol precipitation
[18]
method have been reported previously . Proteins
[19]
were removed by the Sevag method
and poly
saccharide content after purification using the
[20]
phenol-sulfuric acid method was 92.7% . Analysis
of monosaccharide composition in ASPS was by
ion chromatography according to a previously
[21]
described method , which showed that it is a
heteropolysaccharide composed of glucose, galactose,
arabinose, mannose, rhamnose and xylopyranose.

Clinical symptom scores of severity of conjunctiva
secretion, stool consistency, messy fur, and inactivity
were determined at specified time points using
a 3-point scale according to a method described
[22]
previously
with slight modifications. The scoring
system is presented in Table 1. Clinical symptoms
in each mouse were evaluated at 2, 4 and 6 h after
LPS injection and scored blindly by three independent
researchers. The means of three assessments were
obtained for grading.

Experimental animals

Histopathological evaluation of the intestine

Male BALB/C mice (Changsheng Life Sciences Co.,
Ltd., Changchun, China), weighing 20-25 g, aged 6-8
wk, were housed individually in a temperature (22 ±
2 ℃) and humidity (53% ± 2%) controlled room with
a 12-h light/dark cycle and ad libitum access to chow
and water. All animal experiments conformed to the
guidelines on caring for and use of laboratory animals
which were reviewed by the Animal Ethics Committee
of College of Animal Science & Veterinary Medicine,
Shenyang Agricultural University (Permit No. SYXK
(Liao) 2011-0001).

After sacrifice and excision of ileal and colonic segments
near to the cecum for observation of intestinal
macroscopic features, ileal segments measuring
approximately 2-cm were stained with hematoxylin and
eosin (HE) for morphological observation. The details of
this process were as follows: intestinal segments were
transferred into 4% paraformaldehyde and embedded
in paraffin. Sections measuring 5-μm thick were sliced,
deparaffinized, rehydrated and stained with HE to
observe the degree of intestinal mucosal damage using
a biomicroscope (Axio Scope A1; Zeiss, Oberkochen,
Germany) and scored according to the method by Chiu,
as follows: score of (1) normal mucosal villi without
damage; (2) broadened subepithelial Gruenhagen’s
space at villous tip; (3) further extension of subepithelial
space from the epithelial layer to the lamina propria; (4)
detachment of less than half of the villous epithelium;
(5) detachment of more than half of the villous epi
thelium and exposed villi with lamina propria; and (6)
disintegration and detachment of the lamina propria.
Five images in each slice were blindly assessed by three
pathologists.

Experimental protocols

Following acclimation for 1 wk, all animals were
randomly assigned to 4 groups (7-8 mice per group):
control, LPS, ASPS + LPS, and LPS + ASPS. Mice in
the ASPS + LPS group were administered continuous
intragastric gavage of ASPS dissolved in normal
saline at the dose of 300 mg/kg daily for 7 d, and
mice in the control, LPS, and LPS + ASPS groups
were given an equivalent amount of normal saline.
After 1 h of intragastric treatment on day 7, mice in
the LPS, ASPS + LPS and LPS + ASPS groups were
injected intraperitoneally with LPS from Escherichia
coli serotype (055:B5; Sigma, St Louis, MO, United
States) at 10 mg/kg dissolved in 1 mL normal saline,
and the control group was given an equivalent amount
of normal saline. The ASPS dose was determined
[17]
in accordance with our previous study . Mice in
the LPS + ASPS group received 300 mg/kg ASPS
intragastrically 30 min after LPS injection. All animals
were anesthetized with pentobarbital sodium (60 mg/
kg, intraperitoneally), killed by cervical dislocation and
samples were collected 6 h after LPS treatment. All
efforts were made to minimize animal suffering.
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2

Determination of intestinal permeability

At 2, 4 and 6 h after LPS injection, 3 mice from each
group were anesthetized with pentobarbital sodium
and a midline laparotomy was performed to expose
the intestinal tract. Lengths of distal ileum measuring
5 cm were isolated and ligated at both ends. A solution
of 100 μL PBS containing 20 mg of 4-kDa fluorescein
isothiocyanate (FITC)-dextran (Sigma) was injected
into the lumen and then the midline skin was sutured.
A 100 μL blood sample was collected via cardiac
puncture 30 min after FITC-dextran injection and
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was diluted with 1.9 mL of 50 mmol/L Tris-buffered
saline (TBS) and centrifuged at 10000 × g for 10
min to obtain plasma. The concentration of FITCdextran in plasma was assayed using a fluorescence
spectrophotometer (970CRT; Shanghai Lengguang
Technology Co, Shanghai, China) with excitation and
emission wavelengths of 480 and 520 nm, respectively.

using the bicinchoninic acid assay and stored at -80 ℃
for subsequent assay.

Western blot assay

An equal amount of protein exact (20-40 μg) was
electrophoresed on a 10% reducing polyacrylamide
gel and transferred onto polyvinylidene difluoride
membranes. Immunoblots were blocked with 3%
bovine serum albumin (BSA) in TBS for 70 min at
room temperature and incubated overnight at 4 ℃
with specific primary antibodies including rabbit antioccludin (1:1000; Proteintech), rabbit anti-ZO-1
(1:1000; Proteintech), rabbit anti-NF-κB p65 (1:5000;
Abcam), rabbit anti-MLCK (1:5000; Abcam), phosphoMLC2 (1:1000; Cell Signaling Technology, Danvers,
MA, United States), and phospho-IκBα (1:1000; Cell
Signaling Technology) in TBS and 0.05% Tween-20
containing 1% BSA.
Blots were washed and then incubated with antirabbit horseradish peroxidase-conjugated secondary
antibodies for 120 min at room temperature. The
bands were detected by enhanced chemiluminescence
and quantified (relative to β-actin expression) using
Scion Image 4.03 analysis software.

TJ transmission electron microscopy

After rinsing with cold PBS, distal ileal sections
measuring 1 mm × 1 mm × 2 mm were cut on ice
and immediately transferred into 4% glutaraldehyde to
fix for 2 h, post-fixed with 1% osmium tetroxide, and
embedded in Epon 812. Thin slices measuring 500 nm
were cut and double stained with uranyl acetate and
lead citrate, and then examined with an transmission
electron microscope (TEM) (HT-7700; Hitachi, Tokyo,
Japan) operated at 100 kV.

Immunofluorescence microscopy

Ileal segments were fixed with 4% paraformaldehyde
and then cut into 3-μm thick slices. The slices were
dewaxed and dehydrated with xylene and ethanol,
respectively, and then incubated in 3% hydrogen
peroxide and the antigens repaired in citrate buffer.
The resulting tissue samples were blocked with 5%
normal goat serum in PBS. After incubation with
antibodies against occludin (1:100; Proteintech,
Chicago, IL, United States), ZO-1 (1:100; Proteintech),
and MLCK (1:200; Abcam, Cambridgeshire, United
Kingdom) in 1% fetal bovine serum overnight at 4 ℃,
the sections were washed and incubated with Cy3conjugated secondary antibodies for 1 h. Sample
images were obtained using a BX43 (Olympus, Tokyo,
Japan) microscope.

Statistical analysis

Data were statistically analyzed by one-way analysis of
variance (ANOVA) using IBM SPSS statistical software,
version 22.0, and differences among the groups were
compared using Duncan’s multiple test. The results
were expressed as mean ± SE, and a 5% level of
probability was considered significant for all analyses.

RESULTS
Clinical symptom score and morphological and
histopathologic evaluation of the intestine

Protein extraction from the nucleus and cytoplasm of
intestinal mucosa

The clinical symptoms and morphological and
histopathologic changes following ASPS treatment
were assessed in this model of endotoxemia induced
by LPS challenge. The LPS group showed a pronounced
decline in the clinical symptom score compared with
the control group (P < 0.05). The clinical symptom
score in mice pretreated with ASPS was significantly
improved by 390.9% (P < 0.05) (Figure 1A), and
showed less edema in the cecum and a thicker colon
with more and larger stool pellets compared with the
LPS-treated mice (Figure 1B).
The histological examination using HE staining
showed marked damage characterized by atrophic
villi with a discontinuous brush border and irregular
epithelium in endotoxemic mice in the LPS group. As
expected, these negative histologic changes in the LPS
group were significantly alleviated by pretreatment
with ASPS rather than subsequent administration of
ASPS following LPS injection (Figure 1C). The intestinal
histological score in the LPS group was significantly
increased compared with the control group (P < 0.05).

Protein extracts were prepared according to a previously
[23]
described method
with some modifications. Ileal
mucosa samples were collected near the cecocolonic
junction and ground with liquid nitrogen. The powder
was incubated on ice for 10 min with a buffer con
taining KCl at 10 mmol/L, HEPES at 10 mmol/L (pH
7.9), MgCl2 at 1.5 mmol/L, dithiothreitol at 1 mmol/L
and benzene methyl sulfuryl fluoride at 1 mmol/L, and
then centrifuged at 5000 × g for 3 min. The precipitate
was resuspended in this buffer and centrifuged again
to obtain the supernatant as the cytoplasmic extract
for protein expression assay of occludin, ZO-1,
phospho-MLC2, and phospho-IκBa, and the resulting
precipitate was lysed by incubation for 30 min in 0.2
mL buffer containing HEPES at 20 mmol/L, glycerol at
25%, NaCl at 420 mmol/L, MgCl2 at 1.5 mmol/L and
EDTA at 0.2 mmol/L. Following centrifugation at 12
000 for 15 min, the supernatant (nuclear extract) was
obtained and the expression of NF-κB p65 and MLCK
was analyzed. The extracted proteins were quantified
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Figure 1 Effects of acanthopanax senticosus polysaccharides on clinical score, macroscopic features of distal ileum and colon, histological appearance
and score of distal ileum in lipopolysaccharide-induced mice. A: Mice were assessed for clinical score at designated time points after lipopolysaccharide
(LPS) challenge (n = 8); B: Representative photographs of the distal ileums and colons at 6 h after LPS injection (n = 8); C: Effects of acanthopanax senticosus
polysaccharides (ASPS) on LPS-induced intestinal histopathologic changes. Ileum was processed for morphological and histopathologic evaluation at 6 h after LPS
induction (n = 3). The representative photomicrographs of ileal segments stained with hematoxylin and eosin at 200 × magnification of C1, control group; C2, LPS
group; C3, ASPS + LPS group; and C4, LPS + ASPS group; D: Intestinal histopathologic score was determined at 6 h after LPS challenge (n = 3); E: Effects of ASPS
on LPS-induced increase in iliac mucosal permeability. The intestinal permeability of 4 kDa fluorescein isothiocyanate (FITC)-dextran in ileal pouch was measured at 2,
4 and 6 h after LPS administration (n = 8). aP < 0.05, vs the control group; cP < 0.05, vs the LPS group.

ASPS pretreatment markedly reversed the effect of LPS
by 57.89% (P < 0.05). However, oral administration
of ASPS following LPS injection did not reverse the
damage induced by LPS (P > 0.05) (Figure 1D).

0.05). A marked reduction (61.93%) in the amount
of FITC-dextran in the circulation was observed in the
ASPS pretreatment group (P < 0.05) rather than posttreatment in the ASPS group (P > 0.05) (Figure 1E).

Intestinal permeability assay

TJ protein location and expression and TJ ultrastructure
The localization and expression of occludin and ZO-1
proteins were evaluated by immunofluorescence to
determine the influence of ASPS on TJ disruption
induced by LPS. Mice in the LPS group exhibited
less staining of occludin and ZO-1 in the ileum.
Correspondingly, ASPS pretreatment attenuated the

At 2, 4 and 6 h after LPS administration, gut mucosal
permeability was evaluated ex vivo by measuring the
leakage of FITC-dextran from the intestinal epithelium
into the systemic circulation. The concentration of
FITC-dextran was significantly increased after LPS
administration compared with the control group (P <
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redistribution of TJ proteins with the presence of
continuous bands along the epithelial sheet. However,
in the LPS + ASPS group, the loss of both proteins was
not attenuated, and TJ distribution was similar to that
in the LPS group (Figure 2A). Similarly, the expression
of both proteins using immunoblotting was decreased
in ileal epithelium in endotoxemic mice (P < 0.05).
Pretreatment with ASPS partially up-regulated LPSinduced loss of occludin (0.597 ± 0.027 vs 0.103 ±
0.009, P < 0.05) and ZO-1 (0.507 ± 0.032 vs 0.125
± 0.019, P < 0.05). In contrast, the administration
of ASPS after LPS injection did not ameliorate the
loss of these proteins (P > 0.05) (Figure 2B). The
intact structure and electron dense materials between
the adjoining cells observed in the control group
decreased 6 h after LPS treatment. As expected, ASPS
pretreatment significantly attenuated the negative
changes induced by LPS induction. However, these
pathologic changes were not reversed following the
administration of ASPS after LPS injection (Figure 2C).

systemic inflammatory response syndrome, which
is characterized by a whole body inflammatory state
[9]
and multiple organ failure . Therapy is conceivable
by regulating TJ integrity to trigger decreased
permeability via the paracellular pathway.
Although the underlying mechanism by which
intestinal TJ is damaged in endotoxemia is not fully
elucidated, the altered localization of TJ proteins due
to activation of the NF-κB/MLCK signaling pathway
is believed to play a vital role in TJ disruption in
intestinal inflammation. NF-κB is a transcription
factor and has long been considered the central
mediator of the inflammatory process, with the main
heterodimer consisting of NF-κBp65 and regulating the
genes involved in many aspects of the inflammatory
[25]
response . NF-κBp65 can be induced to undergo
cytoplasmic-to-nuclear translocation when its inhibitory
factor I-κB is phosphorylated and degraded in
[26]
intestinal mucosa during endotoxemia , and can bind
to the MLCK promoter region to cause MLCK-mediated
MLC phosphorylation and concomitant remodeling of
the localization of TJ proteins and functional opening
[27,28]
by contracting actin-myosin filaments
. Thus, it is
becoming increasingly evident that inhibiting activation
of the NF-κB/MLCK signaling pathway may potentially
lead to repair of the compromised intestinal TJ barrier
in endotoxemia.
ASPS are widely used as therapy for immune
regulation and anti-inflammation in China. ASPS
have been demonstrated to ameliorate LPS-induced
[15]
inflammatory response in piglets
and appear to
have beneficial effects against LPS-induced intestinal
mucosal injury and integrity loss in the mouse model
of endotoxemia by suppressing over-activation
[17]
of the NF-κB signaling pathway . Although NFκB and MLCK-mediated MLC phosphorylation are
clearly involved in TJ regulation in inflammation, the
beneficial effects of ASPS on intestinal TJ disruption
in endotoxemia and whether this signaling pathway is
involved in the opening of TJ following administration
of ASPS are poorly elucidated.
In the current study, a well-documented mouse
model of endotoxemia induced by LPS injection was
successfully used. The mice appeared to have typical
clinical symptoms characterized by watery stools,
increased secretion, somnolence and inactivity, as
well as histopathologic macroscopic and microscopic
changes, including edematous and thin intestine, villus
atrophy, and epithelial shedding. In addition, 6 h after
injection of LPS was chosen as the sampling time,
according to previous studies which had suggested
that an acute intestinal inflammatory response was
[29,30]
observed 3-6 h after LPS injection
.
HE staining and the FITC-dextran assay of distal
ileum showed that ASPS alleviated mucosal integrity
loss in mice with endotoxemia, as demonstrated by
an improvement in morphological appearance and a
decline in the concentration of FITC-dextran in plasma.

NF-κ B/MLCK pathway response

Figure 3A shows the nuclear expression of NF-κB p65
and MLCK, and the cytoplasmic expression of phosphoIκBα and phospho-MLC2 in intestinal epithelium
analyzed by western blotting in the 4 experimental
groups. Furthermore, staining of MLCK in the distal
ileal epithelium was shown by immunofluorescence to
determine the distribution of MLCK (Figure 3B). The
expression of NF-κB p65 and MLCK in the nucleus, and
phospho-IκBα and phospho-MLC2 in the cytoplasm
were markedly increased in LPS-challenged mice,
which was concordant with localization of MLCK at the
periphery of the cells (P < 0.05). ASPS pretreatment
significantly reversed the effects of endotoxemia
induced by LPS on the expression of these proteins
6 h after LPS challenge (P < 0.05). However,
administration of ASPS following LPS injection did not
improve these effects.

DISCUSSION
The gastrointestinal epithelium which forms a boun
dary effectively provides a selective permeable barrier
that prevents pathogenic bacteria and their effectors
entering the mucosal tissues from the intestinal
lumen. This selective permeable barrier is achieved
[8]
by intercellular TJ structures . A TJ is a multi-protein
complex comprised of the transmembrane proteins
occludin, the claudin family proteins, as well as the
cytoplasmic protein ZO-1, and forms a seal between
[24]
adjacent intestinal epithelial cells . However, opening
of the TJ is primarily dependent on the composition
[6]
and organization of these TJ proteins , which is
not static but a highly dynamic structure that is
constantly being remodeled due to interactions with
pathogenic bacteria. These bacteria cause TJ damage
and further increase intestinal permeability and the
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These findings were consistent with our previous
results regarding improved intestinal integrity by ASPS
in LPS-challenged mice. ASPS also prevented LPSinduced TJ ultrastructural breakdown, supported by
increased electron dense materials between adjoining
cells using TEM. In addition, ASPS pretreatment
positively reversed the distribution and expression
of occludin and ZO-1 in mice with endotoxemia.
Collectively, these results indicate that pretreatment
with oral ASPS may be a preventive option for
decreasing TJ disruption in endotoxemia. However, our
study on the effects of ASPS administration subsequent
to LPS injection demonstrated their unavailability in
endotoxemia.
Gut-associated systemic infection resulting in
systemic diseases is associated with increased mucosal
[31]
permeability . TJ opening involved in permeability
regulation is primarily dependent on MLCK-mediated
MLC phosphorylation during the pathophysiology of
endotoxemia. In order to determine the underlying
mechanism involved in the beneficial effect of ASPS
on TJ opening in endotoxemic mice, activity of the NFκB/MLCK signaling pathway in intestinal epithelium
was determined and the results showed that ASPS
modulated the expression of NF-κBp65 and MLCK in
the nucleus and phospho-IκBα and phospho-MLC2 in
the cytoplasm. The results of our study demonstrated
that ASPS pretreatment suppressed the activation
of related signaling molecules of the NF-κB/MLCK
pathway rather than post-administration, which is
consistent with the results of attenuated TJ dysfunction
and decreased intestinal permeability in endotoxemic
mice. This may be attributed to the pharmacokinetic
features of ASPS, although little is understood
regarding these features. Interestingly, our recent
work may provide some clues as to whether regulatory
expression of TLR4 and EGF/EGFR occurred following
[18,32]
pretreatment with ASPS
. We suggest that ASPS
administration prior to endotoxemia functions via
[33]
EGF/EGFR-dependent regulation of TLR4 , whereby
EGFR mediates intestinal epithelium growth and
differentiation. More attention should be paid to the
relationship between EGFR and TJ proteins. However,
in the case of endotoxemia, ASPS are unavailable due
to LPS combining with TLR4 to activate NF-κB rather
than EGF/EGFR.
It is worth noting that our present study provides
a new understanding of the influencing mechanism
of ASPS on TJ damage in relation to the MLCK/NFκB pathway. Further attention to other modulations
between TJ damage and the protein kinase pathway,
calcium ion pathway, G proteins and so on will allow
the comprehensive identification of ASPS action.
In addition, ASPS intake preceding any upcoming
stressful and infectious conditions is likely to be applied
in routine clinical practice. Further clinical research
should be carried out to accumulate evidence to
support treatment with ASPS.
In conclusion, the present study demonstrates that
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pretreatment with oral ASPS prior to the development
of endotoxemia can mitigate intestinal epithelial TJ
breakdown in the mouse model of endotoxemia.
The underlying mechanism may be associated with
inhibition of activation of the NF-κB/MLCK signaling
pathway. These results suggest that ASPS may be a
potential therapeutic strategy for intestinal permeability
loss in sepsis.
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Abstract
AIM
To assess the occurrence of autoimmune pancreatitis
(AIP) in pancreatic resections performed for focal
pancreatic enlargement.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
We performed a retrospective analysis of medical
records of all patients who underwent pancreatic
resection for a focal pancreatic enlargement at our

Conflict-of-interest statement: We have no financial relationship
to disclose.
Data sharing statement: No additional data are available.
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tertiary center from January 2000 to July 2013.
The indication for surgery was suspicion of a tumor
based on clinical presentation, imaging findings and
laboratory evaluations. The diagnosis of AIP was based
on histology findings. An experienced pathologist
specialized in pancreatic disease reviewed all the cases
and confirmed the diagnosis in pancreatic resection
specimens suggestive of AIP. The histological diagnosis
of AIP was set according to the international consensus
diagnostic criteria.

org/10.3748/wjg.v23.i12.2185

INTRODUCTION
Autoimmune pancreatitis (AIP) is a rare clinical entity
with an estimated prevalence of 0.82-2.2/100000
[1,2]
inhabitants in Japan . The prevalence of this disease
in Western countries remains to be determined.
AIP is diagnosed in only about 6% of patients
[3]
with idiopathic chronic pancreatitis . Within this
group, AIP is defined by specific clinical, laboratory,
[4]
radiological, and histological findings . Currently, two
subtypes of AIP are recognized. Type 1, also known
as lymphoplasmacytic sclerosing pancreatitis, is
considered a pancreatic manifestation of IgG4-related
sclerosing disease. Type 2, idiopathic duct-centric
pancreatitis, is often associated with inflammatory
bowel disease. Type 1 disease is characterized by
sclerosing storiform fibrosis with a lymphoplasmatic
infiltrate rich in IgG4-positive plasma cells, and
[5]
elevated serum IgG4 levels . Type 2 disease is
characterized by disruption of the duct wall due to
invasion by neutrophilic granulocytes, i.e., granulocytic
epithelial lesions, absence of IgG4-positive plasma
cells, and no serum elevation of IgG4. These cha
racteristic changes may result in diffuse swelling or
focal enlargement of the organ. Patients with AIP
often present with jaundice, abdominal pain and focal
pancreatic enlargement. The lack of specific symptoms
makes the diagnosis of AIP difficult.
Diagnostic algorithms from Japan, South Korea
[6-8]
and United States were proposed in 2006
. The
international consensus diagnostic criteria (ICDC)
published in 2011, unify the previous diagnostic
strategies while respecting regional differences in
[4]
clinical practice . The ICDC are based on evaluation
of the pancreatic parenchyma by imaging (CT,
MRI), the structure of the pancreatic duct, histology,
serology, involvement of other organs, and response
to corticosteroid therapy. A typical, although not the
most common, imaging finding is diffuse enlargement
of the pancreas. This may be accompanied by delayed
enhancement (sausage-like pancreas or rim-like
enhancement); however, often only segmental or
focal enlargement of the pancreas is seen, especially
[9,10]
in AIP type 2
. Consequently, differentiating pan
creatic cancer (PC) from AIP can be difficult and
requires demonstration of a combination of clinical,
serological, morphological and histological features.
Despite the availability of well-defined diagnostic
criteria, 6%-8% of patients with a pancreatic mass
undergo unnecessary resection prior to a finding of
[11]
autoimmune pancreatitis .
The aim of our study was to determine the
proportion of patients at our center with AIP among
those who had a pancreatic resection for a pancreatic
mass and to define the clinical characteristics of this

RESULTS
Two hundred ninety-five pancreatic resections were
performed in 201 men and 94 women. AIP was
diagnosed in 15 patients (5.1%, 12 men and 3 women)
based on histology of the resected specimen. Six of
them had AIP type 1, nine were diagnosed with AIP
type 2. Pancreatic adenocarcinoma (PC) was also
present in six patients with AIP (40%), all six were
men. Patients with AIP + PC were significantly older
(60.5 vs 49 years of age, P = 0.045), more likely to
have been recently diagnosed with diabetes (67% vs
11%, P = 0.09), and had experienced greater weight
loss (15.5 kg vs 8.5 kg, P = 0.03) than AIP patients
without PC. AIP was not diagnosed in any patients prior
to surgery; however, the diagnostic algorithm was not
fully completed in every case.
CONCLUSION
The possible co-occurrence of PC and AIP suggests
that preoperative diagnosis of AIP does not rule out
simultaneous presence of PC.
Key words: Chronic pancreatitis; Pancreatic cancer; IgG4related disease; Autoimmune pancreatitis; Malignancy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this retrospective study we confirmed
that a considerable proportion of patients undergoing
pancreatic resection for tumor suspicion have
autoimmune pancreatitis. Furthermore, we show
here the largest ever published group of patients with
pancreatic cancer and autoimmune pancreatitis cooccurrence. The possible synchronous occurrence
of autoimmune pancreatitis and pancreatic cancer
implies major clinical consequences as the preoperative
diagnosis of autoimmune pancreatitis might not rule
out pancreatic cancer. Patients with autoimmune
pancreatitis and patients with autoimmune pancreatitis
and pancreatic cancer differed in age at presentation,
presence of diabetes and the extent of weight loss.
Macinga P, Pulkertova A, Bajer L, Maluskova J, Oliverius
M, Smejkal M, Heczkova M, Spicak J, Hucl T. Simultaneous
occurrence of autoimmune pancreatitis and pancreatic cancer in
patients resected for focal pancreatic mass. World J Gastroenterol
2017; 23(12): 2185-2193 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i12/2185.htm DOI: http://dx.doi.
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Figure 1 Histological findings in resected pancreatic tissue in a patient with synchronous presence of type 1 autoimmune pancreatitis and pancreatic
cancer. A: Autoimmune pancreatitis (AIP), hematoxylin-eosin (HE) staining, original magnification × 40; B: AIP showing storiform fibrosis, HE staining, original
magnification × 40; C: AIP with immunohistochemical staining of plasma cells for IgG4; D: Pancreatic cancer, HE staining, original magnification × 40.

subgroup.

by the center statistician using JMP 10 software (SAS
Institute Inc., Cary, NC).
The study was performed according to Declaration
of Helsinki including the changes accepted in Soul,
th
South Korea, during the 59 WMA General Assembly.

MATERIALS AND METHODS
We retrospectively analyzed medical records of all
patients who underwent pancreatic resection for
a focal pancreatic enlargement at the Institute for
Clinical and Experimental Medicine from January 2000
to July 2013. The indication for surgery was suspicion
of a tumor based on clinical presentation, imaging
findings and laboratory evaluations. Many patients
were referred to our tertiary center for pancreatic
surgery with a diagnostic workout already done in the
referring hospital and with an established diagnosis of
suspected pancreatic cancer.
The diagnosis of AIP was based on histology
findings. An experienced pathologist (J.M.) specialized
in pancreatic diseases (hundreds of PC and chronic
pancreatitis cases reported) reviewed all the cases
and confirmed the diagnosis in pancreatic resection
specimens suggestive of AIP. The histological diagnosis
of AIP was based on the ICDC criteria. In AIP type 1,
the presence of storiform fibrosis, obliterative phlebitis,
and abundant IgG4-positive plasma cells was required,
granulocytic epithelial lesions were indicative of AIP
[4]
type 2 .
The Mann-Whitney U test was used for statistical
analysis of quantitative data and the Fisher’s exact test
was used for qualitative data. A P-value of 0.05 was
required for statistical significance. Data were analyzed

WJG|www.wjgnet.com

RESULTS
During the study period, we performed a total of
295 pancreatic resections in 201 men (68%) and 94
women (32%) with a median age of 61 (36-78) years.
Pathological examination of the resected specimens
revealed AIP in 15 patients (5.1%); 12 men and 3
women with a median age of 57 (35-67) years. A
diagnosis of AIP was considered, but not confirmed, in
two of these patients prior to pancreatectomy. In 13 of
those patients (87%), the indication for resection was
preoperative focal enlargement in the pancreatic head;
two patients had an expansion of the tail. Six patients
(40%), all men with a median age of 53 (46-67) years,
were diagnosed with AIP type 1. Nine patients (60%),
six men and three women with a median age of 58
(35-64) years had pathological findings consistent with
AIP type 2.
In six patients (40%) with AIP (two AIP type 1
and four AIP type 2), a PC was also present in the
resected tissue (Figure 1A-D). In five patients the
cancer was localized in the head of the pancreas and
in one patient the pancreatic tail was affected. The
characteristics of AIP patients with and without PC are
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Table 1 Characteristics of patients with autoimmune pancreatitis and autoimmune pancreatitis + pancreatic cancer n (%)

Total
AIP type 1
AIP type 2
Sex (males)
Age
Smoking
Recent onset of diabetes mellitus
History of another autoimmune disorder
History of pancreatic disease
Jaundice
Weight loss
in kilograms
Location of lesion (head of the pancreas)
Ca 19-9 (normal range 0-27 kU/L)

AIP without PC

AIP with PC

9 (60)
4 (44)
5 (56)
6 (67)
49 (35-64)
5 (56)
1 (11)
4 (44)1
5 (56)2
3 (33)
6 (67)
8.5 (3-12)
8 (89)
35.2 (2.5-300)

6 (40)
2 (33)
4 (67)
6 (100)
60.5 (54-67)
4 (67)
4 (67)
0
1 (17)3
4 (67)
6 (100)
15.5 (8-50)
5 (83)
89.8 (19.8-110)

P value

0.045
0.090

0.030

1 × IgG4-related sclerosing cholangitis, 1 × IgG4-related sialadenitis, 1 × Crohn's disease, 1 × Autoimmune thyroiditis; 22 × Chronic pancreatitis, 3 ×
Acute pancreatitis; 31 × Chronic pancreatitis. Quantitative data are expressed as median (range), qualitative data as absolute values with percentages. AIP:
Autoimmune pancreatitis; PC: Pancreatic cancer.
1

Table 2 Histopathology findings in patients with type 1 autoimmune pancreatitis + pancreatic cancer
Patient
2
6

Sex

Age

Periductal lymphoplasmacytic infiltrate
without granulocytic infiltration

Obliterative phlebitis

Storiform
fibrosis

IgG4-positive
cells

M
M

67
61

Yes
Yes

Yes
Yes

Yes
Yes

47/HPF
58/HPF

HPF: High-power field.

Table 3 Histopathology findings in patients with type 2 autoimmune pancreatitis + pancreatic cancer
Patient
1
3
4
5

Sex

Age

Granulocytic infiltration of duct wall
(GEL)

M
M
M
M

54
63
58
60

Yes
Yes
Yes
Yes

Granulocytic and
lymphoplasmacytic acinar infiltrate

IgG4-positive cells
4/HPF
2/HPF
7/HPF
4/HPF

HPF: High-power field.

shown in Table 1. All patients with AIP and PC were
men, and their median age was 60.5 (54-67) years.
All patients with AIP + PC had a history of significant
weight loss (median 15.5kg, range 8-50), which was
greater than the weight loss present in the six AIP
patients without PC (median 8.5kg, range 3-12, P
= 0.03). Patients with AIP + PC were significantly
older (median age 60.5 vs 49, P =0.045) and were
more likely to have been diagnosed with recent-onset
diabetes mellitus (within six months prior to resection)
in the preoperative period (67% vs 11%, P = 0.09).
History of smoking was similar in both groups (56%
AIP patients vs 67% AIP + PC patients). There was
not a statistically significant difference in the presence
of jaundice between the groups. Histopathological
findings in patients with AIP + PC are summarized in
Tables 2 and 3.
Six patients with AIP had a history of pancreatic
disease - three had chronic pancreatitis (two with
AIP and one with AIP + PC), and three patients

WJG|www.wjgnet.com

with AIP alone had experienced an acute episode of
pancreatitis of unspecified etiology. Four patients with
AIP and none with AIP + PC had a history of other
autoimmune diseases. Two patients with AIP type 1
had an involvement of other organs (IgG4-sclerosing
cholangitis and sialadenitis) manifesting during
postsurgical follow-up. One patient with AIP type 1 had
autoimmune thyroiditis, and one patient with AIP type
2 had a history of Crohn’s disease.
In eleven patients (seven with AIP and four with
AIP + PC), a fine needle aspiration biopsy (FNAB) of
the pancreatic lesion had been performed. Cytological
examination of the aspirates from the AIP + PC
patients was true positive in three and inconclusive
in one. In those with AIP, the examination was true
negative in four patients, false-positive in two, and
inconclusive in one (Table 4).
Knowing the final histological diagnosis, we
retrospectively evaluated the medical histories, ima
ging findings, and laboratory results of patients with
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Table 4 Serum IgG4, imaging methods and fine needle aspiration biopsy results in patients with autoimmune pancreatitis and
autoimmune pancreatitis + pancreatic cancer
Sex

Age

Serum IgG4
(mg/dL)

CT

ERP

EUS

EUS-FNA

AIP type 1 + PC

M
M

67
61

N/A
N/A

A
A

N/A
Susp M

N/A
Inconclusive

AIP type 1

M

46

81.5

L2

Ambigious

Negative

M

57

81.5

A

N/A

N/A

M

49

N/A

A

48
54
63
58
60
61
64

23.1
NR
NR
NR
NR
NR
NR

L2
L2
A
A
A
L2
A

Cystic tumour;
signs of CHP
Susp M
Ambigious
Ambigious
N/A
Ambigious
Susp M
Susp MD-IPMN

Inconclusive

M
M
M
M
M
F
F
M
F
M

35
47
53

NR
NR
NR

L2
L2
A

N/A
CBD stricture; no
wirsungography
CBD stricture; no
wirsungography
CBD stricture; no
wirsungography
Unsuccesful attempt for
wirsungography
N/A
N/A
N/A
Wirsungolithiasis
N/A
N/A
Dilated PD; mucous
secretion
N/A
N/A
N/A

ambigious
ambigious
N/A

Susp M
Negative
N/A

AIP type 2 + PC

AIP type 2

Negative
Susp M
Susp M
N/A
Susp M
Susp M
Negative

L2: Level 2 evidence of parenchymal imaging according to ICDC criteria; M: Male; F: Female; NR: Not relevant; N/A: Results not available or examination
not done; A: Atypical-finding not suggestive of AIP; susp M: Findings suspected of malignancy; CHP: Chronic pancreatitis; CBD: Common bile duct; PD:
Pancreatic duct; EUS: Endoscopic ultrasonography; EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration biopsy; CT: Computed tomography;
AIP: Autoimmune pancreatitis; PC: Pancreatic cancer.

A

B

Figure 2 Imaging findings in a patient with autoimmune pancreatitis. A: Hypodense lesion in the pancreatic head on computed tomography; B: Hypoechoic
lesion of the pancreatic head on endoscopic ultrasonography.

AIP + PC to assess the possibility of preoperative
diagnosis of AIP using the current consensus criteria.
None of the patients would have met the ICDC
criteria preoperatively. Serum levels of IgG4 were not
determined in the two patients with AIP type 1, and
histology was not obtained in any of the AIP type 2
patients. Only one patient (with AIP type 2) had a CT
finding suggestive of AIP, however malignant elements
were found in the FNAB cytology. In the remaining
five patients the CT findings would not have raised
suspicion of AIP. Preoperative findings in both groups
are shown in Table 4, Figures 2 and 3.

but have very different treatments. Typically, an
older patient presents with abdominal pain and
obstructive jaundice caused by a focal pancreatic
lesion. If AIP is diagnosed, the mainstay of treatment
is immunosuppression using corticosteroids, usually
resulting in rapid regression of the expansion and
alleviation of symptoms. This therapy spares the
patient from a challenging surgical procedure
associated with high morbidity and considerable
mortality. On the other hand, if pancreatic cancer is
the cause of symptoms, the only chance for survival
is prompt surgical treatment. Such clinical cases
represent a complex diagnostic dilemma. Precise
differential diagnosis of AIP and PC is essential for
the right treatment and prognosis of patients, but
is sometimes extremely difficult, if not impossible,

DISCUSSION
AIP and PC may present with similar manifestations,
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A

B

Figure 3 Imaging findings in a patient with autoimmune pancreatitis + pancreatic cancer. A: Hypodense lesion in the pancreatic head with a common bile duct
(CBD) stent on computed tomography; B: Distal CBD stricture on endoscopic retrograde cholangio-pancreatography.

to determine. Serum markers of AIP (notably
serum IgG4) are often helpful in diagnosis of both
[12]
conditions . However, IgG4 levels exceeding twice
the upper limit of normal were found in a considerable
proportion of patients with pancreatic cancer and
thus this marker cannot be used alone to exclude
[13]
the diagnosis of malignancy . In cases where the
presence of pancreatic cancer cannot be ruled out
with certainty, pancreatic resection is indicated. The
aim of our study was to evaluate the proportion of AIP
in all patients undergoing resection for a suspected
tumor. The finding of AIP in 5% of all resections in
our patient series is in agreement with previously
published data. The occurrence of AIP in patients
resected for a suspected tumor has been shown to
[11]
be around 6%-8% . This high number reflects the
similar presentation of both diseases and the difficult
diagnostic algorithm of AIP.
The relatively high proportion of patients with type 2
AIP (60%) in our series might be explained by a higher
prevalence of this subtype in our geographic region as
well as more frequent presentation of type 2 AIP as a
[14-16]
focal pancreatic lesion
. In addition, recognition of
this subtype in the absence of a serological marker and
extrapancreatic manifestations is more challenging. It
can thus be assumed that this subtype will be found
more often in patients with unrecognized AIP, and will
not precisely match the characteristics of AIP patients in
the general population.
An intriguing finding in our study is the high
incidence of pancreatic adenocarcinoma in patients
with AIP, which reached 40%. In our opinion, this
represents the largest ever published group of patients
with co-occurrence of PC and AIP. Pancreatic cancer
in patients with AIP has so far been documented
[13,17-20]
only in individual cases
. Recently, two patients
with both AIP and PC were described in a study that
examined serum IgG4 level in 106 patients with
[13]
histologically confirmed pancreatic cancer . None of
our patients was diagnosed with AIP or had ever been
given immunosuppressive therapy before surgery. A
retrospective analysis of all available data revealed that
our AIP patients would not have met the ICDC criteria
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preoperatively. However, the diagnostic algorithm was
not complete in any of them, as they were referred
for surgery with an already established diagnosis of
suspected pancreatic cancer. Nevertheless, it needs
to be emphasized that some of our patients had been
resected many years ago before AIP was thoroughly
described and the ICDC criteria proposed.
Diagnosis of AIP accompanying PC based on
histology is a major drawback of our study. We are
aware that the nonspecific peritumoral pancreatitis
adjacent to pancreatic neoplasms might share some
histologic features with AIP type 1, i.e., by abundance
of IgG4+ plasma cells, venulitis or periductal inflam
[21]
mation . However, distribution of IgG4+ plasma cells
in nonspecific peritumoral pancreatitis was shown
to be patchy, in contrary to diffuse infiltration which
[22,23]
is described in AIP
. All cases of AIP + PC were
reviewed by a pathologist specialized in pancreatic
diseases. Only cases with diffuse distribution of IgG4+
plasma cells (density > 50/HPF) and with the presence
of all morphologic features of AIP type 1 were included in
the study. This cutoff was shown to provide an excellent
specificity in distinguishing AIP type 1 and peritumoral
[21]
pancreatitis . In AIP type 2 the granulocytic epithelial
lesions were nosognostic for the disease.
The relationship between AIP and PC is poorly
understood although several different explanations were
formulated. The first one considers AIP as a precursor
for pancreatic cancer due to chronic inflammation which
leads to harboring of mutations and, over time, to
development of cancer. Chronic pancreatitis is a wellknown risk factor of pancreatic cancer, increasing the
[24]
risk of cancer development by as much as 13.3-fold .
The cumulative risk of developing pancreatic cancer
in patients with chronic pancreatitis is estimated to
[25]
be 4% . A similar association in patients with AIP
has not yet been demonstrated. However, in line with
the case reports of pancreatic cancer in patients with
AIP mentioned above, there are data that indirectly
[26]
support this assumption. For example, Gupta et al
in a retrospective analysis of resected tissue of AIP
patients, found a higher prevalence of premalignant
lesions, i.e., pancreatic intraepithelial neoplasia (PanIN

2190

March 28, 2017|Volume 23|Issue 12|

Macinga P et al . Co-occurrence of autoimmune pancreatitis and cancer
1-2), in patients with AIP compared with patients with
otherwise nonspecified chronic pancreatitis. In addition,
they noted development of pancreatic cancer in two of
84 patients with AIP during a prospective 49-mo followup period. The high frequency of K-ras mutations found
in pancreatic tissue of patients with AIP further supports
[27]
the association of the two diseases .
Higher incidence of pancreatic cancer has scarcely
been reported in prospectively followed cohorts of
[28]
patients with AIP . However, population studies are
usually limited by a small number of patients due to
the low incidence of the disease and also by short
follow-up periods. Furthermore, prospectively followed
patients with AIP are usually adequately treated with
immunosuppression, unlike patients with unrecognized
AIP or with pancreatitis of other etiologies. In such
a scenario, one might speculate that suppression
of inflammatory activity may reduce the risk of
malignancy development in a similar way to that
[29]
seen in inflammatory bowel disease . An increased
incidence of pancreatic cancer would then be expected
in untreated patients or in those with an insufficient
response to immunosuppressive treatment. Duration
of follow-up is also an important factor. If patients
with chronic pancreatitis of other etiologies develop
pancreatic cancer, then it is usually in the interval
of one to two decades after chronic pancreatitis is
[25]
diagnosed . There are patients suffering for years
from unrecognized AIP in the absence of cardinal
symptoms such as jaundice or typical radiological
findings. Recently published data suggest that up to
one third of patients with AIP can develop signs typical
of advanced chronic pancreatitis of other etiologies
[30,31]
(e.g., parenchymal atrophy or calcifications)
.
Another consideration proposes AIP type 1 as a
paraneoplastic phenomenon. This hypothesis is based
on observation of a significantly higher incidence of
malignancy in patients with IgG4-RD within the first
[32,33]
year of follow-up compared to subsequent years
.
The explanation would be that occult cancer may
alter cell-mediated immunological responses and
thus create an inflammatory environment favorable
for onset of autoimmune disease - in this case AIP
type 1 or any other IgG4-RD. However, these initial
observations from Japanese authors were not further
[34,35]
supported by western studies
.
Despite the small number of patients in our study,
we found three major differences between patients
with AIP and AIP + PC, with one of them being
statistically significant. The significantly higher age of
patients with AIP + PC may be somewhat expected
due to the mechanism of cancer development,
presumed to be a long-term chronic inflammatory
process. It is consistent with the concept of pan
creatic cancer being a late complication of chronic
pancreatitis, much like colorectal cancer being a late
complication of ulcerative colitis. The higher proportion
of recent onset diabetes in patients with AIP + PC
compared with patients with AIP only is an interesting
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finding. Diabetes mellitus has been reported in
42%-78% of patients at the onset of AIP, however
it persisted in only 10% of the AIP patients following
[36]
corticosteroid treatment of the acute inflammation .
In our study, recent-onset diabetes was present in
only 11% patients with AIP. New onset diabetes
mellitus as a symptom of pancreatic cancer has been
[37]
documented in numerous studies . However, its
use in the differential diagnosis of cancer and chronic
pancreatitis is difficult, because diabetes is a common
complication of advanced chronic pancreatitis of nonautoimmune etiology. In our study only six patients
without PC had weight loss as opposed to all patients
with PC. Weight loss in patients with AIP and PC was
much greater than in those who had AIP without PC
(15.5 kg vs 8.5 kg, P = 0.03). Even though exocrine
pancreatic insufficiency and weight loss are not
[38]
uncommon in patients with AIP , a severe weight
loss should raise suspicion for a possible presence of
pancreatic cancer.
The possible synchronous occurrence of AIP and PC
implies major clinical consequences. Our data indicate
that distinguishing these two entities becomes even
more challenging, as the preoperative diagnosis of AIP
does not rule out pancreatic cancer. Even patients with
an established diagnosis of AIP must thus be treated
and followed with caution.
A shortcoming of our study, beyond its small size
and retrospective nature, is the fact that the selection
of patients was based on histological examination
of resected tissue. Our hospital is a tertiary center
that performs many resections as a service for
regional gastroenterology facilities. Consequently, the
opportunity to change the diagnostic algorithm, which
is often not fully completed, is sometimes limited.
Finally, the natural course of pancreatic cancer is so
unfavorable that all our patients have already died.
Consequently, they could not be revaluated.
Autoimmune pancreatitis and pancreatic cancer
may have similar presentations and their distinction
is often difficult. We evaluated all patients who
underwent pancreatic resection for a focal pancreatic
enlargement and found that a considerable proportion
of the resected patients had autoimmune pancreati
tis. Furthermore, we found that some patients with
autoimmune pancreatitis also had pancreatic cancer,
demonstrating the eventuality of synchronous pre
sence of PC in patients with proven AIP. Our results
show that those with AIP and cancer were older,
more likely to have recent-onset diabetes and had a
greater weight loss than those with AIP only. Definitive
confirmation of these initial observations will require
additional prospective studies with a larger number of
patients.
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characterized by specific clinical, laboratory, radiological and histological
findings. AIP may mimic pancreatic cancer (PC), as it often presents with
obstructive jaundice and focal pancreatic enlargement.

6

Research frontiers

Due to similar manifestation of AIP and PC, a lot of attention was given to the
differentiation of the two conditions, as the precise differential diagnosis is
essential for the right treatment and prognosis of patients. However, because
the diagnosis of AIP is complex, many AIP patients undergo unnecessary
surgery rather than immunosuppressive treatment. Chronic inflammatory
process is a well-known risk factor of malignancy, as described in chronic
pancreatitis and PC. A similar association in patients with AIP and PC has been
suggested but not demonstrated. There are only a few cases of PC in AIP
patients reported in the literature.

7

8

Innovations and breakthroughs

In the presented study, we show that a considerable proportion of patients
undergoing pancreatic resection for a cancer suspicion may have AIP. However,
we also showed that patients with AIP may have synchronous presence of
pancreatic cancer. Those with AIP and PC were older, have been more often
recently diagnosed with diabetes, and have experienced a greater weight loss
than those without PC. The presented group of patients with PC and AIP cooccurrence is, to our knowledge, the largest ever published.

9

10

Applications

The possible synchronous occurrence of AIP and PC implies major
consequences, as diagnosing AIP in a patient with focal pancreatic enlargement
may not rule out the presence of pancreatic cancer. The knowledge of
characteristics distinguishing the two groups of patients might aid in the
differential diagnosis.

11
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Terminology

Pancreatic cancer is usually an adenocarcinoma derived from pancreatic
ductal cells; autoimmune pancreatitis is a rare chronic inflammatory disease
of the pancreas defined by a combination of the following features: frequent
presentation with obstructive jaundice accompanied with diffuse or focal
organ swelling, rapid response to steroids, as well as by histological finding of
lymphoplasmacytic infiltrate and fibrosis of the pancreas. Based on laboratory
results, clinical profiling and histology, it is classified into type 1 and type 2.

13
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Peer-review

“Simultaneous occurrence of autoimmune pancreatitis and pancreatic cancer in
patients resected for focal pancreatic mass” is an interesting paper.
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Abstract
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AIM
To observe the natural course of 1-3 cm gastric
submucosal tumors originating from the muscularis
propria (SMTMPs).

Institutional review board statement: The study was reviewed
and approved by Chang Gung Memorial Hospital Institutional
Review Board.

METHODS
By reviewing the computerized medical records over a
period of 14 years (2000-2013), patients with 1-3 cm
gastric SMTMPs who underwent at least two endoscopic
ultrasound (EUS) examinations were enrolled. Tumor
progression was defined as a ≥ 1.2 times enlargement
in tumor diameter observed during EUS surveillance. All
patients were divided into stationary and progressive
subgroups and further analyzed. We also reviewed the
patients in the progressive subgroup again in 2016.

Informed consent statement: The data collection in this study
is based on reviewing the computerized medical charts.
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RESULTS
A total of 88 patients were studied, including 25 in
the progressive subgroup. The mean time of EUS
surveillance was 24.6 mo in the stationary subgroup
and 30.7 mo in the progressive subgroup. Risk factors
for tumor progression included larger tumor size and
irregular border. Initial tumor size > 14.0 mm may
be considered a cut-off size for predicting tumor
progression. Seventeen patients underwent surgery, of
whom 13 had gastrointestinal stromal tumors (GISTs)
and 4 had leiomyomas. Tumor progression was found
only in patients with GISTs. All of the tumors exhibited
benign behaviors without metastasis until 2016.

Manuscript source: Unsolicited manuscript
Correspondence to: Yi-Chun Chiu, MD, Division of HepatoGastroenterology, Department of Internal Medicine, Kaohsiung
Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, 123 Ta-Pei Road, Niao-Song District,
Kaohsiung 833, Taiwan. chiuku@ms14.hinet.net
Telephone: +886-7-7317123
Fax: +886-7-7322402

CONCLUSION
Most 1-3 cm gastric SMTMPs (71.6%) are indolent.
Tumor progression was found only in GISTs, and
it is a good predictor for differentiating GISTs from
leiomyomas. Predictors of tumor progression include
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[16]

resection . As for GISTs < 1 cm, they are frequently
considered to harbor a low risk of malignancy and
[17]
tissue acquisition in these cases is controversial .
Notably, GISTs in the stomach are often indolent and
rapid progression is uncommon. It should be considered
whether all the myogenic submucosal tumors in the
stomach are necessary for pathologic demonstration to
differentiate GISTs from leiomyomas, especially in 1-3
cm tumors. Until now, associated discussions regarding
the natural course and management of 1-3 cm gastric
SMTMPs are limited. Here, we reviewed computerized
medical records over a period of 14 years from our
institution to study the natural behaviors of such tumors.

larger tumor size (> 14.0 mm) and irregular border.
Key words: Gastrointestinal stromal tumor; Submucosal
tumors originating from the muscularis propria; Stomach;
Endosonographic surveillance
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most gastric submucosal tumors originating
from muscularis proprias (SMTMPs) are gastrointestinal
stromal tumors (GISTs) or leiomyomas. GISTs have a
malignant potential but leiomyomas are benign. We
enrolled patients with 1-3 cm gastric SMTMPs and
under endoscopic ultrasound surveillance over a period
of 14 years between 2000 and 2013 to observe the
natural behaviors of such tumors. We also reviewed the
patients with progressive tumors again in 2016.

MATERIALS AND METHODS
Patient selection

All the patients who underwent at least two EUS
examinations to follow gastric SMTMP during a period
of 14 years between January 2000 and December 2013
were retrospectively reviewed using the computerized
medical record system of Kaohsiung Chang Gung
Memorial Hospital, a tertiary medical center in Kaohsiung
City in Taiwan.

Hu ML, Wu KL, Changchien CS, Chuah SK, Chiu YC.
Endosonographic surveillance of 1-3 cm gastric submucosal
tumors originating from muscularis propria. World J
Gastroenterol 2017; 23(12): 2194-2200 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i12/2194.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i12.2194

EUS modality and examination

In all patients, EUS was performed using a miniprobe
with a 12 MHz radial scan (Olympus UM-2R, Tokyo,
Japan). When EUS showed a myogenic tumor with
hypoechoic echotexture originating from the muscularis
propria in the stomach, it was regarded as a gastric
GIST first or leiomyoma. We used the maximal tumor
diameter as tumor size. The intervals of EUS follow-up
were not defined, mainly depending upon the clinician’s
discretion.

INTRODUCTION
Due to advances in endoscopy and its widespread
use, detection of submucosal tumors (SMTs) of
the gastrointestinal (GI) tract is not uncommon. In
the evaluation of SMTs of the GI tract, endoscopic
ultrasound (EUS) is a useful tool for identifying the
tumor’s layer of origin, measuring its size, providing the
details of tumor echotexture, and differentiating it from
[1]
external compression . Among SMTs in the stomach,
gastrointestinal stromal tumors (GISTs) are the most
[2]
common . When EUS reveals a hypoechoic submucosal
tumor originating from the muscularis propria (SMTMP)
in the stomach, GIST is considered first followed by
[3-9]
leiomyoma . Because all GISTs have a malignant
potential and leiomyomas have a benign nature, tissue
acquisition is often recommended for such tumors. At
present, EUS-guided fine needle aspiration (EUS-FNA) is
a feasible method. However, the diagnostic rate may be
limited when the tumor is smaller or the tumor location
[10-12]
is difficult to approach
.
Based on the National Institute of Health Consensus,
tumor size and mitotic activity are the two most
important factors for predicting malignant potential of
[13]
a GIST . Obviously, tissue obtained by EUS-FNA can
demonstrate GISTs only but cannot provide further
information regarding mitotic activity. EUS features
suggestive of a malignant GIST include larger tumor
size, heterogeneous hypoechotexure, irregular tumor
[8,14,15]
border, and internal cystic or calcified changes
. At
present, a GIST > 3 cm is considered to have higher
malignant potential and is recommended for surgical
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Inclusion and exclusion criteria

If the tumor size exceeded 3 cm, we recommended
FNA or surgical resection. When a tumor was < 1 cm,
we considered it to be benign. Therefore, we excluded
the patients with an initial tumor size larger than 3 cm
or persistently smaller than 1 cm. We also excluded
the patients who underwent EUS only once without
subsequent follow-up. We also enrolled the patients
whose small tumors subsequently grew to 1 cm or
more during surveillance. Therefore, only the patients
with 1-3 cm myogenic tumors under EUS surveillance
were enrolled in this study.

Pathological classification to predict malignant potential
of GISTs
If a patient underwent surgery to remove a GIST, the
pathology of GIST was classified into “very low risk”,
“low risk”, “intermediate risk”, or “high risk” using
tumor size and mitotic count based on the National
[13]
Institute of Health consensus .

Data collection and analysis

We defined a ratio of follow-up tumor size to initial
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Figure 2 Receiver operating characteristic curve analysis of tumor size
for predicting potential tumor progression. Initial tumor size of 1.4 cm was
determined as the optimal cut-off size, with a sensitivity of 68.0%, a specificity
of 66.7%, and an accuracy of 67.0%.

GIST
(n = 13)

30

EUS procedure sessions

Figure 1 Flow chart of management of 88 indicated patients with submucosal
tumors originating from the muscularis propria in the stomach. EUS:
Endoscopic ultrasound; GIST: Gastrointestinal stromal tumor.

tumor size ≥ 1.2 as tumor progression based on the
[18]
Response Evaluation Criteria in Solid Tumor (RECIST) .
Patients were then divided into a progressive subgroup
and a stationary subgroup. Baseline characteristics of
each subgroup, initial tumor size, echotexture, border
and location of myogenic tumors, the number of
surveillance procedures, and the interval and duration
of EUS were recorded and further analyzed.

25
20

20

22

24

15
10

7

5
0

0-3 mo

3-6 mo
6-12 mo
EUS follow-up interval

> 12 mo

Figure 3 Intervals of endoscopic ultrasound follow-up in 25 patients
with 1-3 cm gastric submucosal tumors originating from the muscularis
propria in tumor progression. EUS: Endoscopic ultrasound.

Second review for patients with progressive tumors

We followed the patients in the progressive subgroup
again in 2016 by medical record review and phone call
contact.

Both the duration and interval of EUS surveillance
ranged from 1.1 mo to 144.9 mo. The number of
EUS surveillance procedures ranged from 2 to 9. Of
the 88 patients, 25 (28.4%) were in the progressive
subgroup and 63 (71.6%) in the stationary subgroup
(Figure 1). The basic characteristics and EUS findings
in each subgroup are shown in Table 1. By comparing
the progressive and stationary subgroups, initially
larger tumor size and irregular tumor border were
identified to be predictors of tumor progression.
Regarding initial tumor size, we performed an ROC
curve analysis to determine the optimal cut-off
size for predicting potential tumor progression. We
found 1.4 cm to be the optimal cut-off tumor size
associated with tumor progression, with a sensitivity
of 68.0%, a specificity of 66.7%, and an accuracy of
67.0 % (Figure 2). The interval of EUS surveillance in
the progressive subgroup is shown in Figure 3. The
interval of most EUS examinations was ≥ 3 mo (66/73
= 90.4%). A total of 17 patients underwent surgery.
Of these, 13 patients from the progressive subgroup
were confirmed to have GISTs and 4 patients from

Statistical analysis

Continuous variables were analyzed using the Mann
Whitney U test and categorical variables analyzed
2
using the Pearson χ test. The sensitivity and specificity
of various tumor sizes were analyzed using a receiver
operating characteristic (ROC) curve, and the optimal
cutoff value was determined. All statistical analyses
were performed using SPSS statistical software (SPSS
for Windows, version 13; SPSS Inc., IL). A P-value <
0.05 was considered statistically significant.

RESULTS
During the 14 years between 2000 and 2013, 6755
EUS procedures were performed by four endosono
graphers. Of these, 1725 EUS results were associated
with gastric SMTMPs. Based on the inclusion and
exclusion criteria, 88 patients (44 males and 44
females) were identified and enrolled in the study.
The initial patient age was 57.1 ± 11.0 years (mean
± SD) and the initial tumor size was 14.7 ± 4.9 mm.
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Progressive subgroup
(n = 25)
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Observation
(n = 12)
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2000-2013
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No recurrence
(n = 12)
Loss of follow up
(n = 1)

Follow up
(n = 7)
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(n = 2)

Loss of follow up
(n = 3) including
too old (n = 2),
fail to contact
(n = 1)

Stationary
(n = 7)

nd

2 review in
2016

Figure 4 Flow chart of patients in the progressive subgroup. These patients were reviewed twice; the first was based on medical records in 2013 and the second
was performed by phone calls as well as based on medical records in 2016.

patient was found to have malignant transformation or
distant metastasis during surveillance. Notably, tumor
progression (tumor enlargement ≥ 1.2 times) was
only shown in the cases with GISTs. Among another
12 patients in the progressive subgroup, we followed
them until 2016. Two patients eventually underwent
surgery due to gradually enlarged tumors and were
confirmed to have GISTs with a low malignant
potential. Two patients refused EUS surveillance due to
old age (> 80 years). Seven patients who took regular
follow-ups remained condition stable without tumor
metastasis. One patient was lost to follow-up. The flow
chart of these 12 patients in the progressive subgroup
is shown in Figure 4.

Table 1 Basic characteristics and endoscopic ultrasound
findings in 88 patients with suspected gastrointestinal stromal
tumors in the stomach
Basic characteristic or EUS
finding
Age (mean ± SD, yr)
Sex (M/F)
Location
Cardia
Fundus
Body
Antrum
EUS tumor size and
echotexture
Initial tumor size
(mean ± SD, mm)
Homogeneous/
heterogeneous
hypoechoicity
Smooth/irregular tumor
border
With/without internal cystic
change or calcification
EUS surveillance
Surveillance duration
(mean ± SD, mo)

Stationary
group n = 63

Progressive P value
group n = 25

57.4 ± 10.6
35/28

56.4 ± 12.4
9/16

0.690
0.100
0.650

16
16
24
7

5
8
11
1

13.9 ± 4.5

16.6 ± 5.5

0.020

44/19

12/13

0.060

DISCUSSION
56/7

15/10

0.002

8/55

4/21

0.680

24.6 ± 20.3

30.7 ± 21.7

0.220

GISTs are the most common mesenchymal tumors in
the GI tract. Pathologically, most GISTs are composed
of spindle cells and epithelioid cells which are de
[19-21]
rived from interstitial cells of Cajal
. Most GISTs
(approximately 65%) occur in the stomach, followed
by 30%-35% in the small intestine and 5%-10%
in the colon. About 95% of GISTs are characterized
by the positive expression of c-kit receptor tyrosine
kinase (CD117), whereas approximately 60%-70%
[22-24]
of the tumors are positive for CD34
. Most gastric
GISTs are asymptomatic and are detected incidentally
as submucosal tumors during endoscopy. Therefore,
the real incidence of GISTs in the stomach remains
unclear. EUS is the most common modality for the
evaluation of submucosal tumors. A suspected GIST is
a hypoechoic and myogenic tumor originating mostly
from the muscularis propria and occasionally from
the muscularis mucosae. Similar to GISTs in terms of

EUS: Endoscopic ultrasound.

the stationary subgroup were confirmed to have
leiomyomas. Basic characteristics and EUS findings
for patients with confirmed GISTs and leiomyomas
are shown in Tables 2-4. CD117 was positive in all
13 patients with confirmed GISTs (100%), whereas
CD34 was positive in 11 (84.6%). Pathology results
for confirmed cases suggested 4 GISTs with a very low
malignant potential, 6 with a low potential, 2 with an
intermediate potential, and 1 with a high potential. No
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Table 2 Basic characteristics and endoscopic ultrasound findings in13 patients with confirmed gastrointestinal stromal tumors in the
stomach
Case

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

Age (yr)/
sex

Location

41/F
67/F
50/F
70/M
57/F
46/M
55/F
69/F
49/M
61/F
54/M
59/F
60/F

Body
Fundus
Cardia
Body
Cardia
Fundus
Antrum
Body
Body
Fundus
Body
Body
Fundus

Heterogeneous Irregular Internal cystic
hypoechoic
border
change or
echotexture
calcification
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Initial size
(I , mm)

+
-

Final size
Tumor
Surveillance Surveillance
(F , mm) progression procedures
duration
(F/I ≥ 1.2)
(mo)

15
15
16
15
28
30
18
21
24
24
21
18
30

23
23
20
20
50
35
23
28
30
33
28
23
51

+
+
+
+
+
+
+
+
+
+
+
+
+

4
5
4
8
3
2
2
2
3
6
5
2
2

82.1
66.5
22.8
37.9
19.3
3.4
63.0
3.7
47.9
41.9
32.1
5.5
31.3

Malignant
potential
Very low
Very low
Very low
Very low
Low
Low
Low
Low
Low
Low
Intermediate
Intermediate
High

Table 3 Basic characteristics and endoscopic ultrasound findings in 4 patients with confirmed leiomyomas in the stomach
Case

1
2
3
4

Age (yr)/
sex

Location

Heterogeneous
hypoechoic
echotexture

Irregular
border

Internal cystic
change or
calcification

Initial size
(I , mm)

Final size
(F , mm)

Tumor
progression
(F/I ≥ 1.2)

Surveillance
procedures

Surveillance
duration
(mo)

69/F
52/M
64/F
50/M

Body
Fundus
Antrum
Cardia

+
+

+

+

10
10
13
18

10
9
13
20

-

2
2
3
2

3.5
3.7
21.3
3.0

Table 4 Comparison of basic characteristics and endoscopic ultrasound findings between patients with gastrointestinal stromal
tumors and leiomyomas by the Mann -Whitney U test
Basic characteristic or EUS finding

GIST n = 13

Leiomyoma n = 4

57 (41-70)
4/9

58 (50-69)
2/2

2
4
6
1

1
1
1
1

21
28
4/9
5/8
1/12

11.5
11.5
2/2
0/4
0/4

31.3 (3.1-81.0)
3 (2-8)
13

3.6 (3.0-21.4)
2 (2-3)
0

Age (median, range, yr)
Sex (M/F)
Location
Cardia
Fundus
Body
Antrum
EUS tumor size and echotexture
Initial tumor size (median, mm)
Final tumor size (median, mm )
Homogeneous/heterogeneous hypoechoicity
Smooth/ irregular tumor border
With/without internal cystic change or calcification
EUS surveillance
Surveillance duration (median, range, mo)
Surveillance procedure (median, range, times)
Tumor progression

P value
0.785
0.482
0.868

0.015
0.003
0.482
0.682
0.567
0.023
0.163
< 0.001

GISTs: Gastrointestinal stromal tumors; EUS: Endoscopic ultrasound.

EUS findings, leiomyomas are also tumors of muscular
origin. Unlike GISTs, leiomyomas are negative for
CD117 and CD34, but positive for smooth muscle actin
(SMA) and desmin on immunohistochemical staining.
Moreover, leiomyomas are completely benign.
Recent studies have demonstrated that all GISTs
have a malignant potential. Therefore, suspected
GISTs should be confirmed histologically and managed
accordingly. However, GISTs often behave differently

WJG|www.wjgnet.com

at different locations. A GIST in the stomach is often
more indolent than a GIST with a similar size and
[25]
mitotic count located in another GI tract site .
Therefore, EUS surveillance alone is feasible for a small
suspected GIST in the stomach that does not require
[2,26]
immediate tissue proof or resection
.
Most GISTs < 1 cm harbor a very low malignant
potential, while GISTs ≥ 3 cm with irregular tumor
borders, heterogeneous hypoechogenicity, and internal
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cystic or calcified changes suggest a higher malignant
potential. All leiomyomas are benign. Therefore,
we were interested in the natural course of 1-3 cm
SMTMPs in the stomach. To evaluate tumor growth,
we calculated the ratio of follow-up tumor size to
initial tumor size on EUS and defined the ratio of ≥
1.20 as tumor progression based on RECIST. Among
88 patients with 1-3 cm gastric myogenic tumors,
we found that most tumors were indolent and tumor
progression was detected in 25 (28.4%) patients. No
patients suffered from major complications such as
tumor bleeding, obstruction, perforation or malignant
transformation during surveillance. A total of 19 (17 +
2) patients underwent surgery. Of these, 15 patients
had GISTs and 4 patients had leiomyomas. Notably,
tumor progression (tumor enlargement ≥ 1.2 times)
was found only in GISTs but not in leiomyomas.
Therefore, tumor progression may be a good predictor
for differentiating GISTs from leiomyomas. Moreover,
we found that larger tumors with irregular margins
showed a tendency toward progressive change and
should be monitored more closely. From the ROC
curve analysis, we found 1.4 cm to be the optimal
cut-off tumor size associated with tumor progression.
The same 1.4 cm cut-off size was reported by Fang
[27]
et al
in their study, which is similar to that reported
[28]
by Lachter et al
who found tumor size larger than
1.7cm to be indicative of tumor progression. Tumors
with heterogeneous hypoechotexture showed no
statistical significance for predicting tumor progression
(P = 0.06) in our study, but the finding is limited by
our small number of cases and requires clarification in
a larger study. Regarding the appropriate interval of
EUS surveillance, it is difficult to conclude how often
a suspected gastric GIST should be followed since
malignant GISTs were not detected during surveillance
in our study. Although an evidences-based optimal
EUS surveillance policy remains lacking for small
GISTs, yearly EUS follow-up for small sized GISTs (< 3
cm) should be considered from a study of Prachayakul
[26]
et al in 2012. At present, a guideline from European
society of medical oncology recommended that an
interval of 3 mo in the first follow-up and then annual
EUS surveillance may be optimal for small suspected
[29]
GISTs if no tumor growth occurs during surveillance .
In this review of 1725 EUS surveillances for gastric
submucosal tumors from the 14 years of medical
records, we found that most 1-3 cm SMTMPs in the
stomach were indolent with only 28.4% of patients
experiencing tumor progression (tumor enlargement ≥
1.2 times). EUS surveillance is optimal for small gastric
myogenic submucosal tumors without immediately
obtaining tissue. Tumor progression is a good predictor
for differentiating GISTs from leiomyomas. Risk
factors for tumor progression include larger tumor
and irregular borders. Initial tumor size > 14.0 mm
may be considered a cut-off size for predicting tumor
progression.
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Background

Most gastric submucosal tumors originating from muscularis propria (SMTMPs)
are gastrointestinal stromal tumors (GISTs) and leiomyomas. Leiomyoma is
benign but GIST has a malignant potential. Surgery is recommended if GISTs
larger than 3 cm. Endoscopic ultrasound (EUS) fine needle aspiration is helpful
to differentiate between GISTs and leiomyomas, but sometimes it is difficult to
obtain tissue and cannot provide mitotic activity of GISTs.

Research frontiers

Because studies regarding the natural behaviors of 1-3 cm gastric SMTMPs are
limited, the authors made a retrospective study by reviewing the past 14 years
of computerized medical records in a tertiary medical center between 2000 and
2013.

Innovations and breakthroughs

Most gastric SMTMPs are indolent from our study. Risk factors for tumor
progression include larger tumor size and irregular border.

Applications

Initial tumor size > 14.0 mm may be considered a cut-off size for predicting
tumor progression. Therefore, a gastric SMTMP with irregular border or ≥ 14.0
mm in size should be observed closely and treated accordingly.

Terminology

GISTs are the common submucosal tumors arising from the muscularis propria
in the stomach and have a malignant potential though the behavior of most
tumors is indolent. EUS is a useful tool to detect submucosal tumors of the
gastrointestinal tract.

Peer-review

This study provides important information (long term surveillance, EUS
surveillance interval, a cut-off value of tumor size of > 14.0 mm) in the
management of gastric small SMTMPs.
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Abstract

Institutional review board statement: The study was approved
by the Institutional Review Board (IRB 10409-E04) at Chi Mei
Medical Center.

AIM
To assessed the effect of liver cirrhosis (LC) on the
poorly understood long-term mortality risk after firstever mechanical ventilation (1-MV) for acute respiratory
failure.

Informed consent statement: Because the data used in this
study have been deidentified and released to the public for
research purposes, the need for informed consent from enrolled
patients was waived by the Institutional Review Board at Chi
Mei Medical Center.

Data sharing statement: The original anonymous dataset
is available on request from the corresponding author at
chencm3383@yahoo.com.tw.

METHODS
All patients in Taiwan given a 1-MV between 1997 and
2013 were identified in Taiwan’s Longitudinal Health
Insurance Database 2000. Each patient with LC was
individually matched, using a propensity-score method,
to two patients without LC. The primary outcome was
death after a 1-MV.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external

RESULTS
A total of 16653 patients were enrolled: 5551 LC-positive
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[Pos]

drome, can develop in patients with decompensated
LC. Because acute organ failure occurs in cirrhotic
patients, they might require admission to an Intensive
[6-12]
Care Unit (ICU). Several studies
have investigated
the outcome of patients with LC in the ICU; three found
that the mortality rate of this group ranged from 36%
[6,7,11]
[9,13,14]
to 86%
. Other studies
reported that organ
failures in critical cirrhotic patients were associated with
[9]
poor outcomes. One recent study said that using
mechanical ventilation (MV) when admitting a patient
with advanced cirrhosis was an independent risk factor
of mortality. In fact, acute respiratory failure that
requires invasive MV is one of the most common clinical
[12]
causes of ICU admission. However, only one study
has assessed the prognosis of critical cirrhotic patients
who require MV. Moreover, no study has specifically
analyzed the effect of LC on the outcome of patients
who require MV. Therefore, we investigated the longterm outcomes of patients with LC who underwent their
first-ever MV (1-MV).
In addition to viral hepatitis- and alcohol-related
LC, cryptogenic cirrhosis, which is defined as LC
that cannot be explained by conventional clinical,
[15,16]
laboratory, or histological findings
, is becoming
[17-19]
increasingly prevalent in Asia
. The clinical
manifestations and outcomes of LC and cryptogenic
[20]
LC are different . Thus, we also investigated whether
the effects of non-cryptogenic LC and cryptogenic LC
on the patients requiring 1-MV are different.

(LC ) patients, including 1732 with cryptogenic LCs
[Neg]
[Pos]
and 11102 LC-negative (LC ) controls. LC
patients
had more organ failures and were more likely to be
[Neg]
admitted to medical department than were LC
[Pos]
controls. LC
patients had a significantly lower survival
rate (AHR = 1.38, 95%CI: 1.32-1.44). Moreover, the
mortality risk was significantly higher for patients with
non-cryptogenic LC than for patients with cryptogenic
LC (AHR = 1.43, 95%CI: 1.32-1.54) and patients
without LC (AHR = 1.56, 95%CI: 1.32-1.54). However,
there was no significant difference between patients
with cryptogenic and without LC (HR = 1.05, 95%CI:
0.98-1.12).
CONCLUSION
LC, especially non-cryptogenic LC, significantly increases
the risk of death after a 1-MV.
Key words: Liver cirrhosis; Mechanical ventilation;
Outcome
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver cirrhosis, especially non-cryptogenic liver
cirrhosis, significantly increases the risk of death after
acute respiratory failure.
Lai CC, Ho CH, Cheng KC, Chao CM, Chen CM, Chou
W. Effect of liver cirrhosis on long-term outcomes after
acute respiratory failure: A population-based study. World J
Gastroenterol 2017; 23(12): 2201-2208 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i12/2201.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i12.2201

MATERIALS AND METHODS
Data source

This study used Taiwan’s National Health Insurance
Research Database (NHIRD). Taiwan’s NHI is a singlepayer compulsory system that enrolls more than 23
million of the country’s legal residents; more than
99.7% of the population is covered. The NHIRD uses
the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnostic
and procedure codes to provide detailed healthcare
services information on the clinical visits for each
insured beneficiary. We used the Longitudinal Health
Insurance Database 2000 (LHID2000) which contains
1 million subjects who randomly selected NHI
beneficiaries (about 4.34% of the total population)
from the year 2000 Registry of Beneficiaries of
the NHIR. The LHID2000 are representative of the
demographic distribution of Taiwanese population and
provides data on outpatient and inpatient medical
care, diagnoses, surgical procedures, and prescribed
medications on a longitudinal cohort from 1996 to
2013. The study was approved by the Institutional
Review Board (IRB 10409-E04) at Chi Mei Medical
Center. Because the data used in this study have been
deidentified and released to the public for research
purposes, the need for informed consent from enrolled
patients was waived.

INTRODUCTION
The burden of liver cirrhosis (LC) is increasing world
wide because of increases in alcohol abuse and in
[1,2]
hepatitis B and C virus infections . In France, the
prevalence of LC was estimated to be 0.3%, and
in the United Kingdom and Sweden, the annual
[3]
incidence was 14.55-15.3 per 100000 population .
Furthermore, its associated morbidity and mortality
are also gradually increasing. LC has become the 14th
most common cause of death in adults worldwide: it
[4]
caused 1.03 million deaths per year . In Europe, LC
is the fourth most common cause of death: 170000
[3]
deaths per year . Chronic liver disease and cirrhosis
is the ninth most common cause of death in Taiwan
and, the overall incidence rate of death was 30.2 per
100000 per-years (42526 deaths per 140814448
person-years) from chronic liver disease and cirrhosis
[5]
between 2000 and 2011 .
Several major complications, such as variceal
bleeding, ascites, spontaneous bacterial peritonitis,
hepatorenal syndrome, and hepatopulmonary syn

WJG|www.wjgnet.com

2202

March 28, 2017|Volume 23|Issue 12|

Lai CC et al . Liver cirrhosis and acute respiratory failure

LHID2000 database
(n = 1000000)

January 1, 1997 to December 31, 2013
Patients who had liver cirrhosis
with first MV in ICU

1:2 propensity score matching with age, gender and comorbidities

Sample of patients without LC
(n = 11102)

Patients with LC
(n = 5551)

Cryptogenic LC
(n = 1732)

Non-cryptogenic LC
(n = 3819)

The risk of mortality was
compared among groups

Figure 1 Algorithm of patient enrollment.

Patient selection and definition

[21]

(CHF) . In addition, we recorded other liver diseases:
hepatitis B virus (HBV) (ICD-9-CM codes 070.2,
070.3, and V02.61), hepatitis C virus (HCV) (070.41,
070.44, 070.51, 070.54, V02.62, and 070.7), and
cryptogenic LC, which was defined as LC without a
history of HBV, HCV, alcohol drinking, autoimmune
disease, hemachromatosis, Wilson’s disease, and
alpha-1 antitrypsin deficiency. All of the cryptogenic
LC patients had received prior examinations of
abdominal echography, and associated laboratory
examinations, such as hepatitis B and hepatitis C
markers, autoimmune tests. The characteristics of the
[Pos]
[Neg]
two groups (LC
and LC
) were balanced after the
propensity score matching.

We enrolled all inpatients with a 1-MV for acute
respiratory failure (ARF) during their first hospita
lization between 1997 and 2013 (n = 58383).
[21]
Based on a recent study that used the LHID2000 ,
[Pos]
our inclusion criteria for patients with LC (LC
)
(ICD-9-CM codes 571.2, 571.5, and 571.6) were
three outpatient visits in one year in which LC was
diagnosed, or one inpatient admission for LC. Patients
who were diagnosed with LC after a 1-MV were
[Pos]
excluded (n = 1013). Each enrolled LC
patient
(n = 5551, including 1732 with cryptogenic LC) was
then, using propensity score matching, individually
[Neg]
matched to two controls without LC (LC
) (Figure
1). The propensity score, i.e., the probability of
having LC, was estimated using a logistic regression
model conditional on the covariates of age at times of
1-MV, gender, and individual comorbidities: diabetes
mellitus (DM), hypertension (HTN), coronary artery
disease (CAD), chronic obstructive pulmonary disease
(COPD), cancer, stroke, and congestive heart failure

WJG|www.wjgnet.com
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The primary endpoint of the study was mortality after
1-MV. Patients were followed from the index admission
date until death or the end of 2013. The secondary aim
was to identify the risk factors for all-cause mortality
after a 1-MV. We hypothesized that mortality is higher
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Table 1 Demographic information of LC
patients n (%)
[Pos]

Variables

[Pos]

[Neg]

and LC

LC
LC
patients
patients
(n = 5551) (n = 11102)

Gender
Male
Female
Age group (yr)
< 50
50-64
65-79
≥ 80
Department
Surgical
Medical
Number of organ failures
0
1
≥2
Comorbidity
DM
HTN
CAD
ESRD
COPD
Cancer
Stroke
CHF
HBV
HCV
Cryptogenic LC[Pos]

[Neg]

Table 2 Adjusted hazard ratios for mortality in patients after
st
their 1 -ever mechanical ventilation n (%)

P value

0.99
3655 (65.84)
1896 (34.16)

7311 (65.85)
3791 (34.15)
0.59

1259 (22.68)
1441 (25.96)
1914 (34.48)
937 (16.88)

2417 (21.77)
2899 (26.11)
3902 (35.15)
1884 (16.97)

542 (9.76)
5009 (90.24)

1684 (15.17)
9418 (84.83)

3404 (61.32)
1791 (32.26)
356 (6.41)

8433 (75.96)
2415 (21.75)
254 (2.29)

2048 (36.89)
2454 (44.21)
1077 (19.40)
627 (11.30)
1133 (20.41)
1362 (24.54)
980 (17.65)
784 (14.12)
14 (0.25)
21 (0.38)
1732 (31.20)

4082 (36.77)
4895 (44.09)
2144 (19.31)
1287 (11.59)
2277 (20.51)
2739 (24.67)
1944 (17.51)
1547 (13.93)
28 (0.25)
35 (0.32)

< 0.01a

< 0.01a

0.87
0.89
0.89
0.57
0.88
0.85
0.82
0.74
1.00
0.51

a

P < 0.05. LC[Pos]: Liver cirrhosis-positive; LC[Neg]: Liver Cirrhosis-negative;
DM: Diabetes mellitus; HTN: Hypertension; CAD: Cardiovascular disease;
ESRD: End-stage renal disease; COPD: Chronic obstructive airway disease;
CHF: Congestive heart failure; HBV: Hepatitis B virus; HCV: Hepatitis C
virus.
[Pos]

[Neg]

LC
LC
Adjusted hazard
patients
patients
ratio
(n = 5551) (n = 11102)
(95%CI)

Overall
Age (yr)
< 50
50-64
65-79
≥ 80
Gender
Male
Female
Department
Surgical
Medical
Number of organ failures
0
1
≥2
Comorbidity
DM
HTN
CAD
ESRD
COPD
Cancer
Stroke
CHF
HBV
HCV

3747 (67.50)

5902 (53.16)

1.38 (1.32-1.44)a

763 (13.75)
911 (16.41)
1368 (24.64)
705 (12.70)

744 (6.70)
1369 (12.33)
2458 (22.14)
1331 (11.99)

1.96 (1.76-2.18)a
1.40 (1.29-1.53)a
1.24 (1.16-1.32)a
1.41 (1.04-1.25)a

2464 (44.39)
1283 (23.11)

3770 (33.96)
2132 (19.20)

1.42 (1.35-1.49)a
1.30 (1.21-1.39)a

255 (4.59)
3492 (62.91)

595 (5.36)
5307 (47.80)

1.32 (1.14-1.54)a
1.37 (1.31-1.43)a

2074 (37.36)
1379 (24.84)
294 (5.30)

4015 (36.16)
1691 (15.23)
196 (1.77)

1.40 (1.33-1.47)a
1.26 (1.17-1.35)a
1.16 (0.96-1.41)

1374 (24.75)
1583 (28.52)
716 (12.90)
488 (8.79)
789 (14.21)
972 (17.51)
680 (12.25)
563 (10.14)
7 (0.13)
11 (0.20)

2432 (21.91)
2851 (25.68)
1276 (11.49)
920 (8.29)
1459 (13.14)
1668 (15.02)
1261 (11.36)
1002 (9.03)
12 (0.11)
20 (0.18)

1.19 (1.12-1.28)a
1.15 (1.08-1.22)a
1.17 (1.07-1.28)a
1.19 (1.06-1.33)a
1.15 (1.05-1.26)a
1.31 (1.21-1.42)a
1.16 (1.06-1.28)a
1.21 (1.09-1.34)a
0.54 (0.11-2.57)
0.43 (0.14-1.28)

The model was adjusted for age, gender, length of hospital stay, length
of 1st mechanical ventilation, length of intensive care unit stay, treatment
department, number of organ failures, and the listed comorbidities. aP <
0.05. LC[Pos]: Liver cirrhosis-positive; LC[Neg]: Liver cirrhosis-negative; DM:
Diabetes mellitus; HTN: Hypertension; CAD: Cardiovascular disease;
ESRD: End-stage renal disease; COPD: Chronic obstructive pulmonary
disease; CHF: Congestive heart failure; HBV: Hepatitis B virus; HCV:
Hepatitis C virus.

[Neg]

in LC
patients than in LC
patients who require
MV. The demographic and clinical characteristics of
age, gender, department to which admitted, number
of organ failures, and comorbidities were used to
estimate the mortality risk.

RESULTS
[Pos]

We enrolled 16653 patients: 5551 LC
patients and
[Neg]
[Pos]
11102 LC
controls (Table 1). LC
patients had
more organ failures, were more likely to be admitted
to a medical department, and had a higher mortality
[Neg]
rate than did LC
controls.
[Pos]
Overall, LC
patients had a higher risk of death
[Neg]
than did LC
patients (adjusted hazard ratio (AHR)
= 1.38; 95%CI: 1.32-1.44). The AHR was higher
(1.96; 95%CI: 1.76-2.18) for patients < 50 years old
than for patients in other age groups. In addition, both
men and women admitted by medical and surgical
departments, patients with ≤ 1 organ failure, and
patients with comorbid DM, HTN, CAD, ESRD, COPD,
cancer, stroke, or CHF had significantly (P < 0.05)
higher AHRs (Table 2). In contrast, there were no
significant differences for patients with ≥ two organ
failures, HBV, or HCV.
Kaplan-Meier survival curves showed that
mortality in patients with non-cryptogenic LC after

Statistical analysis

Differences in baseline characteristics between
2
groups were evaluated using Pearson’s χ test for
categorical variables. The actuarial survival rate of the
two groups was determined using the Kaplan-Meier
method, and a log-rank test was used to compare
the difference between the two survival curves. The
effect of LC on the mortality risk after 1-MV was
assessed using a Cox proportional hazards regression
model. Covariates included in the Cox model were
age, gender, department to which admitted, number
of organ failures, and comorbidities. The proportional
hazards assumption was verified using plots of natural
log transformed (ln) (survival function) vs ln (time).
Significance was set at P < 0.05. SAS 9.4 for Windows
(SAS Institute, Cary, NC, United States) was used for
all analyses.
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1.00

LC
Overall
Patients with LC only
Males only
Overall
Patients with LC only
Females only
Overall
Patients with LC only
Age group: < 50
Overall
Patients with LC only
Age group: 50-64
Overall
Patients with LC only
Age group: 65-79
Overall
Patients with LC only
Age group: ≥ 80
Overall
Patients with LC only

[Neg]

Cryptogenic
[Pos]
LC

Non-cryptogenic
[pos]
LC

1.05 (0.98-1.12)
1.00 (ref.)

1.56 (1.49-1.63)a
1.43 (1.32-1.54)a

1.06 (0.97-1.16)
1.00 (ref.)

a

1.58 (1.49-1.67)
1.40 (1.27-1.55)a

1.00 (ref.)

1.02 (0.92-1.13)
1.00 (ref.)

1.52 (1.40-1.64)a
1.48 (1.31-1.67)a

1.00 (ref.)

1.31 (1.07-1.60)a
1.00 (ref.)

2.17 (1.94-2.43)a
1.68 (1.36-2.08)a

1.00 (ref.)

0.96 (0.82-1.13)
1.00 (ref.)

1.59 (1.44-1.74)a
1.70 (1.42-2.03)a

1.00 (ref.)

1.07 (0.96-1.18)
1.00 (ref.)

a

1.35 (1.25-1.46)
1.27 (1.13-1.43)a

1.00 (ref.)

0.92 (0.80-1.06)
1.00 (ref.)

1.31 (1.17-1.45)a
1.40 (1.19-1.64)a

1.00 (ref.)

1.00 (ref.)

Probability of survival

Table 3 Hazard ratio of mortality risk for patients with
non-cryptogenic liver cirrhosis, cryptogenic liver cirrhosis,
[Neg]
st
and liver cirrhosis
patients after 1 -ever mechanical
ventilation, stratified by gender and age group

0.75

0.50

0.25
Log-rank test: P < 0.01
0.00
0

5
10
Time to mortality

15

Figure 2 Kaplan-Meier survival curves of patients with non-cryptogenic
liver cirrhosis, patients with cryptogenic liver cirrhosis, and patients
without liver cirrhosis after a 1st-ever mechanical ventilation.

associated with poor patient outcomes after a 1-MV
(AHR = 1.38, 95%CI: 1.32-1.44). Although other
studies have shown the grave outcomes of patients
[9,12,22,23]
[24]
critically ill with LC
and one reported that the
overall in-hospital mortality rate of patients with LC in
their Acute Physiology and Chronic Health Evaluation
Ⅲ (APACHE Ⅲ)-matched group was higher than that
[Neg]
in the LC
group (73.6% vs 57.5%, P = 0.026), the
present study is the first one to show the negative
effects of LC on the outcomes of critically ill patients
who require MV. Moreover, we found that this kind of
significant association was apparent only for patients
with non-cryptogenic LC (AHR = 1.56, 95%CI:
1.49-1.63), but not for cryptogenic patients (AHR =
1.05, 95%CI: 0.98-1.12). All of these findings indicate
that LC, especially non-cryptogenic LC, is associated
with poor outcomes for critically ill patients who require
MV.
Second, we found that non-cryptogenic LC was
significantly associated with worse outcomes in
patients after a 1-MV than cryptogenic LC (AHR = 1.43,
95%CI: 1.32-1.54). In contrast, one retrospective
[20]
Malaysian cohort study reported, after comparing
the clinical outcomes in 94 cases cryptogenic LC and
207 cases of non-cryptogenic LC, cases that there was
no significant difference in mortality between these
two groups; however, the sample in that study was
[25]
relatively small. A Japanese study , which compared
68 patients with cirrhotic non-alcoholic steatohepatitis
(NASH) and 69 with HCV-induced LC, found that
the 5-year survival rates and liver-related mortality
were not significantly different in the two groups. A
[26]
[Pos]
Sri Lankan study
of 306 alcoholic LC
and 243
[Pos]
cryptogenic LC
patients also found that survival
rates were not significantly different between the two
groups. The difference between the present study and
these three Asian studies can be explained by different
study designs and patient populations. Our study
focused only on the mortality of patients after a 1-MV,
and we used all-cause mortality for outcome analysis.
However, additional large-scale studies are warranted

The model was adjusted for age, gender, length of hospital stay, length of
1st mechanical ventilation, length of Intensive Care Unit stay, treatment
department, number of organ failures, and the listed comorbidities. aP <
0.05. (ref.): Reference value; LC[Pos]: Liver cirrhosis-positive; LC[Neg]: Liver
cirrhosis-negative.

1-MV precipitously declined early on and ran parallel
thereafter (Figure 2); although the starting point was
lower, the trajectory had not changed. In addition, the
patients with cryptogenic LC had a higher mortality
[Neg]
rate than did LC
patients, but lower than did
patients with non-cryptogenic LC. The absolute survival
[Neg]
rate also showed that LC
patients had the highest
1-, 3-, 5-, and 10-year survival rates, followed by the
patients with cryptogenic LC.
Overall, the risk of mortality was significantly
higher for patients with non-cryptogenic LC than for
[Neg]
patients with cryptogenic LC and for LC
patients
(Table 3). The risk differences in mortality between the
[Neg]
patients with non-cryptogenic LC and LC
patients
were significant across the subgroups for men and for
women as well as across age groups. The mortality
risk was higher (AHR = 2.17, 95%CI: 1.94-2.43) for
patients < 50 years old than for patients ≥ 50 years
old.

DISCUSSION
This is the first study that investigates (1) the effect
of LC on the outcomes of the patients after 1-MV; and
(2) the different effects of non-cryptogenic LC and
cryptogenic LC on this specific group. We have several
significant findings.
First, after adjusting for possible confounding
factors, we found that LC itself was significantly

WJG|www.wjgnet.com
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to determine whether the effects of LC and cryptogenic
LC on different specific groups are different.
Third, we also investigated the negative effects
of LC on the outcomes of patients (stratified by age
[Pos]
and gender) after a 1-MV. We found that all LC
patients had higher mortality risks, but that only non[Pos]
cryptogenic LC
patients had significantly higher
AHRs regardless of age group and gender. The < 50
years old group had the highest AHR for mortality of
all age groups. Thus, our findings suggest that we
should pay more attention to developing methods to
reduce the negative effects of LC for these younger
high-risk patients. However, additional case-control
studies are needed to confirm such a relationship.
We also found that AHRs for mortality were not
[Pos]
significantly different between male and female LC
[27,28]
patients after a 1-MV. Two recent studies
in Taiwan
reported that in-hospital mortality was significantly
more highly associated with men than with women,
[29]
but an American study
reported the opposite.
Differences in our findings might be attributable to our
[Pos]
having enrolled only LC
patients, unlike the study
populations of these other studies.
Our study has some strengths. It is a large
population-based analysis of the effect of LC on
patients given a 1-MV. NHIRD includes data on over
99% of all residents in Taiwan, therefore, it allows
large-scale and longitudinal follow-up epidemiological
studies and health services research. In addition, this
kind of nationwide study design largely reduces the
effect of referral bias, which is often seen in critical
care studies. This investigation should provide robust
data on the characteristics and effects of critical
cirrhotic patients requiring MV in Taiwan.

scores of cirrhotic patients who required MV; thus, we
included the number of organ failures as a proxy for
[Pos]
severity. Although we found LC
with MOF had higher
risk of death than without MOF, the difference did not
reach statistical significance. It may be due to the
limited case number. Further larger scale study may
be warranted to investigate this issue. Third, as in all
observational studies, our study might contain some
residual confounding, which prevents us from arriving
at conclusions about causality but only correlations
between risk factors and mortality. Moreover, the
[Pos]
primary reasons for admitting these LC
patients
with a 1-MV are unknown, as are additional details
about the severity of their LC. Finally, the enrolled
patients were selected from a heterogeneous general
population, which more than likely makes generalizing
our conclusions too arbitrary. However, given the
large magnitude of the observed effects in this study,
these limitations are unlikely to have compromised the
results. Further investigation about the cause of death
using other databank is required.
In conclusion, LC, especially non-cryptogenic LC,
significantly increases the risk of mortality after a 1-MV.
The greatest negative effect of LC was on patients <
50 years old.

COMMENTS
COMMENTS
Background

In addition to viral hepatitis- and alcohol-related liver cirrhosis (LC), cryptogenic
cirrhosis, which is defined as LC that cannot be explained by conventional
clinical, laboratory, or histological findings, is becoming increasingly prevalent
in Asia. The clinical manifestations and outcomes of LC and cryptogenic LC are
different, especially for patients using mechanical ventilation (MV). Thus, the
authors investigated the long-term outcomes of patients with LC who underwent
their first-ever MV (1-MV), and also compared the different impact of 1-MV on
the patients with non-cryptogenic LC or cryptogenic LC.

Limits of the study

Our study also has some limitations. First, because our
study relies on administrative databases rather than
on actual patient charts for all diagnoses, including
comorbidities, and on the claims data and ICD-9CM diagnosis codes, some of the diagnoses might be
incorrect. Alcoholic and NASH were the two major
cause of LC. However, this study is using the NHIRD
database, which cannot provide history of alcoholic
using and the diagnosis of NASH. Therefore, we
cannot make sure the diagnosis of alcoholic LC and
analysis the effect of alcoholic LC. Besides, there are
no images or lab data to support the diagnoses, our
conclusions cannot be totally convincing. Nonetheless,
the Taiwan NHI Bureau randomly reviews patient
charts and interviews patients to verify the accuracy of
the coding. Hospitals with outlier charges or practices
might be audited and subsequently heavily penalized
for malpractice or discrepancies. Therefore, the
potential risk for bias based on coding practices can
be minimized. Second, because the NHIRD does not
contain data that differentiate disease severities, we
were unable to take into account the illness severity

WJG|www.wjgnet.com

Research frontiers

Multiple organ failures in critical cirrhotic patients were associated with
poor outcomes. The use of MV for a patient with advanced cirrhosis was an
independent risk factor of mortality. However, no large study has specifically
analyzed the effect of LC on the long-term outcome of patients who underwent
their 1-MV.

Innovations and breakthroughs

A total of 16653 patients were enrolled. LC patients had a significantly lower
survival rate (AHR = 1.38) after their 1-MV. Moreover, the mortality risk was
significantly higher for patients with non-cryptogenic LC than for patients with
cryptogenic LC (AHR = 1.43) and patients without LC (AHR = 1.56). However,
there was no significant difference between patients with cryptogenic and
without LC (AHR = 1.05, 95%CI: 0.98-1.12). The risk differences in mortality
between the patients with non-cryptogenic LC and patients without LC were
significant across the subgroups for men and for women as well as across age
groups. The mortality risk was higher (AHR = 2.17) for patients < 50 years old
than for patients ≥ 50 years old.

Applications

After adjusting for possible confounding factors, we found that LC itself
was significantly associated with poor patient outcomes after a 1-MV. Noncryptogenic LC was also significantly associated with worse outcomes in
patients after a 1-MV than cryptogenic LC and patients without LC. The < 50
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years old group had the highest AHR for mortality of all age groups. Thus, our
findings suggest that we should pay more attention to developing methods to
reduce the negative effects of LC for these younger high-risk patients.
6

Terminology

LC, especially non-cryptogenic LC, significantly increases the risk of death after
a 1-MV.
7

Peer-review

Very good work has been performed by Lai CC et al comparing the effect of
LC on the poorly understood long-term mortality risk after a 1-MV for acute
respiratory failure. Congratulation to the authors for adding valuable data for
LC, especially non-cryptogenic LC, significantly increases the risk of death after
a 1-MV.
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Abstract
AIM
To examine the role of soluble fibrin monomer complex
(SFMC) in the prediction of hypercoagulable state after
gastroenterological surgery.
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Conflict-of-interest statement: The authors have no potential
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METHODS
We collected data on the clinical risk factors and
fibrin-related makers from patients who underwent
gastroenterological surgery at Hiroshima University
Hospital between April 1, 2014 and March 31, 2015.
We investigated the clinical significance of SFMC, which
is known to reflect the early plasmatic activation of
coagulation, in the view of these fibrin related markers.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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RESULTS
A total of 123 patients were included in the present
study. There were no patients with symptomatic VTE.
Thirty-five (28%) patients received postoperative
anticoagulant therapy. In the multivariate analysis,
a high SFMC level on POD 1 was independently
associated with D-dimer elevation on POD 7 (OR
= 4.31, 95%CI: 1.10-18.30, P = 0.03). The cutoff
SFMC level was 3.8 μg/ml (AUC = 0.78, sensitivity,
63%, specificity, 89%). The D-dimer level on POD 7
was significantly reduced in high-SFMC patients who
received anticoagulant therapy in comparison to highSFMC patients who did not.

prophylaxis such as elastic stockings and intermit
tent pneumatic compression (IPC) for general and
abdominal-pelvic surgery patients who are at high risk
[4,5]
for VTE (approximately 6.0%) . The Caprini score
is widely accepted for selecting patients with a high
clinical risk for VTE (score ≥ 5); however, the majority
of patients who undergo gastroenterological surgery
for malignant tumors are considered to be high risk.
Although postoperative anticoagulant therapy is
regarded as important for preventing VTE, it is not
routinely used after gastroenterological surgery, mainly
because it is associated with bleeding complications
and epidural hematoma after epidural anesthesia.
The risk of VTE varies according to the thrombotic
risk factors of individual patients; these include age,
sex, obesity, cancer, familial history, infection, heart
disease, respiratory disease, hormone treatment and
[1,4,6]
poor functional status
. Thus, in order to confirm a
suspected VTE event after gastroenterological surgery,
it is important to develop a diagnostic marker with
high sensitivity and specificity. The establishment of
a marker that can identify patients who are at high
risk for VTE will help to minimize the disadvantages
associated with anticoagulant therapy and unnecessary
radiography.
Soluble fibrin monomer complex (SFMC) appears
in the bloodstream during the extremely early stage
of blood coagulation. Thrombin cleaves fibrinopeptides
from a fibrinogen molecule, and yields a fibrin
monomer. When fibrin monomers are produced in the
presence of fibrinogens, two fibrinogen molecules and
one fibrin monomer create a soluble complex known
as SFMC (Figure 1). SFMC reflects the plasmatic
[7,8]
activation of coagulation and fibrinolysis . However,
there is little known about the clinical significance of
SFMC after gastroenterological surgery.
The aim of the present study was to examine
the possible role of the plasma level of SFMC in the
prediction of hypercoagulable state and the subsequent
VTE after gastroenterological surgery and to assess
whether it can be used to indicate postoperative
anticoagulant therapy.

CONCLUSION
The SFMC on POD 1 strongly predicted the hypercoa
gulable state after gastroenterological surgery than the
clinical risk factors and the other fibrin related markers.
Key words: Hypercoagulable state; Gastroenterological
surgery; Soluble fibrin monomer complex; Venous
thromboembolism; anticoagulant therapy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We found that the plasma level of soluble
fibrin monomer complex (SFMC) on POD 1 was more
strongly associated with D-dimer elevation on POD 7
than were the clinical risk factors or other fibrin-related
markers in 123 cases after gastroenterological surgery,
suggesting the possible role of SFMC in the prediction
of a hypercoagulable state and subsequent venous
thromboembolism. The present study also demonstrated
the possibility that the plasma levels of SFMC could
be used as an indication for anticoagulant therapy
in patients who have undergone gastroenterological
surgery.
Kochi M, Shimomura M, Hinoi T, Egi H, Tanabe K, Ishizaki Y,
Adachi T, Tashiro H, Ohdan H. possible role of soluble fibrin
monomer complex after gastroenterological surgery. World J
Gastroenterol 2017; 23(12): 2209-2216 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i12/2209.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i12.2209

MATERIALS AND METHODS
We retrospectively collected data related to the
clinical risk factors for VTE and fibrin-related makers
from 135 consecutive patients who had undergone
gastroenterological surgery due to a diagnosed
malignance or to treat a general abdominal disorder at
Hiroshima University Hospital between April 1, 2014,
and March 31, 2015. The levels of D-dimer, fibrin
degradation products (FDP), SFMC, and thrombin
antithrombin complex (TAT) (fibrin-related markers)
were measured at four time points in the perioperative
period (before and 1, 3, and 7 d after surgery). Twelve
patients were excluded from the study due to missing
fibrin-related marker data.

INTRODUCTION
Venous thromboembolism (VTE) remains a significant
complication after gastroenterological surgery.
Thrombosis is sometimes fatal and can worsen
[1]
a patient’s quality of life . VTE is an important,
potentially preventable condition that has the potential
[2,3]
to increase the rates of morbidity and mortality .
The current American College of Chest Physicians
(ACCP 2012) guideline recommends pharmacological
prophylaxis with low-molecular weight heparin or lowdose unfractionated heparin in addition to mechanical

WJG|www.wjgnet.com

2210

March 28, 2017|Volume 23|Issue 12|

Kochi M et al . SFMC after gastroenterological surgery
®

Kobe, Japan), and FDP (LIAS AUTO P-FDP, Sysmex,
Kobe, Japan) were measured by the latex agglutination
method using a commercial immunoassay kit (LIAS
®
AUTO D-dimer NEO, Sysmex, Kobe, Japan). All
tests were performed on a Sysmex CS5100 analyzer
(Sysmex, Kobe, Japan).
TAT was measured by an enzyme-linked immu
®
nosorbent assay (HISCL TAT, Sysmex, Kobe, Japan).
This test was performed on a Sysmex HISCL2000i
analyzer (Sysmex, Kobe, Japan). In all analyses,
statistical significance was set at a p value less than
0.05. The standard values were as follows: D-dimer,
≤ 1 µg/ml; FDP, ≤ 5 µg/ml; SFMC, ≤ 7 µg/ml; and
TAT, < 4 ng/ml.

Plasmin

Fibrinogen

FDP

Thrombin
Fibrin monomer
Fibrinogen
Pre coagulation state

Soluble fibrin monomer complex
Thrombin
Fibrin polymer
FXIII

Coagulation state

Stable fibrin
Plasmin

Fibrinolytic state

D-dimer

Statistical analysis

FDP

2

Pearson’s χ test was used to analyze each clinical
characteristic, in order to determine the factors
associated with postoperative hypercoagulability. These
variables were dichotomized in the analysis. Receiver
operating characteristic (ROC) curves were created to
determine the appropriate cutoff points. Factors with
a P value of < 0.05 on the univariate analysis were
subjected to a multivariate analysis using a logistic
regression model. The results of the multivariate
analysis are presented as the odds ratio (OR) and 95%
CI with the corresponding P-value. All of the analyses
were performed using the JMP software program
(version 11, SAS Institute, Cary, NC, United States).
The statistical methods of this study were reviewed by
Minoru Hattori from Hiroshima University.

Figure 1 Schema of soluble fibrin monomer complex. Soluble fibrin
monomer complex (SFMC) appears in the bloodstream during the extremely
early stage of blood coagulation, and reflects the plasmatic activation of
coagulation and fibrinolysis.

Symptomatic VTE did not occur in this study
population. The D-dimer level on POD 7 reflected
the hypercoagulable state after surgery and it have
previously demonstrated the association of the
presence of VTE; therefore, the D-dimer level on POD
7 was used as the main outcome in this study.

VTE prevention in the perioperative period

Mechanical prophylaxis against VTE, including the
postoperative use of elastic stockings (ESs) and IPC
was routinely applied in all cases. In the present
study, unfractionated heparin (via continuous infusion
unfractionated heparin for one week at a dose that
maintained the APTT at 1.5 to 2 times the reference
value) was administrated for the patients who was
preoperatively medicated by anticoagulant therapy.
Pharmacological prophylaxis was administered to the
patients at high clinical risk of VTE, as determined by
the original risk classification based on the Caprini
score and the Japanese VTE guidelines. The safety and
validity of this risk classification were demonstrated
[9]
in the previous article . Pharmacological prophylaxis
was administrated by low molecular weight heparin:
Enoxaparin sodium [via subcutaneous injection, two
times a day, with enoxaparin sodium (2000 IU) for
one week]. Thus, postoperative anticoagulant therapy
was administrated in 35 patients (28%). Unless
contraindicated, anticoagulant therapy initiated from
24 h after surgery to one week after surgery.
Post-operative pain control in patients receiving
anticoagulant therapy was achieved via intravenous
anesthesia (as a substitute for epidural anesthesia).

Plasma sample analyses

RESULTS
Patient characteristics

The final study population included 123 patients (68
males and 55 females), the median age was 67 years
(range, 32 to 89 years), the median operation time
was 319 min (range, 74-795), the median bleeding
volume was 70 ml (range, 5-4135). The patients’
characteristics and clinical data are summarized in
Table 1. There were no patients with symptomatic VTE
in this study population. Thirty-five patients (28%)
received postoperative anticoagulant therapy. Bleeding
complications occurred in 5 (14%) patients who
received anticoagulant therapy (Clavien-Dindo Grade 1,
n = 4; Grade 2, n = 1).

Univariate and multivariate analyses of the risk factors
for D-dimer elevation on POD 7 in patients without
anticoagulant therapy

We analyzed the correlation between D-dimer elevation
on POD 7 and the clinical risk factors for VTE among
the 88 patients who did not receive anticoagulant
therapy. The median cutoff level for D-dimer on POD
7 was 6.45. In the univariate analysis the group with
a higher D-dimer level (≥ 6.45 µg/ml) on POD 7,
included a greater number of patients of ≥ 75 years

®

The levels of D-dimer (LIAS AUTO D-dimer NEO,
®
Sysmex, Kobe, Japan), SFMC (AUTO LIA FM, Sysmex,
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coagulant therapy group (n = 88) were divided into
two subgroups [the SFMC-high group (POD 1 SFMC
≥ 3.8 µg/ml) and the SFMC-low group (POD 1 SFMC
< 3.8 µg/ml)], and the D-dimer levels on PODs 1,
3, and 7 were examined to confirm the patients’
hypercoagulability. In the no anticoagulant therapy
group, the D-dimer levels were significantly higher
at every point of measurement than they were in
the SFMC-low group. In the anticoagulant therapy
group, however, there was no significant difference
in the D-dimer levels on POD 7 (P = 0.14). Among
the SFMC-High group, the D-dimer level on POD 7
was significantly reduced in patients who underwent
anticoagulant therapy in comparison to patients who
did not. This suggests the possibility that anticoagulant
therapy might be indicated based on the SFMC level.

Table 1 Baseline characteristics of the patients n (%)
Characteristic
Age, median (range)
Sex, Female
BMI (kg/m2), median (range)
Performance status
0-2
3-4
Surgical procedure
Gastrectomy
Small bowel resection
Colectomy
Proctectomy
Stoma closure
Others
Surgical technique
Laparoscopic surgery
Operative time (min), median (range)
Bleeding volume (ml), median (range)
Clinical risk factors for VTE
Malignancy
Metastatic disease
Diabetes mellitus
Varicose vein
Hormone therapy
CV catheter
Preoperative infection
Cardiovascular disease
Antiplatelet therapy
Pelvic surgery
Previous history of VTE

n = 123
67 (32-89)
55 (45)
22.8 (15.2-33.2)
119 (97)
4 (3)
32 (26)
5 (4)
45 (36)
32 (26)
2 (2)
7 (6)
86 (70)
319 (74-795)
70 (5-4135)

DISCUSSION

118 (96)
16 (13)
16 (13)
1 (0.8)
4 (3)
4 (3)
7 (6)
6 (5)
10 (8)
22 (18)
0

In the current study, we demonstrated the SFMC
predicted the postoperative hypercoagulable state
more strongly than other clinical risk factors, including
the Caprini score and the levels of other fibrin related
markers on POD 1.
A hypercoagulable state is a precursor condition
of VTE, which is a significant complication that is
associated with a poor prognosis, increased morbidity
[3]
and a longer hospital stay . Since it is well known
that most cases of VTE are asymptomatic, periopera
tive patients who do not receive pharmacological
prophylaxis should be carefully monitored to allow
[10]
for the early detection of VTE . If we could detect
the hypercoagulable state and presence of VTE using
a simple blood test, we could expect a dramatic
reduction in unnecessary imaging examinations,
which would reduce both radiation exposure and the
use of contrast agents that are needed for computed
[11,12]
tomographic pulmonary angiography (CTPA)
.
The aim of a marker that identifies patients with
a high risk of developing VTE will help to minimize
the disadvantages of anticoagulant therapy and
unnecessary radiographic examinations.
SFMC, which reflects acute intravascular fibrin
formation, has been recognized as an independent
marker for predicting VTE after orthopedic surgery,
due to the substantial elevation of SFMC levels in
[3,10,11,13]
patients who develop VTE
. Although SFMC
is a cost-effective and safe diagnostic method, little
is known about the changes in SFMC levels after
gastroenterological surgery. No studies have evaluated
SFMC levels or the cutoff SFMC level for the diagnosis
of thrombosis after gastroenterological surgery.
Since most VTE events occur during the first week
after surgery, we evaluated the risk factors based
on the characteristics of patients, surgical factors,
and blood tests on POD 1 with the aim of detecting
suspected cases of VTE during the early postoperative
[3,7,10,11,13]
phase
.
In the current study, we demonstrated that among

BMI: Body mass index; CV: Central vein; VTE: Venous thromboembolism.

of age, required a longer surgical time (≥ 321 min),
and had a higher levels of D-dimer, FDP, TAT, and
SFMC on POD 1 than the group of patients with lower
D-dimer levels (< 6.45 µg/ml) on POD 7. According to
a multivariate analysis, the SFMC on POD 1 (OR = 4.31,
95%CI: 1.10-18.30, P = 0.03) was an independent
risk factor for D-dimer elevation on POD7 (Table 2).
Their cutoff points with sensitivities and specificities
were determined by a ROC analysis. The cutoff point
of SFMC was 3.8 µg/mL, with an area under the curve
(AUC) of 0.78, a sensitivity of 63% and a specificity of
89%.

Univariate and multivariate analyses of the risk factors
for SFMC elevation on POD 1 in the whole study
population

We analyzed the correlation between SFMC elevation
on POD 1 and the clinical risk factors and surgical
factors. In the univariate analysis, there were significant
differences in age, the operative time, and the
administration of antiplatelet therapy. Subsequently, in
the multivariate analysis, age and operative time were
found to be independent risk factors for SFMC elevation
on POD 1 (Table 3).

Possible indications for anticoagulant therapy based on
the SFMC level on POD 1

The anticoagulant therapy group and the no anti
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POD1 ≥ 3.8
FDP
(µg/mL)
< 10.1
POD1 ≥
10.1
TAT (ng/mL)
POD1
< 8.3
≥ 8.3
SFMC
(µg/mL)
< 3.8
POD1 ≥ 3.8

Table 2 The relationship between the D-dimer level on POD
7 and the clinical characteristics of patients who did not
receive anticoagulant therapy
D-dimer (POD 7) Univariate

Clinical risk
factors for
VTE

Low
High
(< 6.45) (≥ 6.45)

Age
< 75
≥ 75
Sex
Male
Female
Performance
status
0-2
3-4
Operative
time (min)
< 321
≥ 321
Bleeding
volume (mL)
< 113
≥ 113
Laparoscopic
surgery
No
Yes
Malignancy
Absence
Presence
Metastatic
disease
Absence
Presence
Diabetes
mellitus
Absence
Presence
Hormone
therapy
Absence
Presence
CV catheter
Absence
Presence
Preoperative
infection
Absence
Presence
Antiplatelet
therapy
Absence
Presence
Pelvic surgery
Absence
Presence
Caprini score
<7
≥7
Fibrin-related
markers
D-dimer
(µg/mL)
< 0.6
Preoperative
≥ 0.6
D-dimer
(µg/mL)
< 3.8

37
7

26
18

P value

< 0.01

20
24

21
23

0.83

43
1

43
1

1.00

32
12

19
25

< 0.01

35
9

28
16

0.09

11
33

16
28

0.24

2
42

3
41

0.64

38
6

39
5

0.74

39
5

39
5

1.00

43
1

43
1

1.00

42
2

43
1

0.55

42
2

41
3

0.64

41
3

40
4

0.69

41
3

41
3

1.00

24
20

15
29

0.05

17

12

0.11

13

21

33

11

< 0.01
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Multivariate
OR

95%CI P value

2.48 0.70-9.21

0.15

11
38

33
18

6

26

34
10
39

12
32
16

< 0.01

1.42 0.25-7.65

0.68

< 0.01

1.83 0.44-7.27

0.39

< 0.01

4.31

0.03
1.10-18.30

5

28

VTE: Venous thromboembolism; CV: Central vein; FDP: Fibrin degradation
products; TAT: Thrombin antithrombin complex; SFMC: Soluble fibrin
monomer complex; POD: Postoperative day.
2.09 0.64-6.92

0.21

2.88 0.56-14.82

0.19

88 patients without anticoagulant therapy, the SFMC
level on POD 1 was an independent risk factor for
D-dimer elevation on POD 7. There were no significant
differences in the other clinical risk factors or fibrinrelated markers. With a cutoff point of 3.8 µg/ml,
the diagnostic sensitivity, specificity and odds ratio
of the SFMC on POD 1 were 63%, 89% and 4.31,
respectively. In previous studies in which SFMC was
used to predict VTE (cutoff points: 7.05-19.8 µg/ml)
the sensitivity and specificity were 88% and 62 to
[10,13]
90%, respectively
. This difference in the cutoff
points is considered to be due to the clinical endpoint
(D-dimer elevation or the occurrence of VTE). An ROC
analysis showed moderate accuracy in the prediction
of D-dimer elevation on POD 7 using a cutoff point
of 6.45 µg/ml (AUC: 0.78). Given that some reports
used postoperative D-dimer cutoff values of 6.1 to 7.5
µg/mL for predicting the VTE, we consider this clinical
[11,14]
endpoint to be reasonable
.
Although, patients who are considered to have
a high clinical risk for VTE based on the presence
of risk factors such as pelvic surgery, obesity, and
a previous history of thrombosis tend to receive
appropriate perioperative anticoagulant therapy, the
administration of perioperative anticoagulant therapy
to patients who are deemed to have a low clinical risk
[15]
of VTE is controversial . Surgeons may withhold
perioperative anticoagulant therapy due to the risk of
bleeding complications. Major bleeding is reported to
occur in 2.9% to 9.4% of patients during the period
[16,17]
of pharmacological prophylaxis
. In the current
study, post-operative bleeding complications, including
subcutaneous bleeding, conjunctival bleeding, melena,
and intraabdominal hemorrhage, occurred in 11.4%
(5 of 35) of the patients. However, the incidence of
major bleeding that necessitated a blood transfusion
was 2% (1 of 35). The bleeding complications were
classified as Grade 1, n = 4; Grade 2, n = 1 (ClavienDindo classification). We were therefore able to
administer chemoprophylaxis without serious bleeding
complications. Although this study did not use
epidural anesthesia to avoid the risk of spinal epidural
hematoma, previous studies have reported spinal
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Fibrin-related
markers
D-dimer
(µg/mL) < 0.6
Preoperative
≥ 0.6

Table 3 The relationship between the soluble fibrin monomer
complex on POD 1 and the clinical characteristics of the
patients
Clinical risk
factors for VTE
Age
< 75
≥ 75
Sex
Male
Female
BMI (kg/m2)
< 27
≥ 27
Performance
status
0-2
3-4
Operative time
(min)
< 321
≥ 321
Bleeding volume
(mL)
< 113
≥ 113
Laparoscopic
surgery
No
Yes
Malignancy
Absence
Presence
Metastatic
disease
Absence
Presence
Diabetes
mellitus
Absence
Presence
Varicose vein
Absence
Presence
Hormone
therapy
Absence
Presence
CV catheter
Absence
Presence
Preoperative
infection
Absence
Presence
Cardiovascular
disease
Absence
Presence
Antiplatelet
therapy
Absence
Presence
Pelvic surgery
Absence
Presence
Caprini score
<7
≥7

SFMC (POD 1) Univariate
Low
High
(< 3.8) (≥ 3.8)

P value

59
16

27
21

0.01

45
30

23
25

0.18

71
4

47
1

0.37

73
2

46
2

0.64

45
30

18
30

0.01

47
28

28
20

0.63

25
50

12
36

0.32

5
70

0
48

0.06

65
10

42
6

0.89

67
8

40
8

0.33

75
0

47
1

0.2

72
3

47
1

0.55

72
3

47
1

0.55

71
4

45
3

0.83

73
2

44
4

0.15

72
3

41
7

0.03

62
13

39
9

0.84

36
39

17
31

0.16
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Multivariate
OR

95%CI P value

2.44 1.07-5.66

0.02

3.04 0.74-15.30

0.12

11

30

25

0.12

SFMC: Soluble fibrin monomer complex; POD: Postoperative day; VTE:
Venous thromboembolism; BMI: Body mass index; CV: Central vein.

0.03

2.33 1.08-5.12

26

epidural hematoma due to anticoagulant therapy to be
[18]
extremely rare . Thus, the use of epidural anesthesia
during anticoagulant therapy should be the subject of
future studies.
In the current study, elderly patients and a longer
duration of surgery had an impact on the occurrence of
SFMC elevation on POD 1 (Table 3), and anticoagulant
therapy inhibited D-dimer elevation on POD 7 in the
SFMC-high group (Figure 2). These results suggest
that the selective administration of anticoagulant
therapy to the patients of the SFMC-high group,
especially patients who had these two risk factors,
might be effective for preventing the development of
VTE.
The relationship between the preoperative SFMC
and D-dimer levels and the development of VTE after
surgery is important; however, the preoperative SFMC
and D-dimer levels could not predict postoperative VTE
[10,13]
in previous studies
. These studies indicate that the
preoperative SFMC level was not increased in patients
who developed postoperative VTE.
This study is associated with several limitations.
First, because there were no cases of symptomatic
VTE was found, the D-dimer level on POD 7, which is
well known to have high sensitivity (79%-95%) and
a negative predictive value of nearly 100%, was used
for the clinical endpoint, rather than the occurrence
[10,19,20]
of VTE
. However, D-dimer elevation can also
represent infection, malignancy, heart failure, chronic
[19]
renal disease and liver disease . Thus, it might not
reflect true VTE. It would be therefore be better to
consider the inclusion of asymptomatic VTE and to
confirm the cutoff points in further clinical studies.
Second, the further diagnostic work-up of patients with
asymptomatic VTE, such as ultrasound, CT and CTPA,
was performed at the discretion of the surgical team.
In conclusion, the plasma level of SFMC on POD
1 strongly associated with D-dimer elevation on
POD7 than the clinical risk factors and the other fibrin
related markers, which indicated the possible role of
SFMC in the prediction of hypercoagulable state and
subsequent VTE. The present study also demonstrated
the possibility that the plasma levels of SFMC could be
used as an indication for anticoagulant therapy, and
the selective administration of anticoagulant therapy
to the patients of the SFMC-high group would be
effective for preventing the development of VTE. We
are planning to perform another prospective study to
examine the protective effects against VTE that are
achieved by administering anticoagulant therapy based
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A

B

Anticoagulant therapy (n = 35)
a

16

16

a

14

12
a

10
8

SFMC-high

6

SFMC-low

4

D-dimer (mg/mL)

14
D-dimer (mg/mL)

Non-anticoagulant therapy (n = 88)

2

a

12

a

10

SFMC-high

8
6

SFMC-low

4
2

0

0
PRE

POD 1

POD 3

PRE

POD 7

POD 1

POD 3

POD 7

Figure 2 The postoperative kinetics of the D-dimer levels in patients who received anticoagulant therapy (A) and those who did not receive anticoagulant
therapy (B). In the soluble fibrin monomer complex (SFMC)-High group, the plasma levels of D-dimer (POD 7) in patients who received anticoagulant therapy were
reduced in comparison to those who did not. The mean D-dimer level ± SD in the SFMC-High group and - the SFMC-Low group. aP < 0.05.
is serious problem after surgery. This article is thought to be significant for
prediction of hypercoagulable state on early phase after gastroenterological
surgery.

on the plasma levels of SFMC on POD 1.
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Abstract
AIM
To compare two tests for exocrine pancreatic function
(EPF) for use in M-ANNHEIM staging for pancreatitis.

Institutional review board statement: The study protocol
was reviewed and approved by University Ethics Committee of
Manipal University.

METHODS
One hundred and ninety four consecutive patients
with acute pancreatitis (AP; n = 13), recurrent acute
pancreatitis (RAP; n = 65) and chronic pancreatitis (CP;
n = 116) were enrolled. EPF was assessed by faecal
elastase-1 (FE-1) estimation and stool fat excretion by
the acid steatocrit method. Patients were classified as
per M-ANNHEIM stages separately based on the results
of the two tests for comparison. Independent Student’s
t -test, χ 2 test, Kruskal-Wallis test, Mann-Whitney U test
and McNemar’s test were used as appropriate.

Informed consent statement: All study participants or their
legal guardians provided written informed consent prior to study
enrolment.
Conflict-of-interest statement: The authors have no conflict of
interest to declare.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS
Sixty-one (52.5%) patients with CP had steatorrhoea
when assessed by the acid steatocrit method; 79

2217

March 28, 2017|Volume 23|Issue 12|

Kamath MG et al . Comparing exocrine tests for M-ANNHEIM staging
when imaging studies are inconclusive for the same
[4]
as happens in early stages of the disease . Direct
PFT like the secretin test have a greater sensitivity
and help in diagnosing CP in its moderate to late
[4]
stages as compared to early stages of the disease .
However, the test is cumbersome, not easily available,
poorly standardised across centres, poses difficulty
in measuring the enzyme output and is poorly to
lerated by some patients due to the need for oro[5]
duodenal intubation . The 72-h quantitative faecal fat
estimation is considered the best method for assessing
steatorrhoea. A major drawback of this method has
been the need to collect stool specimen for 72 h and to
[6]
store and process them .
The acid steatocrit method correlates well with
the 72-h quantitative faecal fat estimation and has
a sensitivity, specificity and positive predictive value
of 100%, 95% and 90% respectively, and acts as an
[7,8]
easier alternative . The other advantages of this
method are its simplicity, reliability and cost-effec
[8-11]
tiveness for evaluating steatorrhoea in CP
.
Faecal elastase-1 (FE-1), is a useful indirect pan
creatic function test in which a random spot stool
sample can be used to identify exocrine pancreatic
insufficiency (EPI) in well established CP, the situation
[12-14]
in which steatorrhoea commonly occurs
. Stu
dies indicate that FE-1 is useful in estimating fat
malabsorption in CP and correlates well with the acid
[15]
steatocrit method .
Not many studies have compared FE-1 and the
acid steatocrit method for evaluating EPF in CP. The
aim of our study was to determine the usefulness of
stool fat analysis by the acid steatocrit method and
FE-1 estimation in the staging of pancreatitis using the
M-ANNHEIM classification system.

(68.1%) with CP had exocrine insufficiency by the FE-1
2
test (χ test, P < 0.001). The results of acid steatocrit
and FE-1 showed a significant negative correlation
(Spearman’s rho = -0.376, P < 0.001). A statistically
significant difference was seen between the M-ANNHEIM
stages as classified separately by acid steatocrit and
the FE-1. Thirteen (6.7%), 87 (44.8%), 89 (45.8%)
and 5 (2.5%) patients were placed in M-ANNHEIM
stages 0, Ⅰ, Ⅱ, and Ⅲ respectively, with the use of
acid steatocrit as against 13 (6.7%), 85 (43.8%),
75 (38.6%), and 21 (10.8%) respectively by FE-1 in
stages 0, Ⅰ, Ⅱ, and Ⅲ thereby altering the stage in 28
(14.4%) patients (P < 0.001, McNemar’s test).
CONCLUSION
FE-1 estimation performed better than the acid
steatocrit test for use in the staging of pancreatitis
by the M-ANNHEIM classification since it diagnosed a
higher proportion of patients with exocrine insufficiency.
Key words: Chronic pancreatitis; Pancreatic function
tests; Pancreatic elastase; Staging; Steatorrhoea
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with acute, recurrent acute and
chronic pancreatitis were classified as per M-ANNHEIM
stages, separately based on the results of two exocrine
function tests (acid steatocrit method and faecal
elastase test) for comparison. A statistically significant
difference was seen between the M-ANNHEIM stages
as classified separately by the two tests. Faecal
elastase-1 estimation performed better than the acid
steatocrit test for use in the staging of pancreatitis
by the M-ANNHEIM classification since it diagnosed a
higher proportion of patients with exocrine dysfunction.

MATERIALS AND METHODS

Kamath MG, Pai CG, Kamath A, Kurien A. Comparing acid
steatocrit and faecal elastase estimations for use in M-ANNHEIM
staging for pancreatitis. World J Gastroenterol 2017; 23(12):
2217-2222 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2217.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2217

Patients

Consecutive patients with pancreatitis presenting to
the Department of Gastroenterology and Hepatology,
Kasturba Hospital, Manipal between June 2009 and
June 2013 were prospectively enrolled in this cross
sectional study. Patients underwent detailed clinical
evaluation and were classified to have AP, RAP and
CP. AP was defined as a single episode of any two of
typical upper abdominal pain, raised serum amylase
and/or lipase three times above the upper limit of
[16]
normal and evidence of pancreatitis on imaging .
Patients presenting with more than one episode
of acute pancreatitis with complete resolution of
symptoms in between the episodes and no evidence of
[17,18]
CP on imaging were considered to have RAP
. CP
was defined by the presence of pancreatic calcifications
and/or ductal changes, visualized by ultrasonography,
computed tomography (CT), endoscopic ultrasound
(EUS) (“consistent with” and “suggestive of” CP
by the Rosemont criteria), endoscopic retrograde
cholangiopancreatography or magnetic resonance

INTRODUCTION
Steatorrhoea from pancreatic insufficiency increases in
frequency as chronic pancreatitis (CP) advances and
forms an important parameter for staging the disease
[1-3]
in various classification systems . The M-ANNHEIM
classification, a new system for staging and assessing
the severity of pancreatitis, subdivides the disease into
[1]
5 stages based on pain and pancreatic functions .
Different pancreatic function tests (PFT) and tests for
assessing steatorrhoea have been in use for assessing
exocrine pancreatic function (EPF) in patients with
[4]
CP . PFT have also been used for diagnosing CP
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Table 1 Demographic and clinical features of patients identified with pancreatitis based on imaging criteria

Age (yr) (mean ± SD)
Male: female
Alcoholic pancreatitis
(≥ 50 g/d)
Idiopathic pancreatitis
Duration of symptoms (in months)
[median (interquartile range)]
VAS (mean ± SD)

AP (n = 13)

RAP (n = 65)

CP (n = 116)

P value

29.8 ± 11.6
12 : 1
2 (15.4)

29.0 ± 11.5
57 : 8
19 (29.2)

33.3 ± 14.2
96 : 20
28 (24.1)

0.10
0.53
0.10

11 (84.6)
0 (0-0.2)

46 (70.8)
7.0 (3.5-24.0)

88 (75.9)
24.0 (4.0-48.0)

0.52
< 0.001

5.4 ± 2.0

6.4 ± 2.31

5.4 ± 2.5

0.02

A P value of < 0.05 was considered statistically significant.

[19,20]

cholangiopancreatography (MRCP)
.
Stool samples were collected from all patients in
two separate containers and one sample was stored
at -80 ℃, for estimation of FE-1 by ELISA by using a
monoclonal antibody based ELISA kit (ScheBo Biotech,
Giessen, Germany) as per manufacturer’s instructions.
Values of ≥ 200 µg per gram of stool, 100 and 200 µg
per gram and < 100 µg per gram were categorised as
normal, mild to moderate EPI and severe insufficiency
[21]
respectively .

comparison. The McNemar’s test was used to compare
the nominal data. A P value of < 0.05 was considered
as statistically significant. The statistical review for this
study was performed by a biomedical statistician.
The study protocol was approved by the Ethics
Committee of Manipal University. All study participants
or their legal guardians provided written informed
consent prior to study enrolment.

Stool fat estimation by the acid steatocrit method

Of the 194 consecutive patients recruited, 13 (6.8%)
had AP, 65 (33.5%) had RAP and 116 (59.7%) had CP.
Their baseline characteristics are shown in Table 1.

RESULTS

Semiquantitative stool fat estimation by the acid
steatocrit method was done on random spot stool
[11]
samples as proposed by Tran et al . 500 mg of stool
was diluted with water and homogenized for 2 to 5
min. 500-µl aliquot of the homogenized stool were
added with 100 mL of Perchloric acid and the pH was
confirmed to be < 1. The mixture was aspirated into
a capillary tube, sealed at one end and centrifuged at
[9,11]
13000 revolutions per minute for exactly 15 min
.
The length of the fatty layer and the length of the solid
layer were measured. Acid steatocrit (%) was obtained
by the formula: fatty layer/(fatty layer + solid layer)
× 100. The stool fat (in grams/day) was calculated
by the equation: -0.43 + (0.45 × acid steatocrit
[9]
%) . Steatorrhoea was diagnosed when the stool fat
[4]
excretion was 7 g/d or higher .
Patients were classified as per the M-ANNHEIM
staging system first using the acid steatocrit method
and then by using the FE-1 test also for comparison.

Statistical analysis

Correlation between exocrine insufficiency assessed by
acid steatocrit and FE-1 estimation

EPI was tested by acid steatocrit and FE-1 by ELISA
in all 194 patients. Stool fat analysis by acid steatocrit
method showed a significant negative correlation
(Spearman’s rho = -0.376, P < 0.001) with FE-1
indicating that both methods had a good agreement
for assessing EPI. None of the patients with AP or
RAP showed evidence of EPI by either test. Among
a total of 116 patients with CP, 61 (52.5%) and 79
(68.1%) patients showed the presence of EPI by the
acid steatocrit method and FE-1 respectively. This
2
difference was statistically significant (χ test, P <
0.001).

M-ANNHEIM staging using the acid steatocrit test

Since all patients in the present study consulted for
abdominal pain, there were no patients with stage
Ⅳ disease as per the M-ANNHEIM classification. The
median (IQR) stool fat excretion levels as assessed by
the acid steatocrit method were significantly different
between the M-ANNHEIM stages 0, Ⅰ, Ⅱ and Ⅲ in
a 6-pairwise comparison (P < 0.001, by KruskalWallis test; Table 2). The stool fat excretion was also
significantly different when compared between any
two stages except between stages 0 and Ⅰ (Table 2).

2

Independent Student’s t-test and the χ test were
used as appropriate. Spearman’s rho was used to
analyse the correlation between the results of the
two tests for exocrine function. The Kruskal-Wallis
test was used to compare non normal continuous
variables between the various M-ANNHEIM stages.
A P value of < 0.05 was considered as statistically
significant. The Mann-Whitney U test was used to
compare continuous variables between any two
M-ANNHEIM stages with Boneferonni adjustments for
multiple pairwise comparisons considering a P value
of < 0.008 as statistically significant for 6-pairwise
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The median (IQR) FE-1 values were significantly
different between the different M-ANNHEIM stages in
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Table 2 Stool fat in grams/day by acid steatocrit in M-ANNHEIM
stages of pancreatitis
M-ANNHEIM stage (n %)

Table 4 Comparing the number of patients based on
M-ANNHEIM staging by acid steatocrit and faecal elastase-1
estimations n (%)

Median (IQ range) of stool fat in g/d

0, 13 (6.7)
Ⅰ, 87 (44.8)
Ⅱ, 89 (45.8)
Ⅲ, 5 (2.5)

M-ANNHEIM stages

6.3 (6.0-6.6)
6.3 (5.9-6.4)
7.5 (6.4-10.8)
15.3 (12.0-15.6)

0
Ⅰ
Ⅱ
Ⅲ

A statistically significant difference was present between the different
M-ANNHEIM stages (P < 0.001, Kruskal-Wallis test). Comparison between
any two stages showed a statistically significant difference between stages
0 and Ⅱ, and stages Ⅱ and Ⅲ (P = 0.002, Mann-Whitney U test) and also
between stages 0 and Ⅲ, Ⅰ and Ⅱ, Ⅰ and Ⅲ (P < 0.001; Mann-Whitney U
test). A P value of < 0.008 was considered statistically significant for such
comparisons between any two groups after Alpha adjustment.

289.0 (249.0-383.2)
389.1 (263.2-436.1)
144.3 (108.9-219.0)
87.6 (41.1-119.1)

A statistically significant difference was present between the different
M-ANNHEIM stages (P < 0.001, Kruskal-Wallis test). Comparison between
stages 0 and Ⅱ, 0 and Ⅲ, Ⅰ and Ⅱ, and Ⅱ and Ⅲ showed a statistically
significant difference (P < 0.001 for all comparisons, Mann-Whitney U
test). A P value of < 0.008 was considered statistically significant for such
comparisons between any two groups after Alpha adjustment.

a 6-pairwise comparison (P < 0.001, by Kruskal-Wallis
test, Table 3). These values were also significantly
different when compared between any two stages
except between stages 0 and Ⅰ (Table 3).

Tests for exocrine function - relevance to M-ANNHEIM
staging

To determine the usefulness of the two methods of
assessing EPI for use in the M-ANNHEIM staging,
we compared the number of patients in M-ANNHEIM
stages obtained separately by using acid steatocrit
and FE-1 estimations. As shown in Table 4, 28
(14.4%) patients had a change in stage by using
FE-1 as against the use of acid steatocrit. 7 (3.6%),
5 (2.5%), 16 (8.2%) shifted from stage Ⅰ to Ⅱ, Ⅱ
to Ⅰ and Ⅱ to Ⅲ respectively. This difference was
statistically significant (P < 0.001, Mc Nemar’s test;
Table 4).

DISCUSSION
By comparing M-ANNHEIM stages of pancreatitis as
determined by using the acid steatocrit method and
FE-1 levels we have shown that 14.4% of patients
had a change in stage, most often a move to a higher
stage, with the use of the latter. This is because FE-1
estimation confirmed EPI in a significantly higher
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13 (06.7)
85 (43.8)
75 (38.6)
21 (10.8)

number of patients compared to the acid steatocrit
method. Though the tests used in our study measure
different aspects of EPI i.e., enzyme secretion and fat
excretion respectively, the results of the two showed
a high degree of correlation as expected. The lower
rate of detection of EPI by the acid steatocrit test
could possibly be attributed to the disadvantages this
method. These include a lack of standardisation of the
test and the effect of dietary fat intake at the time of
[15,22]
sample collection on the test results
. The number
of patients in M-ANNHEIM stages 0 and Ⅲ were
smaller and a higher number would have enhanced
the quality of this study.
Unlike with the acid steatocrit method FE-1
estimation offers many advantages. In addition
to its high sensitivity for assessing moderate to
severe EPI, it correlates well with the findings of
imaging studies in patients with CP and unlike other
pancreatic enzymes such as chymotrypsin, elastase
[6,15,23-26]
is not degraded as it passes through the gut
.
[27]
Bian et al
have shown that the secretin-enhanced
MRCP (sMRCP) significantly correlates with the FE-1
test to quantify the pancreatic exocrine function in
patients with CP based on the M-ANNHEIM staging.
However, sMRCP has its own limitations in the
detection of EPI in patients with CP, given its high
cost, the semiquantitaive nature of its results and a
[28]
modest sensitivity of 69% . The limitations of FE-1
estimation such as its lower sensitivity for detecting
mild EPI should however be kept in mind while using
[4,6]
this test .
Estimation of 72-h stool fat excretion and the
secretin test are considered the gold standard for
assessing steatorrhoea and EPI respectively. It is
likely that these tests would have provided different
results if we had used them in the M-ANNHEIM staging
of pancreatitis. A recent study showed that FE-1 is
highly sensitive to diagnose EPI, but low on specificity
[29]
as compared to the 72-h stool fat excretion test .
However, 72-h stool fat excretion and the secretin test
are demanding on patients and laboratories alike and
[6]
are hence uncommonly used at present . It is unlikely
that a simple test for steatorrhoea like the spot faecal
fat test using Sudan staining would have performed

Median (IQ range) of stool fat in g/d

0, 13 (6.7)
Ⅰ, 85 (43.8)
Ⅱ, 75 (38.6)
Ⅲ, 21 (10.8)

FE-1 test

13 (06.7)
87 (44.8)
89 (45.8)
05 (2.5)

A P value < 0.05 was considered statistically significant. A statistically
significant difference was present between the number of those assessed
by both methods in M-ANNHEIM stages (P < 0.001, Mc Nemar’s test).
FE-1: Faecal elastase-1.

Table 3 Faecal elastase-1 levels in M-ANNHEIM stages of
pancreatitis
M-ANNHEIM stage (n %)

Acid steatocrit method
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any better than FE-1 estimation but this needs to be
evaluated in future studies.
Accurate staging of pancreatitis is important to
study the natural history of the disease and the effect
of interventions on the same. It will also help in
comparing the results of different studies. It is possible
that the additional use of biomarkers will improve
the staging systems and this needs to be explored
in future studies. An earlier report from our centre
showed that serum MCP-1 levels were lower in patients
with CP and EPI as compared to those diagnosed with
[30]
CP but without EPI . Future studies combining tests
for pancreatic function and biomarkers may help in the
early detection of CP.
While the assessment of EPF by acid steatocrit
and FE-1 correlated well with each other the latter
detected EPI in a significantly higher number, thereby
placing a larger number of patients in higher stages
of disease as per the M-ANNHEIM classification. We
recommend that the FE-1 test should be used for
staging pancreatitis by the M-ANNHEIM classification.
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Abstract
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AIM
To determine the placebo response rate associated
with different types of placebo interventions used in
psychological intervention studies for irritable bowel
syndrome.
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METHODS
Randomized controlled trials comparing psychological
interventions (stress management/relaxation therapy
(cognitive) behavioral therapy, short-term psychodynamic
therapy, and hypnotherapy) for the treatment of adult
patients with irritable bowel syndrome (IBS) diagnosed
with the Manning or Rome criteria with an adequate
placebo control treatment and reporting data on IBS
symptom severity were identified by searching PubMed,
Embase, the Cochrane Library, CINAHL and PsycINFO
databases. Full-text articles that were written in English
and published between 1966 and February 2016 in
peer-reviewed journals were selected for the present
review. Placebo interventions were considered to be
adequate if the number of sessions and the amount of
time spent with the therapist were the same as in the
active treatment. The placebo response rate (PRR) was
computed for IBS symptom severity (primary outcome
measure) as well as for anxiety, depression and quality
of life (secondary outcome measures).
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RESULTS
Six studies, with a total of 555 patients met the
inclusion criteria. Four studies used an educational
intervention, whereas two studies used a form of
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concluded that CBT, IPT and hypnotherapy, not
relaxation therapy, were more effective than typical
care in relieving IBS symptoms. In 2014, a systematic
review showed that relaxation therapy was effective in
[7]
reducing IBS symptoms .
In the research on psychological treatment
methods, it is possible that the treatment effect is
the result of increased attention and time investment
on the patient rather than the therapy itself. In
randomized controlled trials, a placebo group should
be used to control for this effect. The placebo group
is defined as a “matched control group participating
in an activity regarded therapeutically inert from the
[8]
theoretical perspective of the therapy under study” .
Although a placebo control is different in pharma
cological studies than in psychological studies, they
are equally important in both cases for achieving a
methodologically valid comparison. In pharmacological
research the placebo response rate (PRR) is variable
and may be affected by the type, dosage, size,
color, frequency, and route of administration of the
[9]
placebo medication . In psychological interventions,
the PRR may result from the consultation itself and
[10]
the relationship with the physician/therapist .
IBS patients experienced greater benefits from
augmented, positive interaction with a practitioner
than from limited or no interaction at all (i.e., being
[10]
put on a waiting list) . They also benefitted more
from an increased number of office visits and a
[11,12]
longer duration of treatment
, suggesting that
supportive and empathic interaction with a practitioner
might influence clinical outcomes. Placebo effects
can be defined as “the beneficial effects that are
attributable to the responses of the patient to the
context in which the treatment is delivered, rather
[13]
than to specific actions of the treatment” . In RCTs
in which psychological interventions are studied, a
control intervention with an equal number and length
of sessions, using an individual or a group format and
[8]
with comparably trained of therapists should be used
to control for these effects. Currently, researchers who
examine psychological interventions debate whether
and to what degree the effects of psychotherapy are
[8,14,15]
based on placebo effects or therapeutic factors
.
From a methodological perspective, the PRR is
viewed as an effect that needs to be corrected for.
However, from a clinical perspective, a high PRR and a
good treatment response are considered to be equally
positive outcomes. From this perspective, when
the PRR associated with psychological interventions
is larger than associated with pharmacological
interventions, the psychological placebo treatment
may be of greater clinical relevance. The positive
relationship with the therapist can be used as an
additional beneficial factor.
We presumed that the placebo response would
be greater in psychological interventions than in drug
trials. So far, studies on the PRR in IBS have focused

supportive therapy as the placebo intervention. The
PRR for IBS symptom severity ranged from 25% to
59%, with a pooled mean of 41.4%. The relative PRR
for the secondary outcome measures ranged from 0%
to 267% for anxiety, 6% to 52% for depression 20%
to 125% for quality of life. The PRR associated with
pharmacological treatments, treatment with dietary
bran and complementary medicine ranged from 37.5%
to 47%. Contrary to our expectations, the PRR in
studies on psychological interventions was comparable
to that in studies on pharmacological, dietary and
alternative medical interventions.
CONCLUSION
The PRR is probably determined to a larger extent by
patient-related factors, such as expectations and desire
for the treatment to be effective, than the content of
the placebo intervention.
Key words: Placebo effect; Psychological interventions;
Irritable bowel syndrome; Systematic review
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study highlights the fact that providing
patients with realistic, but positive information about
the expected effect of the treatment for irritable
bowel syndrome is important to optimize the placebo
response.
Flik CE, Bakker L, Laan W, van Rood YR, Smout AJPM, de
Wit NJ. Systematic review: The placebo effect of psychological
interventions in the treatment of irritable bowel syndrome. World
J Gastroenterol 2017; 23(12): 2223-2233 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i12/2223.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i12.2223

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic functional
gastrointestinal disorder characterized by recurrent
episodes of abdominal pain, discomfort, and altered
bowel habits that are not explained by structural or
[1]
biochemical abnormalities . Several pathophysiological
mechanisms underlying IBS have been proposed.
According to the bio-psycho-social model of IBS,
a disturbance in intestinal motility and enhanced
visceral sensitivity interact with other factors, such as
environmental influences, parent-child interactions and
[2]
disturbed stress responses .
Because of the limited effect of pharmacothe
[3,4]
rapy , there has been increasing interest in psy
chological treatments for IBS. Two Cochrane reviews
provided evidence for the effectiveness of cognitive
behavioral therapy (CBT), interpersonal psychothe
[5]
[6]
[3]
rapy (IPT) and hypnotherapy . Another review
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primarily on pharmacological treatments, treatment
with dietary bran and complementary medicine.
PRR rates in these studies ranged from 37.5% to
[11,16-18]
47%
.
One systematic review of alternative therapies for
irritable bowel syndrome included a meta-analysis of
[19]
psychological therapies . A separate evaluation of the
results of four of the 17 included studies that used a
“true placebo group” was reported. The PRR of these
four studies was 30.4%.
This study searched the MEDLINE database for
articles published through 2001, sample sizes were
low and the IBS criteria for the inclusion of studies
were not defined. Since then, results of a number of
new studies have been published. The present study
aims to review systematically the PRR associated
with different types of placebo control interventions
in studies on psychological interventions in IBS
and compare them to the PRR of placebo control
interventions of drug trials.

symptoms and/or abdominal pain (measured with a
validated IBS questionnaire) and/or adequate relief of
abdominal pain and discomfort or satisfactory relief
of IBS symptoms as recommended by the Rome Ⅲ
classification system for the design of IBS treatment
[20]
trials .
Studies were excluded if no information on the
effectiveness of the psychological interventions was
available or if the proportion of patients in each group
with overall symptom improvement after therapy was
not reported.

Search methods to identify studies

Electronic searches: We performed a systematic
search of RCTs published from 1966 to February
2016 that were available in PubMed, Embase, the
Cochrane Library, CINAHL and PsychINFO databases.
The following search terms were used: “irritable bowel
syndrome” [MeSH] OR “colonic diseases, functional”
[MeSH: NoExp] OR “irritable bowel syndrome” [tiab]
OR “irritable bowel syndromes” [tiab] OR “irritable
colon” [tiab] OR “mucous colitis” [tiab] OR “ibs” [tiab]
OR “functional colonic disease” [tiab] OR “functional
colonic diseases” [tiab] OR “spastic colon” [tiab];
Combined with: ((cognitive[tiab] OR psychologi
cal[tiab] OR psychologic[tiab] OR psychodynamic[tiab]
OR psychoanalytic[tiab] OR “psycho analytic”[tiab] OR
stress[tiab] OR relaxation[tiab] OR conditioning[tiab]
OR “problem solving”[tiab] OR interpersonal[tiab]
OR “hypno analytic”[tiab] OR behavioral[tiab] OR
behavioural[tiab] OR behavior[tiab] OR behaviour[tiab])
AND (therapy[tiab] OR therapies[tiab] OR treat
ment[tiab] OR treatments[tiab] OR intervention[tiab]
OR interventions[tiab] OR management[tiab])) OR
(psychotherapy[tiab] OR psychotherapies[tiab] OR
psychoeducation[tiab] OR “psycho education”[tiab] OR
psychoeducational[tiab] OR psychotherapy[tiab] OR
hypnotherapy[tiab] OR hypnosis[tiab] OR hypnoses[tiab]
OR hypnotism[tiab] OR hypnoanalysis[tiab] OR
mesmerism[tiab] OR “hypno analysis”[tiab] OR
autohypnosis[tiab] OR “auto hypnosis”[tiab] OR
psychoanalyses[tiab] OR psychoanalysis[tiab] OR
“psycho analysis”[tiab] OR biofeedback[tiab]) OR
(“Behavior Therapy”[MeSH] OR “Psychoanalysis”[MeSH]
OR “Psychoanalytic Therapy”[MeSH]). No filters or limits
were used.

MATERIALS AND METHODS
Inclusion and exclusion criteria

Types of studies: Randomized controlled trials
comparing psychological interventions for the
treatment of IBS with a placebo control treatment that
were written in English and published as a full text in
a peer-reviewed journal, were eligible for inclusion.
Cross-over studies were excluded, as were studies
comparing two types of psychological therapeutic
interventions without a placebo control.
Types of participants: Studies including male or
female patients over the age of 18 years with IBS
diagnosed according to Manning or Rome Ⅰ, Ⅱ or Ⅲ
criteria were included in the analysis.
Types of interventions: In accordance with earlier
[5,6]
Cochrane reviews
, the following psychological
interventions for the treatment of IBS were considered:
stress management/relaxation therapy (cognitive)
behavioral therapy, short-term psychodynamic
therapy, and hypnotherapy.
Types of placebo treatments: Because of the
potential impact of the format of the placebo
[8]
intervention on the outcome , only studies with
placebo-controlled interventions using the same
number of sessions and therapeutic time as the active
treatment were considered to be eligible for inclusion
(For Baskin’s other criteria, see Table 1). Studies
using a waiting list, usual care, symptom monitoring
and therapeutic contact by phone or internet, were
excluded.

Data collection and analysis

Study selection: Two authors (CF and LB) reviewed
the title and abstract of each identified article to
determine the extent to which it met eligibility criteria,
such as type of study, participants, interventions,
placebo treatments and outcome measures, as
described previously. A manual search of the
references listed in the articles retrieved from the
online search was performed to identify additional
studies. The full texts of the selected articles were
then reviewed by the same authors to assess eligibility

Types of outcome measures: Studies were eligible
for inclusion if they reported improvement in IBS
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based on the same criteria. Discrepancies between the
selections made by CF and LB were resolved by a third
author (NdW).

patients in all of the studies.
Criteria for response evaluation were not available
for the secondary measures; therefore, PRRs for the
secondary outcome measures of anxiety, depression
and quality of life were calculated by setting the
response rate for these measures in the active arm
at 100% and computing the response rate in the
placebo arm as a relative percentage of the active
arm. A relative response rate > 100% indicated that
the placebo intervention was more effective than the
treatment intervention. To allow for comparison of the
PRR between the primary and secondary outcome
measures, we recalculated the rates for the primary
outcome measures in this way.
For the secondary outcome measures, the PRR
for the different types of placebo interventions were
calculated by adding up the PRR per study multiplied
with the number of patients in the placebo control
group of that study and dividing the product by the
total number of control patients in all of the studies.

Data extraction: From the resulting selection of
papers, information on the number of patients, patient
characteristics (gender, mean age, and mean duration
of illness), criteria for diagnosis (Rome Ⅰ, Rome Ⅱ,
Rome Ⅲ or Manning), treatment setting, intervention
(type, group or individual delivery format, number of
sessions, training of therapists and use of treatment/
placebo manual), placebo control (type, group or
individual delivery format, number of sessions, training
of therapists and use of treatment/placebo manual),
duration of treatment, duration of the follow-up period,
and results relating to the primary and secondary
outcome measures were extracted.
Assessment of risk of bias: The risk of bias assess
ment tool developed by the Cochrane Collaboration
[21]
for RCTs was used. The following sources of bias
can be assessed with high, low or unclear bias ratings:
adequate generation of the allocation sequence;
concealment of allocation to conditions; blinding of
participants and personnel; handling of incomplete
outcome data; and selective outcome reporting.
The percentage of patients who dropped out of the
intervention and placebo control group as well as the
results of the intention-to treat (ITT) analysis (when
provided) were added.

RESULTS
Description of studies

The literature search resulted in the identification of
5169 studies. After screening the titles and abstracts,
112 studies were potentially eligible (see the flowchart
in Figure 1). The manual search yielded no additional
studies (Figure 1).
After reviewing the full manuscripts of these
studies, 106 studies were excluded for various reasons
(see the flowchart in Figure 1), leaving six eligible
[23-28]
trials
that were included in the analysis. The
characteristics of the included studies are shown in
[21]
[24]
Table 1. Sample sizes ranged from 21
to 215 .
Patients were recruited from primary, secondary and
tertiary care institutions, although they were also
partially recruited through advertisements in three
[23-25]
studies
. The treatment setting was unclear in two
[25,27]
of the selected studies
(Table 1).
The mean age of the study populations ranged
from 31.6 to 45.5 years. The proportion of female
participants ranged from 52.4% to 100%. Only one
[26]
study reported the duration of IBS : a median of 4
years for the intervention group and 10.5 years for
the placebo group. The duration of treatment and the
placebo intervention ranged from 8 wk to 3 mo. The
duration of the follow-up period ranged from 3 mo to
12 mo.

Outcome measures

In this review, the post-treatment IBS symptom
severity scores was the primary outcome measure.
Most studies presented the results of the ITT analysis,
although only one study included the results of the per
protocol (PP) analyses. Secondary outcome measures
were improvement of symptoms of anxiety and
depression as well as quality of life. Quality of life was
recommended as an outcome measure by the Rome
Ⅲ committee, whereas anxiety and depression were
chosen as secondary outcome measures due to their
[22]
high rates of co-morbidity .

Statistical analysis

The response rate of the primary outcome measures
was calculated by dividing the percentage of patients
who responded according to the study criteria by
the number of patients in the ITT analysis or who
completed treatment. Relative placebo responses (RelPR) with 95% confidence intervals (95%CI) were
calculated as the ratio of placebo response to active
treatment response. Additionally, the mean Rel-PR
across all studies was calculated.
The weighted average PRR was calculated by
adding up the PRR per study multiplied by the number
of patients in the placebo control group of that study
and dividing the product by the total number of control

WJG|www.wjgnet.com

Quality assessment

Four of the six studies fulfilled almost all quality criteria
(Table 2).

Type of placebo interventions

Four studies used an educational program as the
[23,24,27,28]
placebo intervention
. In these studies,
educational materials were provided and discussed with
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Flowchart

CINAHL:
425

PubMed:
1359

Embase:
2515

Cochrane:
234

PsychINF:
636

5169
Screening title/abstract
exclusion
112

Manual search
112

Excluded (n = 106) because:
Placebo intervention unclear or not
consistent with inclusion criteria =
36
No RCT = 27
Inappropriate treatment = 8
Same patient group as earlier
research = 7
Full text not available = 5
Cross-over data = 5
No validated criteria for IBS
diagnosis = 4
No reported proportion of patients
with improvement of symptoms = 5
Inappropriate language = 3
Unclear treatment group size = 1
Non-usable outcome measure = 1

Randomized controlled trials
eligible for inclusion

6

Figure 1 Flowchart of studies selected. RCT: Randomized controlled trial.
[27]

Two studies on mindfulness and hypnotherapy
delivered in a group format used support therapy
[25,26]
as the placebo intervention
. In the study by
[25]
Gaylord et al
the placebo intervention sessions
were facilitated by social workers who served as group
leaders, focussing on specific predesigned topics
and promoting open group discussions. The placebo
[26]
intervention in the study by Moser et al consisted of

a therapist. In the study by Payne and Blanchard ,
individual cognitive therapy was compared to an
educational placebo intervention delivered in a group
format. The other studies compared individual CBT
(with interoceptive exposure to visceral sensations) or
[23]
[24]
stress management , individually delivered CBT
[28]
and autogenic training to an individual educational
placebo intervention.
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United States

1995

Japan

Austria

2013

2010

United States

2011

21

34

100

75

United States 215
and Canada

2003

n

United States 110

Country

2011

Year

31.6

40.1

45.5

42.7

37.3

39.4

52

85

79

100

100

74

Mean
Female
age (yr)
sex

2228

University clinic

16

4/10.5

Years of
illness

RI

RIII

RII

R1

RII

Criteria

Control

Relax

Cognitive therapy

Hypno-therapy

Mindful-ness

Psycho-educational support

Psycho-educational support

Support

Support

Cognitive-behavior- Psycho-educatioal therapy
nal support
Cognitive-behaviorPsychoal therapy
educational
support

Therapy

Therapy:
individual;
Control:
group
Individual

Group

Group

Unclear

Individual

Format

8

10

10

9

12

10

Ses-sions

Yes/unclear

Yes/unclear

Yes/yes

Yes/yes

Yes/yes

Unclear/unclear

Trained therapist
intervention/
placebo

Yes/yes

Yes/yes

Yes/no

Yes/yes

Yes/yes

Yes/yes

Protocol intervention/placebo

[25,27,28]

Secondary outcome measures: Data on anxiety were presented in five studies
, whereas data on depression were provided in three studies
. Five studies
[23-26,28]
[23,27]
[28]
assessed quality of life using the IBS-QOL or SF-36 as the outcome measure
. The relative PRR for anxiety ranged from 0%
to 267% . The relative PRR for
[27,28]
[25]
[26]
[23]
depression ranged from 6%
to 52% . For quality of life, it ranged from 20% to 125% . The relative placebo responses are presented in Table 4.
With regard to the different types of placebo interventions, after adjusting for sample size, the weighted average sizes for the educational placebo interventions were
27.8% for state anxiety, 65.1% for trait anxiety, 6% for depression and 72.7% for quality of life. For the supportive interventions, they were 27.2% for anxiety, 52%
for depression and 20.8% for quality of life.

[23,25-28]

Primary outcome measure: One of the six studies investigated the effects of two separate psychological interventions and compared them with the effect of one
[23]
placebo intervention , which brings the total number of outcomes to seven (see Table 3). All studies reported a significant reduction in IBS symptoms for at least one
of the treatment interventions. For the response rate for the primary outcome measure of the placebo and active intervention arms, see Table 3. We performed the
[23]
calculations using post-treatment figures. However, for the study by Craske et al , we used the figures at three-month follow-up because only they were reported.
[27]
[23]
Rel-PRs ranged from 0.33 (95%CI: 0.12–0.94) in the study by Payne and Blanchard to 1.1 (95%CI: 0.7-1.73) in the study by Craske . For details on the RelPRs, see Figure 2.
After adjusting for study sample size, the weighted average PRR for all studies was 41.4%. In subgroup analysis, after adjusting for study sample size, the pooled
[26]
PRR was 39.5% for the educational programs and 42.9% for the supportive interventions, including doctor’s visits .

Placebo response

Recruitment

Community advertisement;
university clinic
Community and hospital
advertisement; physician referral
in community or universitybased practices
Local advertisement; physician
care
Primary, secondary care and
university clinic
Personal physician

doctor’s visits of the same duration as the treatment.

Shinozaki[28]
2010

Gaylord
et al[25] 2011
Moser et al[26]
2013
Payne et al[27]
1995

Craske
et al[23] 2011
Drossman
et al[24] 2003

Ref.

Table 1 Descriptive statistics for characteristics of included studies
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Table 2 Risk of bias ratings for included studies
Ref.

Year

Random
sequence
generation

Allocation
concealment

Blinding of
Blinding of
participants
outcome
and personnel assessment

Craske et al[23] 2011

2011

Low

Low

Low

Drossman et al[24] 2003
Gaylord et al[25] 2011
Moser et al[26] 2013
Payne et al[27] 1995
Shinozaki[28] 2010

2003
2011
2013
1995
2010

Low
Low
Low
Unclear
Unclear

Low
Low
Low
Unclear
Unclear

Low
Low
Low
Low
High

Incomplete
outcome
data

Selective
reporting

Dropout
treatment/placebo
control (%)

ITT or PP

Low

Low

Low

ITT

Low
Low
Low
Unclear
High

Low
Low
Low
Low
Low

Low
Low
Low
Low
Low

Interoceptive
Exposure:34; Stress
Management:
36/16
13/24
6/18
0/2
0/0
0/0

ITT
ITT
PP
ITT
ITT

Possible ratings were low, high or unclear risk of bias. Studies with 2 control groups were rated twice for risk of bias because of lack of blinding (rated or
active control groups appear in parentheses). ITT indicates that the analysis was intent-to-treat (analyzed as randomized). PP: Per protocol.

Table 3 Placebo treatment and placebo response rate
Ref.

Placebo treatment

Primary
outcome
measure

Duration of
1
treatment

Follow-up

Placebo response

Treatment response

Craske et al[23] 2011

Psycho-educational support

BSS index

10 wk

3 mo

59% (13/22)

Drossman et al[24] 2003

Psycho-educational support

12 wk

37.3% (19/51)

Support group

Composite
score3
IBS-SSS

62% (29/47)1
54% (22/41)2
70% (77/110)

8 wk

3 mo

Moser et al[26] 2013

Supportive talks

IBS-IS

12 wk

12 mo

Payne et al[27] 1995

Psycho-educational support

CPSR

8 wk

3 mo

Shinozaki[28] 2010

Psycho-educational support

AR

8 wk

45.2% (17.6/39)
53.1% (20.7/39)
40.9%( 18/44)
25% (11/44)
25% (3/12)
18% (2/12)
30% (3/10)

68.8% (27.4/36)
75% (27/36)
60.8%(28/46)
54.3% (25/46)
75% (9/12)
83% (10/12)
81.8% (9/11)

Gaylord et al[25] 2011

1

Cognitive behavioral treatment; 2Stress management; 3Composite score: Mc-Gill Pain Questionnaire; IBS-QOL; satisfaction with treatment; global wellbeing. IBS: Irritable bowel syndrome; BSS: Bowel syndrome severity index; IBS-SSS: IBS-Symptom Severity Score; IBS-IS: IBS-Impact Scale; AR: Adequate
relief; CPSR: Composite primary symptom reduction.

1

Craske et al 2011 CBT
2

Craske et al 2011 SM
Drossman et al 2003
Gaylord et al 2011
Moser et al 2013
Payne and Blanchard 1995
Shinozaki 2010
Overall estimate
0

0.58

1

2

Figure 2 Relative placebo responses defined as the ratio of placebo response to active treatment response in the individual studies. The mean relative
placebo responses (Rel-PR) and 95% confidence intervals are shown. 1Cognitive behavioral treatment; 2Stress management. CBT: Cognitive behaviour therapy; CM:
Contingency management; SM: Stress management.

investigating the effect of psychological treatment on
IBS for the primary outcome varied from 25.0% to
59.0%. The pooled adjusted mean PRR was 41.4%,
which is comparable to the PRR reported in studies

DISCUSSION
Summary of findings

Our results showed that the PRR in six studies
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Table 4 Comparison of outcome measurements
Author

Symptoms

Anxiety

Depression

Quality of life

Craske
CBT-IE

Bowel Symptom Severity (BSS)

VSI

-

56%/89% = 63%

0%/44% = 0%

-

BSS

VSI

-

56%/82% = 68%

0%/23% = 0%

-

Mc Gill pain Questionnaire
2.77/4.58 = 60%
IBS-Symptom Severity Score
(IBS-SSS)
42.2/68.8 = 61%

VSI
Brief State Inventory-anxiety
1.16/5.78 = 20%
1.64/3.86 = 42%
HADS
Hospital Anxiety and Depression
Scale
0.5/3.7 = 14%
STAI (state)
STAI (trait)
FALSE
FALSE
State Trait Anxiety Inventory
(state)
STAI (trait)

Brief state inventory-depression

IBS-QOL
(FA and IF)
FA: 31/25 = 125%
IF: 9/10 = 84%
IBS-QOL
(FA and IF)
FA: 31/17 = 184%
IF: 9/14 = 64%
IBS-QOL
4.8/9.35 = 51%
IBS-QOL

0.78/1.49 = 52%

3.7/0.19 = 36%

-

SF-36

BDI

24/117.9 = 20%
-

0.4/6.3 = 6%

-

Self rating depression scale

SF-36

3.2/2.8 = 114%
4/1.5 = 267%

0.1/1.8 = 6%

Craske SM

Drossmann
Gaylord

Moser

Payne and
Blanchard

Shinozaki

IBS-Impact Scale (IBS-IS)

40.9/60.8 = 67%
Composite Primary Symptom
Reduction (CPSR)
25%/75% = 33%
Adequate Relief
Self Reported IBS Questionnaire
(SIBSQ)
30/81.8 = 37%
19.6/3.2 = 612%

(SDS)
15.5/58.2 = 27%

The percentages were calculated by dividing the treatment effect in the placebo group by the treatment effect in the intervention group and multiplying the
quotient by 100. FA: Food avoidance; IF: Interference; VSI: Visceral sensitivity index.
[16]

on pharmacological therapy (37.5%) ; medication
[18]
and dietary fibre (47%) , medication and alternative
[17]
medicine (40.7%)
and complementary medicine
[11]
(42.6%) . Our presumption that the response to
placebo interventions in studies on psychological
treatment for IBS would be greater than that to
pharmacological interventions, was not confirmed by
our results.

can increase the magnitude of placebo analgesia to
[14]
that of an active agent.” Kirsch also argued that the
placebo effect is generally dependent on the activation
of response expectancy in the patient. From this
perspective, the PRR is determined by the expectation
of and desire for symptom relief of the patient,
which is influenced by the way that the therapy is
introduced and executed by the nurse, doctor or
therapist. A positive interpersonal encounter with
affective communication and adequate information
from the health professional can positively influence the
patient’s expectations and result in an improvement in
[31]
health status . Therefore, the words that a general
practitioner uses to create expectations within the
patient are important, in both pharmacotherapy and
[32]
psychological interventions . The fact that we did
not find a difference in placebo response in our study
supports the idea that contextual factors and cognitive
and emotional changes, such as expectancy, desire
and memory play a role in the development of the
[33]
placebo response .

Explanation of findings

Compared to the placebo medication used in the
pharmacological studies, the placebo interventions
used in the psychological studies involved extensive
[10,29]
patient-professional contact. It has been proposed
that the personality of and empathy exhibited by
the therapist during the placebo intervention are
responsible for the placebo effect. Furthermore, the
more time that the therapist spends with a patient,
the greater the placebo response. Hence, one would
expect that the PRR in psychological studies would
be higher. The fact that we found comparable PRR to
those reported in pharmacological studies is obviously
inconsistent with this hypothesis. Other factors may
[30]
need to be considered. Vase et al
showed that the
combination of expected pain relief and desire for pain
relief accounted for up to 81% of the variance in the
effect of active treatment. They concluded that “adding
a verbal suggestion for pain relief in drug treatment
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Strengths and limitations

An important strength of the present study is the use
of strict inclusion criteria to define IBS, psychological
[5,6]
treatment
and placebo control conditions. Although
this approach also resulted in a small number of
studies and a relatively low number of patients,
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[30]

we consider the comparability of the format of
psychological and placebo intervention to be essential
for a valid assessment of the “true” placebo effect.

with the findings reported by Vase et al . Pain is the
main complaint of IBS patients, and almost invariably
these patients possess the hope and desire that
treatment will bring relief of their IBS-related pain.
The combination of expected pain relief and desire for
pain relief generates the largest placebo effect, and
consequently, the effect on symptom scores is likely to
be the greatest.
The relatively high PRR for anxiety in the study of
[28]
Shinozaki et al
(267%) may have been caused by
the content of the educational program, which was
completely focused on dietary education. Most IBS
patients have considerable anxiety surrounding the
potential for dietary substances to act as complaintinducing agents. A program with this content is
apparently helpful in reducing this anxiety. In the
[23]
study by Craske et al , the educational program had
a positive impact on the patients’ food avoidance.
Additionally, the effect on the Food Avoidance scale of
the IBS-QOL scale was greater than the effects in the
two treatment arms (125% and 184%). The results
of these studies suggest that it may be worthwhile to
include an educational module in IBS treatments.
[28]
In the study by Shinozaki et al , the PRR >
100% of the Self-Reported IBS Questionnaire (SIBSQ)
indicated that the placebo intervention was more
effective than the treatment intervention. It is not clear
why this study found a significant positive treatment
effect of autogenic training on the primary outcome
measure of “adequate relief” and a significant positive
effect of the placebo intervention on the primary
symptom measure SIBSQ.

Comparison to the literature

After adjusting for sample size, the pooled PR in the
[19]
previous systematic review by Spanier et al
was
30.4%. Three of the four studies included in that
analysis were excluded in this study, which involved
different inclusion and exclusion criteria. Specifically,
[34]
Blanchard et al had no strict diagnostic criteria for
[35]
IBS and Shaw et al
used usual care as the control
intervention, which was not an appropriate control
group according to our definition.
[36]
In a recent meta-analysis by Ford et al , 31
studies were included. Five of them were also included
in our review, but we excluded the remaining 26
studies for the following reasons: the IBS criteria were
not clear (2 studies) or Latimers criteria were used
(1 study); it was not a randomized controlled trial
(1 study); the intervention used was inappropriate
according to our criteria [self/management by a nurse
(1 study), not by a therapist (2 studies), by e-mail (1
study)]; or the control group did not fulfill the Baskin
criteria [symptom monitoring (7 studies), care as
usual (6 studies), waiting list (1 study), medication (1
study) or not having the same number of therapeutic
sessions (3 studies)].
It would be interesting to compare the PRR of
the psychological interventions for irritable bowel
syndrome to that in studies on psychological
interventions for other diseases. In the systematic
review entitled “Psychological Interventions for
treatment of inflammatory bowel disease” located
[37]
in the Cochrane database and published in 2011 ,
none of the control groups in the included studies met
our criteria for control groups. In a study by Keefer et
[38]
al on gut-directed hypnotherapy for ulcerative colitis
published in 2013, a control group that met our criteria
was used. The placebo rate was 40%, which was
comparable to the placebo rate found in our research.
In a systematic review published in 2005, Enck and
[12]
Klosterhalfen
compared the PRRs for functional
bowel disorders with those of non-intestinal diseases
and other organic gastrointestinal diseases. Most of the
studies focused on drug treatment. The authors stated
that the placebo effects in functional bowel disorders
were similar to those in non-intestinal diseases
(depression, pain and Parkinson’s disease) and not too
dissimilar to those in other gastrointestinal diseases
(duodenal ulcer, inflammatory bowel disease).

Conclusions and clinical implications

In conclusion, despite the more extensive patientprofessional contact, the PRR in the placebo arm of
RCTs with psychological treatment interventions is
comparable to that of RCTs on drug interventions.
This finding does not support the hypothesis that the
personality and empathy of the professional are the
main determinants of the placebo effect. Most likely,
the PR is determined to a greater extent by patientthan doctor-related factors. Particularly important
is the combination of expectations about and desire
for symptom relief, both of which are influenced by
the way that the therapy is introduced and executed.
Thus, for optimal control group comparison in studies
investigating psychological treatment for IBS, patients
in the control group should have similar expectations
from the control intervention as patients in the active
intervention arm. Therefore, future RCT’s should map
the expectations of patients in both RCT arms before
starting the intervention.
In clinical practice, the placebo response can
be used optimally by enhancing the expectations
of the patient through the provision of realistic but
positive information about the expected effect of the
treatment. The preference of patients for a certain

Secondary outcome measures

The placebo effect on the secondary outcome
measures differed considerably across studies.
However, the overall trends showed the greatest
effects on symptom scores and the smallest effects on
quality of life, anxiety and depression, which is aligned

WJG|www.wjgnet.com

2231

March 28, 2017|Volume 23|Issue 12|

Flik CE et al . Placebo effect of psychological interventions for IBS
fulfilled for the last 3 mo, with symptom onset occurring at least 6 mo prior to
the diagnosis. A placebo is defined as an activity regarded therapeutically inert
from the theoretical perspective of the therapy under examination.

treatment might be related to the expected benefit,
although it could also be the result of other contextual
factors, such as the way in which the treatment is
delivered (group versus individually). Future research
should investigate the effect of patients’ preference for
a certain treatment arm on the treatment outcome.

Peer-review

Good, well-conducted study. Suggested to add that a supportive doctorpatient relationship with empathy and listening is likely to maximize the placebo
response to pharmacological treatment, not only in IBS but also in other
disease states.
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Abstract
AIM
To perform a meta-analysis to investigate the association
between cyclooxygenase-2 (COX-2) -1195G>A gene
polymorphism and gastrointestinal cancers.
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METHODS
Publications related to the COX-2 -1195G>A gene
polymorphism and gastrointestinal cancers published
before July 2016 were retrieved from PubMed,
EMBASE, Web of Science, China Biological Medicine
Database, China National Knowledge Infrastructure,
and CQVIP Database. Meta-analysis was performed
using Stata11.0 software. The strength of the asso
ciation was evaluated by calculating the combined
odds ratios (ORs) and the corresponding 95%CIs. The
retrieved publications were excluded or included one
by one for sensitivity analysis. In addition, the funnel
plot, Begg’s rank correlation test, and Egger’s linear
regression method were applied to analyse whether the
included publications had publication bias.
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RESULTS
A total of 24 publications related to the COX-2
-1195G>A gene polymorphism were included, including
28 studies involving 11043 cases and 18008 controls.
The meta-analysis results showed that the COX-2
-1195G>A gene polymorphism significantly correlated
with an increased risk of gastrointestinal cancers,
particularly gastric cancer (A vs G: OR = 1.35; AA/AG
vs GG: OR = 1.54; AA vs GG/AG: OR = 1.43; AA vs
GG: OR = 1.80; AG vs GG: OR = 1.35). Compared to
the Caucasian population in America and Europe, the
COX-2 -1195G>A gene polymorphism in the Asian
population (A vs G: OR = 1.30; AA/AG vs GG: OR
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= 1.50; AA vs GG/AG: OR = 1.35; AA vs GG: OR =
1.71; AG vs GG: OR = 1.37) significantly increased
gastrointestinal cancer risk. The sensitivity analysis (P
< 0.05) and the false positive report probability (P <
0.2) confirmed the reliability of the results.

synthesis
and is closely associated with the
[7]
development of malignant tumours . COX-2 is
localized in the nuclear membrane under physiological
conditions and can be expressed in the cytoplasm and
nucleus of corresponding tissues after inflammatory
stimulation to participate in inflammatory reactions
and promote the formation of a tumour inflammatory
[8]
microenvironment . A larger amount of literature
confirmed that a high COX-2 expression level was
present in many malignant tumours, including breast
cancer, lung cancer, liver cancer, and nasopharyngeal
carcinoma. The high COX-2 expression level was not
only an early event of the development of malignant
tumours but was also directly correlated with the
infiltration degree, lymph node metastasis, TNM stage,
[9-11]
and patient prognosis
. Further studies indicated
that the intracellular localizations of COX-2 in tumour
[12]
cells of different tissues types were different . COX-2
was highly expressed in gastric cancer and colorectal
cancer cells; in addition, COX-2 was expressed in
[13]
macrophages and fibroblasts in tumour tissues .
These results indicated that COX-2 expression
gradually increases during the process of malignant
transformation of precancerous lesions into malignant
tumours, suggesting that COX-2 is involved in the
developmental process of gastric cancer and colorectal
cancer; however, the specific mechanism is still not
clear.
The COX-2 gene is localized at q25.2-25.3 of
chromosome 1 and contains 10 exons and 9 introns
with a total length of approximately 8.3 kb. COX-2
is a rapid-response gene to various factors, such
as inflammatory factors, tumourigenic factors,
injury, and growth factors, all of which can induce
[14,15]
its rapid expression
. There have been already
many published studies on the association between
COX-2 gene polymorphisms and susceptibility to
gastrointestinal cancers. It is generally considered
that COX-2 -765G>C and COX-2 -8473T>C gene
mutations are closely associated with the development
[16,17]
of gastrointestinal cancers
. However, the asso
ciation between COX-2 -1195G>A and gastric and
colorectal cancers is still unclear. Because the COX-2
gene has larger distribution differences in populations
of different ethnicities and different regions and the
sample size in a single study is limited, this association
cannot be entirely explained. Given the current
controversial study results, we aimed to perform a
meta-analysis to confirm the association between the
COX-2 -1195G>A polymorphism and susceptibility to
gastric and colorectal cancers.

CONCLUSION
The results showed that the COX-2 -1195G>A gene
polymorphism might be a potential risk factor for
gastrointestinal cancers. Further validation by a large
homogeneous study is warranted.
Key words: COX-2; -1195G>A; Polymorphism; Metaanalysis; Gastrointestinal cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To explore the association of the cyclo
oxygenase-2 (COX-2) (-1195G>A) polymorphism with
gastrointestinal cancers, we conducted this retrospective
study. According to this meta-analysis, we discovered
that the COX-2 (-1195G>A) polymorphism may be
a risk factor for gastrointestinal cancers and may
increase the risk of gastrointestinal cancers in the Asian
population. Furthermore, we applied a false-positive
report probability to make the results more credible.
Our findings indicated that focusing on the COX-2
(-1195G>A) polymorphism to prevent gastrointestinal
cancers may be viable.
Zhang XW, Li J, Jiang YX, Chen YX. Association between
COX-2 -1195G>A polymorphism and gastrointestinal cancer risk:
A meta-analysis. World J Gastroenterol 2017; 23(12): 2234-2245
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i12/2234.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i12.2234

INTRODUCTION
Gastrointestinal cancers have high morbidity and
mortality worldwide, with most cases being gastric
[1,2]
cancer and colorectal cancer . Because currently
there is still no effective early diagnosis method,
patients are often diagnosed at a middle or late stage;
even after treatment, their quality of life and survival
[3]
time are still significantly affected . Improving the
early diagnosis and treatment of gastric cancer
and colorectal cancer has important significance in
[4,5]
the prognosis of patients
. Therefore, studying
pathogenic mechanisms of tumours, clarifying the
molecular mechanism, discovering “key” molecular
markers of tumours, and predicting cancer risk in a
timely fashion are key to the prevention, diagnosis,
and molecular targeted therapy of gastric cancer and
colorectal cancer.
Previous studies have shown that cyclooxygenase-2
(COX-2) is a rate-limiting enzyme of prostaglandin
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MATERIALS AND METHODS
Retrieval strategy

We performed retrieval using the MeSH terms of (COX-2
-1195G>A or COX-2 -1195G>A) and (gastrointestinal or
colorectal or colon or rectal or stomach or gastric) and
(cancer or tumour or carcinoma) and (polymorphism or
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following information: first author, publication year,
country, tumour type, sources of the control group,
matching criteria, genotyping method, genotype
distribution in the case group and the control
group, and the Hardy-Weinberg equilibrium (HWE)
examination result of the control group. If the data
extraction results were inconsistent, a third party was
consulted to reach a consensus.
The included publications were scored using
[18,19]
the predetermined criteria
. These criteria were
extracted and modified from previous studies (Table 1).
The quality evaluation scale was used to evaluate the
included studies from six aspects: representativeness
of cases, source of controls, case-control match,
specimens used for determining genotypes, HWE,
and total sample size. The scores ranged from the
lowest, 0 points, to the highest, 18 points. Publications
with a score < 12 were classified as “low quality” and
publications with a score ≥ 12 were classified as “high
quality.”

Table 1 Quality evaluation scale of the included literature
Criterion

Score

Representativeness of cases
Selected from population or cancer registry
Selected from hospital
Selected from pathology archives, but without description
Not described
Source of controls
Population-based
Blood donors or volunteers
Hospital-based (cancer-free patients)
Not described
Case-control match
Matched by age and gender
Not matched by age and gender
Specimens used for determining genotypes
White blood cells or normal tissues
Tumor tissues or exfoliated cells of tissue
Hardy-Weinberg equilibrium (HWE)
Hardy-Weinberg equilibrium in control subjects
Hardy-Weinberg disequilibrium in control subjects
Total sample size
> 1000
> 500 and < 1000
> 200 and < 500
< 200

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

Statistical analysis

The OR and 95%CI were used as the effective index
of the study. P < 0.05 indicated that the difference
was statistically significant. Five genetic models,
including allele model (A vs G), dominant model
(AA/AG vs GG), recessive model (AA vs GG/AG),
homozygous model (AA vs GG), and heterozygous
model (AG vs GG), were compared. The statistical
significance of combined OR values were examined
using the Z test, and the significance level was set
2
at 0.05 (bilateral). The χ test was used to evaluate
whether the genotypes in the control group conformed
to HWE. The Cochrane Q test was performed to
[20]
analyse the heterogeneity among studies . P < 0.10
was considered significantly different. In addition, the
2
I value was combined to quantitatively evaluate the
2
level of heterogeneity. The I values were between
0% and 100%; when the value was larger, the
heterogeneity was higher. When the heterogeneity
2
examination result showed P < 0.10 or I > 50%, the
[21]
random effects model (DerSimonian-Laird method)
was used to perform the analysis; otherwise, the
[22]
fixed effects model (Mantel-Haenszel method)
was
used. The included studies were deleted one by one
to perform sensitivity analysis to examine the effect
of a single study on the total combined effect size.
Whether the included literature had publication bias
[23]
was analysed through the funnel plot , Egger’s linear
[24]
regression method , and Begg’s rank correlation
[25]
test . The meta-analysis was performed using
Stata11.0 software.
[26]
The method reported by Wacholder et al was used
to analyse the false positive report probability (FPRP) of
each significant correlation. A prior probability of 0.001
was set to detect an OR of 1.5. When the FPRP value
was lower than 0.2, the correlation was noteworthy. The
statistical power and FPRP value were calculated using

SNP or variant or mutation) in the following databases:
PubMed, EMBASE, Web of Science, China Biological
Medicine Database, China National Knowledge
Infrastructure, and CQVIP Database. The relevant
studies in China and other countries were retrieved. The
retrieval period was between the establishment of the
databases and July 2016. Relevant conference papers
were manually retrieved from the journal database of
the Third Military Medical University library.

Inclusion criteria

The included literature in this study met the following
criteria: (1) studies about the COX-2 -1195G>A gene
polymorphism and susceptibility to gastrointestinal
cancers; (2) case-controlled or cohort studies; (3)
gastrointestinal cancer patients as the case group; and
(4) enough genotype data to calculate odds ratios (ORs)
and corresponding 95% confidence internals (CIs).

Exclusion criteria

The exclusion criteria were as follows: (1) the
study topic of the article was not about the COX-2
-1195G>A gene polymorphism and susceptibility to
gastrointestinal cancers; (2) the studies were not casecontrolled or cohort studies; (3) abstracts, reviews,
case reports, or repetitively published articles; and
(4) the study data were not complete or the raw data
could not be obtained.

Data extraction and quality evaluation

The data were independently extracted by two
researchers (Xiao-Wei Zhang, Jun Li) using the unified
data table. The major extracted data included the
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Meta-analysis results

378 records identified
though database search

The ORs of different comparisons and the hetero
geneity examination results are shown in Table 3.
The results showed that COX-2 -1195G>A gene
polymorphism in all of the genetic models (A vs G:
OR = 1.54; AA/AG vs GG: OR = 1.24; AA vs GG/AG:
OR = 1.16; AA vs GG: OR = 1.31; AG vs GG: OR =
1.18) had a significant correlation with susceptibility
to gastrointestinal cancers. However, when the predetermined prior probability was below 0.001, all of
the FPRP values were higher than 0.2. This result
indicated that the association was not noteworthy.
The subgroup analysis was performed based on
tumour types (Figure 2). In the gastric cancer group
(A vs G: OR = 1.35; AA/AG vs GG: OR = 1.54; AA
vs GG/AG: OR = 1.43; AA vs GG: OR = 1.80; AG vs
GG: OR = 1.35), the results showed that the COX-2
-1195G>A gene polymorphism was significantly
correlated with cancer susceptibility. Analysis of FPRP
in the gastric group showed that the value in the AA
vs GG/AG model (FPRP = 0.174) was lower than 0.2,
indicating that the result was noteworthy. However,
the COX-2 -1195G>A gene polymorphism was not
significantly correlated with susceptibility to colorectal
cancer.
When subgrouping based on ethnicity (Figure 3),
in the Asian population (A vs G: OR = 1.30; AA/AG vs
GG: OR = 1.50; AA vs GG/AG: OR = 1.35; AA vs GG:
OR = 1.71; AG vs GG: OR = 1.37), COX-2 -1195G>A
could significantly increase the risk of developing
gastrointestinal cancers. In addition, in the A vs G
model (FPRP = 0.069), AA/AG vs GG model (FPRP =
0.167) and AA vs GG model (FPRP = 0.093), the FPRP
values were lower than 0.2, indicating that the analytic
results were stable and reliable. The results did not
show a significant correlation between the COX-2
-1195G>A gene polymorphism and gastrointestinal
cancer susceptibility in the Caucasian and mixed
populations.
The subgroup analysis based on the sources of the
control group showed that, in the studies based on
populations from communities (A vs G: OR = 1.16;
AA/AG vs GG: OR = 1.26; AA vs GG/AG: OR = 1.19;
AA vs GG: OR = 1.35; AG vs GG: OR = 1.19), the
COX-2 -1195G>A gene polymorphism significantly
correlated with gastrointestinal susceptibility. The
FPRP value in the A vs G model was lower than 0.2,
indicating that the correlation was noteworthy. For
studies based on populations from hospitals, none of
the genetic models showed a correlation with intestinal
cancers.
The subgroup analysis using the quality evaluation
scores showed that, in the high quality studies (A vs
G: OR = 1.15; AA/AG vs GG: OR = 1.25; AA vs GG/
AG: OR = 1.19; AA vs GG: OR = 1.34; AG vs GG: OR
= 1.19), the COX-2 -1195G>A gene polymorphism
correlated with susceptibility to the development of

302 records screened after excluding duplicates
216 records excluded on
screening of title/abstract
86 relevant records identified
for further review

2 records from
reference list

88 records reviewed in full text
64 records excluded because of the following
reasons:
Non-case-control or non-cohort study (n = 27)
Not related to gastrointestinal cancer (n = 22)
Abstracts and reviews (n = 14)
Duplicate data (n = 1)
24 studies included in
this meta-analysis

Figure 1 Flow chart of literature inclusion and exclusion.
[26]

the Excel spreadsheet provided by Wacholder et al

.

RESULTS
Literature retrieval results

A total of 378 relevant publications were retrieved.
After repetitive publications were excluded, there were
302 publications. Literature screening was performed
according to the inclusion and exclusion criteria. Based
on titles and abstracts, 216 publications that were
irrelevant to the study topic were excluded. After
abstracts and the full texts were further carefully read,
64 publications were excluded (27 publications of noncase-controlled and cohort studies, 22 publications
irrelevant to gastrointestinal cancers, 14 publications
of abstracts and reviews, and 1 repeatedly published
article). Based on the references of the included
literature, 2 more publications were obtained. A total of
24 publications were finally included, involving 11,043
cases and 18,008 controls (Figure 1).

Characteristics of the included studies

[27-49]

Among the 24 included publications (Table 2
), 11
were reports on gastric cancer and 13 on colorectal
cancer; 14 were studies in Asian populations, 8 in
Caucasian populations, and 2 in mixed populations.
The HWE examination results of the distribution of
genotypes in the control group are shown in Table
2. Among the 24 publications, the distribution of
genotypes in the control groups of 19 publications
conformed to HWE. The quality score of a single study
ranged from 7 to 18. There were 19 publications of
high quality studies (≥ 12).
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Table 2 Baseline information of the included studies
Ref.

Year

Country

Type of
cancer

Source of Matching
controls
criteria

Genotyping
method

AA

AG

GG

AA

AG

GG

HWE

Quality
score

DHPLC
PCR-RFLP

88
127

116
59

44
10

375
243

771
128

PCR-RFLP

283

132

19

422

PB
PB

NA
Age, sex,
center
Age, sex,
center
Age, sex
Age, sex

377
20

0.626
0.558

14
17

226

41

0.149

18

PCR-RFLP
PCR-RFLP

74
320

132
502

48
178

79
308

163
692

62
300

0.187
0.020

16
14

PB

Sex

Taqman

230

116

13

482

258

25

0.177

15

HB

Age, sex

PCR-RFLP

213

101

12

232

124

13

0.471

14

PB

NA

Taqman

275

138

9

297

168

15

0.131

14

HB

NA

PCR-RFLP

70

43

4

177

73

6

0.634

10

PB
PB
PB
PB
PB
PB

Age, sex
Age, sex
Age, sex
NA
NA
NA

PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP

107
113
49
98
32
77

184
175
87
145
54
216

32
69
19
53
14
50

256
241
51
73
37
62

513
527
133
166
41
184

175
217
53
80
22
94

0.004
0.027
0.059
0.461
0.107
0.09

14
14
15
14
12
12

PB

NA

587

313

47

1126

560

61

0.397

15

HB

NA

KASP™
genotyping
PCR-RFLP

116

248

87

179

336

114

0.045

9

PB

Taqman

910

455

57

1198

509

67

0.162

17

Taqman

619

287

33

958

496

63

0.905

17

Taqman

376

185

20

509

237

29

0.829

17

Taqman

338

138

21

558

249

20

0.206

17

PB

Age,
location,
sex
Age,
location,
sex
Age,
location,
sex
Age,
location,
sex
NA

PCR-RFLP

34

67

29

39

53

28

0.232

12

HB

NA

Taqman

143

85

15

323

133

16

0.614

11

PB

NA

KBioscience

110

24

2

209

114

11

0.337

12

PB
HB
PB
HB

Age, sex
NA
Age, sex
NA

Taqman
PCR-RFLP
PCR-RFLP
Taqman

86
69
39
85

137
39
71
103

55
25
26
32

74
27
31
106

137
35
65
139

57
72
25
43

0.664
0.000
0.397
0.815

16
7
15
9

Liu et al[27]
Siezen et al[28]

2006
2006

Siezen et al[28]

2006

Jiang et al[29]
Tan et al[30]

2007
2007

Andersen et al[31]

2009

Hoff et al[32]

2009

Thompson et al[33]

2009

Pereira et al[34]

2010

Zhang et al[35]
Zhang et al[36]
Jing et al[37]
Li et al[38]
Shin et al[39]
Zhang et al[40]

2011
2011
2012
2012
2012
2012

Andersen et al[41]

2013

Li et al[42]

2013

Makar et al[43]

2013

Makar et al[43]

2013

United
States

Colorectal
cancer

PB

Makar et al[43]

2013

United
States

Colorectal
cancer

PB

Makar et al[43]

2013

United
States

Colorectal
cancer

PB

Ruan et al[44]

2013

China

Pereira et al[45]

2014

Vogel et al[46]

2014

Gao et al[47]
Lu et al[17]
Tao et al[48]
Zamudio et al[49]

2015
2015
2015
2016

China
Gastric cancer
Netherland Colorectal
cancer
Netherland Colorectal
cancer
China
Gastric cancer
China
Colorectal
cancer
Denmark
Colorectal
cancer
Netherland Colorectal
cancer
United
Colorectal
States
cancer
Portugal
Colorectal
cancer
China
Gastric cancer
China
Gastric cancer
China
Gastric cancer
China
Gastric cancer
Korea
Gastric cancer
China
Colorectal
cancer
Denmark
Colorectal
cancer
China
Colorectal
cancer
United
Colorectal
States
cancer

Colorectal
cancer
Portugal
Colorectal
cancer
Norseland
Colorectal
cancer
China
Gastric cancer
China
Gastric cancer
China
Gastric cancer
Peru
Gastric cancer

PB
PB
PB

Cases

Controls

HWE: Hardy-Weinberg equilibrium; PB: Population-based; HB: Hospital-based; DHPLC: Denaturing high performance liquid chromatography; PCRRFLP: Polymerase chain reaction-restriction fragment length polymorphism; NA: Not available.

gastrointestinal cancers. However, the FPRP analytic
values were all higher than 0.2, indicating that the
analytic results were not stable. In low quality studies,
the COX-2 -1195G>A gene polymorphism did not have
a significant correlation with gastrointestinal cancers.
Furthermore, the subgroup analysis based on
different genotyping methods showed that, in the
studies using the Restriction Fragment Length
Polymorphism Analysis of PCR-Amplified Fragments
(PCR-RFLP) genotyping method (A vs G: OR =

WJG|www.wjgnet.com

1.23; AA/AG vs GG: OR = 1.46; AA vs GG/AG: OR
= 1.24; AA vs GG: OR = 1.58; AG vs GG: OR =
1.35), the COX-2 -1195G>A gene polymorphism
significantly correlated with gastrointestinal cancer
susceptibility. However, the FPRP analysis showed that
the evidence of the real correlation of positive results
was not sufficient. For genotyping using Taqman
and other technologies, the COX-2 -1195G>A gene
polymorphism in none of the genetic models was
significantly correlated with intestinal cancers.
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0.000

0.000
0.000

0.000
0.000
0.612

0.000
0.000

0.000
0.000

0.000
0.049
0.000

1.15 (1.04, 1.26)1

1.35 (1.14, 1.59)1
1.04 (0.94, 1.15)

1.30 (1.14, 1.48)1
1.00 (0.89, 1.11)
1.10 (0.93, 1.31)

1.16 (1.06, 1.25)1
1.12 (0.75, 1.67)

1.15 (1.06, 1.25)1
1.13 (0.68, 1.86)

1.23 (1.08, 1.40)1
0.99 (0.90, 1.08)
1.36 (0.86, 2.17)

28

11
17

14
12
2

22
6

23
5

16
9
3

0.633
0.999
0.997

0.504
0.999

0.09
0.998

0.069
0.999
0.997

0.266
0.998

0.73

1.46 (1.19, 1.78)1
0.97 (0.82, 1.15)
1.16 (0.58, 2.31)

1.25 (1.09, 1.44)1
1.17 (0.56, 2.45)

1.26 (1.09, 1.45)1
1.14 (0.60, 2.15)

1.50 (1.23, 1.84)1
0.91 (0.76, 1.08)
1.13 (0.74, 1.73)

1.54 (1.20, 1.96)1
1.05 (0.87, 1.28)

1.24 (1.06, 1.45)1

OR (95%CI)

0.000
0.428
0.008

0.004
0.000

0.003
0.000

0.000
0.360
0.466

0.000
0.002

0

Ph

0.231
0.999
0.999

0.667
0.999

0.559
0.999

0.167
0.996
0.998

0.519
0.998

0.876

FPRP

Recessive model

1.24 (1.06, 1.46)1
0.99 (0.89, 1.11)
1.52 (0.84, 2.75)

1.19 (1.07, 1.32)1
1.09 (0.65, 1.81)

1.19 (1.07, 1.33)1
1.08 (0.72, 1.63)

1.35 (1.14, 1.60)1
1.01 (0.89, 1.15)
1.13 (0.91, 1.40)

1.43 (1.18, 1.72)1
1.04 (0.93, 1.18)

1.16 (1.04, 1.30)1

OR (95%CI)
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0.909
0.999
0.997

0.502
0.999

0.685
0.999

0.376
0.999
0.996

0.174
0.998

0.914

FPRP

1.58 (1.23, 2.02)1
0.97 (0.79, 1.19)
1.40 (0.55, 3.53)

1.34 (1.12, 1.59)1
1.17 (0.48, 2.88)

1.35 (1.13, 1.61)1
1.15 (0.54, 2.45)

1.71 (1.33, 2.18)1
0.91 (0.74, 1.11)
1.20 (0.76, 1.88)

1.80 (1.36, 2.39)1
1.05 (0.83, 1.32)

1.31 (1.08, 1.59)1

OR (95%CI)

Ph

0.000
0.268
0.000

0.000
0.000

0.000
0.000

0.000
0.186
0.482

0.000
0.000

0.000

(AA vs GG)

Homozygous comparison

0.436
0.999
0.999

0.469
0.999

0.488
0.999

0.093
0.997
0.998

0.318
0.999

0.873

FPRP

1.35 (1.14, 1.60)1
0.98 (0.82, 1.17)
0.99 (0.62, 1.57)

1.19 (1.04, 1.35)1
1.16 (0.71, 1.90)

1.19 (1.04, 1.36)1
1.12 (0.73, 1.71)

1.37 (1.15, 1.62)1
0.92 (0.77, 1.09)
1.09 (0.69, 1.70)

1.35 (1.11, 1.65)1
1.06 (0.90, 1.25)

1.18 (1.04, 1.34)1

OR (95% CI)

0.014
0.669
0.118

0.038
0.011

0.031
0.021

0.007
0.749
0.534

0.038
0.060

0.007

Ph

(AG vs GG)

0.376
0.999
0.999

0.873
0.998

0.914
0.998

0.213
0.997
0.999

0.799
0.998

0.915

FPRP

Heterozygous comparison

In addition to environmental factors, the risk of cancer is also closely associated with the genetic susceptibility of an individual. Previous genetic studies indicated that
gene mutations of some inducible enzymes were closely associated with various diseases, including malignant tumours and congenital malformations. These inducible
enzymes change the gene expression levels and interfere with signal transduction pathways to inhibit protein synthesis and cause mRNA instability, thus achieving
the purpose of changing the encoded proteins and inducing the presence of disease events. Currently, the influences of genes and genetics on the occurrence and
development of gastrointestinal cancers are similar to other important factors, such as smoking, drinking, eating habits and geographical environment. Genes and

DISCUSSION

The funnel plot, Begg’s rank correlation test, and Egger’s linear correlation were used to evaluate publication bias. The funnel plots of all of the models with a correlation
between the COX-2 -1195G>A gene polymorphism and gastrointestinal cancers did not have significant asymmetry. In the AA/AG vs GG model, the Begg’s rank correlation
test showed P = 0.489 and the Egger’s linear correlation methods showed P = 0.690; they both suggested that there was no significant publication bias (Figure 6).

Publication bias

The present study performed sensitivity analysis through gradual deletion of the included studies one by one. The OR value of the combined effect did not have a
significant change, indicating that the analytic results were stable and reliable (Figure 4). A cumulative analysis based on the chronological order showed that the OR
point estimate value and the corresponding CI trended to become stable and showed a good changing trend (Figure 5).

Sensitivity analysis and cumulative analysis

0.000
0.063
0.000

0.000
0.000

0.000
0.000

0.000
0.000
0.781

0.002
0.000

0.000

Ph

(AA vs GG/AG)

OR with statistical significance. n: Number of studies included; Ph: P value for heterogeneity; FPRP: False positive report probability.

1

Total
Type of cancer
Gastric cancer
Colorectal cancer
Ethnicity
Asian
Caucasian
Mixed
Source of controls
PB
HB
Study quality
High (> 9)
Low (≤ 9)
Genotyping method
PCR-RFLP
Taqman
Other technologies

FPRP

(AA/AG vs GG)

(A vs G)

Ph

Dominant model

Allele model

OR (95%CI)

n

Table 3 Stratified analyses of the COX-2 -1195G>A polymorphism with risk of gastrointestinal cancers
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Study

%

ID

OR (95%CI)

Weight

Gastric cancer
Liu (2006)
Jiang (2007)
Zhang (2011)
Zhang (2011)
Jing (2012)
Li (2012)
Shin (2012)
Gao (2015)
Lu (2015)
Tao (2015)
Zamudio (2016)
2
Subtotal (I = 68.8%, P = 0.000)

1.53
1.10
2.07
1.18
2.06
1.53
1.73
1.10
5.02
1.10
1.03
1.54

Colorectal cancer
Siezen (2006a)
Siezen (2006b)
Tan (2007)
Andersen (2009)
Hoff (2009)
Thompson (2009)
Pereira (2010)
Zhang (2012)
Andersen (2013)
Li (2013)
Makar (2013a)
Makar (2013b)
Makar (2013c)
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Figure 2 Forest plot of the stratified analysis of the COX-2 -1195G>A dominant model (AA/AG vs GG) and susceptibility to gastrointestinal cancers in
different tumour types.

genetics have gradually become the hotspots of studies
on the pathogenic mechanism of gastrointestinal
[50,51]
cancers
.
COX-2 overexpression can influence the tumouri
genic gene features of tumour cells, including induction
of anti-apoptosis, regulation of extracellular matrix
adhesion, promotion of angiogenesis, increase of
metastatic potential, and influence of anti-tumour
[52-54]
effects
. Recent studies showed that the COX-2
-1195G>A gene polymorphism generated a c-MYB
binding site, thus increasing the transcription activity of
the COX-2 gene. c-MYB is an active transcription factor
in the haematopoietic system and gastrointestinal
tract. c-MYB functions on many genes to regulate the
exquisite balance between cell division, differentiation
[55]
and survival , which further confirms that the
COX-2 -1195G>A polymorphism might increase
susceptibility of individuals to gastrointestinal cancers.
However, there were also reports showing that this
polymorphism could reduce the risk of developing
[32]
gastric cancer and colorectal cancer . To clarify this
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association, we included all case-controlled or cohort
studies that met the inclusion criteria to evaluate the
correlation using a meta-analysis.
Our study included 24 publications, including 11
gastric cancer publications and 13 colorectal cancer
publications. A total of 11,043 cases in the case group
and 18,008 cases in the control group were included.
The overall meta-analysis results showed that the
COX-2 -1195G>A gene in all of the genetic models (A
vs G: OR = 1.54, 95%CI: 1.04-1.26, P < 0.001; AA/
AG vs GG: OR = 1.24, 95%CI: 1.06-1.45, P < 0.001;
AA vs GG/AG: OR = 1.16, 95%CI: 1.04-1.30, P <
0.001; AA vs GG: OR = 1.31, 95%CI: 1.08-1.59, P <
0.001; AG vs GG: OR = 1.18, 95%CI: 1.04-1.34, P =
0.007) was associated with a high risk of developing
gastrointestinal cancers. The results of the publication
bias and sensitivity analysis also increased the
reliability of the association.
The differences in ethnicity, sources of the
control population, environmental factors, and the
tumour types can all change the risk of developing

2240

March 28, 2017|Volume 23|Issue 12|

Zhang XW et al . COX-2-1195G>A polymorphism and gastrointestinal cancers
Study

%

ID

OR (95%CI)

Weight

Asian
Liu (2006)
Jiang (2007)
Tan (2007)
Zhang (2011)
Zhang (2011)
Jing (2012)
Li (2012)
Shin (2012)
Zhang (2012)
Li (2013)
Ruan (2013)
Gao (2015)
Lu (2015)
Tao (2015)
2
Subtotal (I = 70.8%, P = 0.000)

1.53
1.10
1.39
2.07
1.18
2.06
1.53
1.73
2.24
0.93
1.06
1.10
5.02
1.10
1.50

Caucasian
Siezen (2006a)
Siezen (2006b)
Andersen (2009)
Hoff (2009)
Pereira (2010)
Andersen (2013)
Makar (2013a)
Makar (2013b)
Makar (2013c)
Makar (2013d)
Pereira (2014)
Vogel (2014)
2
Subtotal (I = 8.7%, P = 0.360)

1.00 (0.46, 2.19)
1.38 (0.79, 2.41)
0.90 (0.45, 1.78)
0.96 (0.43, 2.12)
0.68 (0.19, 2.45)
0.69 (0.47, 1.02)
0.94 (0.66, 1.35)
1.19 (0.77, 1.83)
1.09 (0.61, 1.95)
0.56 (0.30, 1.05)
0.53 (0.26, 1.10)
2.28 (0.50, 10.43)
0.91 (0.76, 1.08)

2.44
3.46
2.84
2.36
1.19
4.48
4.66
4.22
3.34
3.12
2.66
0.90
35.68

1.48 (0.64, 3.42)
1.03 (0.63, 1.69)
1.13 (0.74, 1.73)

2.23
3.82
6.05

1.24 (1.06, 1.45)

100.00

Mixed
Thompson (2009)
Zamudio (2016)
2
Subtotal (I = 0.0%, P = 0.466)

(1.08,
(0.72,
(1.13,
(1.39,
(0.87,
(1.17,
(1.04,
(0.83,
(1.53,
(0.68,
(0.59,
(0.72,
(2.89,
(0.60,
(1.23,

2.16)
1.67)
1.70)
3.09)
1.60)
3.64)
2.27)
3.62)
3.28)
1.26)
1.91)
1.66)
8.71)
2.03)
1.84)

4.75
4.28
5.59
4.40
5.03
3.40
4.47
2.60
4.52
4.98
3.28
4.31
3.49
3.17
58.28

2

Overall (I = 65.6%, P = 0.000)
NOTE: Weights are from random effects analysis
0.0958

1

10.4

Figure 3 Forest plot of stratified analysis of the COX-2 -1195G>A dominant model (AA/AG vs GG) and gastrointestinal cancer susceptibility in different
populations.

gastrointestinal diseases through the geneenvironment interaction. Therefore, the present
study performed subgroup analysis based on the
different specific conditions of all of the studies. In
the classification of tumour types, the results showed
that the COX-2 -1195G>A gene in the AA/AG vs GG
model had a clear correlation with the gastric cancer
susceptibility but did not have a significant correlation
with colorectal cancer, suggesting that this genotype
might be a very important predisposing factor for
gastric cancer. This result was also similar to the
reported results in some literature. In addition, the
subgroup analysis based on the ethnicity of the study
population showed that the mutation frequency of
this polymorphism in the Asian gastrointestinal cancer
population was higher than that in the Caucasian
population in America and Europe, suggesting that the
presence of the COX-2 -1195G>A gene polymorphism
might greatly increase susceptibility of the Asian

WJG|www.wjgnet.com

population, as represented by Chinese and Korean
populations, to gastrointestinal cancers. For the mixed
population from America, there were only two reports
on its association with gastrointestinal cancers. This
result was not sufficient to explain the issue, and studies
with a larger sample size are needed to confirm its
reliability. The subgroup analysis based on the sources
of the control population showed that an increase
in the risk of developing gastrointestinal cancers in
the population from communities had a statistical
correlation with the COX-2 -1195G>A polymorphism;
however, this correlation in the population from
hospitals was not statistically significant. These results
suggested that, in the selection of the sources of
controls, the hospital population was restricted by their
diseases and medications; therefore, the genotyping
results might be affected. Thus, samples from the
community population were more representative
than those from hospitals and relevant studies should
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Figure 4 Analysis of the influence of a single study on the total combined OR in the dominant model (AA/AG vs GG).

try to select those from the community population
as a control group. Furthermore, we also performed
subgroup analysis based on genotyping methods and
found that the statistical results among subgroups had
clear differences. The differences might be because the
different detection methods had different theoretical
bases. To make the positive rate of our analytic results
more real and reliable, we performed FPRP and
found that the correlation of the COX-2 -1195G>A
polymorphism in the gastric cancer recessive model
(FPRP = 0.174), the allele model of the Asian
population (FPRP = 0.069) and the linear model (FPRP)
all passed the FPRP test. These results suggested that
the correlation of these two aspects had very strong
reliability and the authenticity was further confirmed.
The present study had some limitations. First,
during overall and subgroup analyses, we found that
there was moderate heterogeneity among samples.
Although we tried to resolve this issue and used
FPRP to increase the reliability of the study results,
the exact source of the heterogeneity still could not
be completely explained. The present study also
revealed that the heterogeneity was not from a single
study. The differences in the distribution of the gene
polymorphism frequency among ethnic groups and
other unknown factors might be the real sources of
the heterogeneity. Because gastrointestinal cancers
are influenced by many factors, comprehensive study
and analysis should be performed in the future by
combining these factors, such as diet, living habits, and
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environmental exposure. Next, due to the restriction
of the sample size and disease types in the included
literature, we did not retrieve similar literature reports
on other gastrointestinal cancers other than gastric
cancer and colorectal cancer, and their association
with the COX-2 -1195G>A gene polymorphism could
not be clarified. Third, the present study is a metaanalysis based on the reported data of the included
literature. The unreasonable data in the original
studies could not be corrected and possible potential
confounding factors, such as age, gender, ethnicity,
specific living habits, and smoking and drinking habits,
might be present. Fourth, all of the included literature
was published in Chinese or English; relevant studies
written in other languages may have been missed.
Only including Chinese and English literature was also
a reason that the sample size was not large enough,
which might result in the presence of false-negative
results. In addition, this meta-analysis only included
published literature, and there are some relevant,
important unpublished studies, which might cause a
potential publication bias.
In summary, we demonstrate that the AA genotype
in the COX-2 -1195G>A gene polymorphism might be
an important predisposing factor for gastrointestinal
cancers compared to the AG or GG phenotypes,
especially for gastric cancer. In addition, compared
to the included studies on American and European
Caucasian populations, COX-2 -1195G>A increased
susceptibility of the Asian population to gastrointestinal
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Figure 5 Cumulative meta-analysis of the COX-2 -1195G>A polymorphism and gastrointestinal cancer susceptibility in the dominant model (AA/AG vs
GG).
malignant tumours and is highly expressed in gastric cancer and colorectal
cancer cells. Many studies have investigated the association between the
COX-2 -1195G>A gene polymorphism and gastrointestinal cancers; however,
the results are inconsistent.

Begg's funnel plot with pseudo 95%CI
2
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The COX-2 gene is a very important tumour-related gene with multiple SNPs.
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Figure 6 Begg’s funnel plot of the publication bias in the COX-2 -1195G>A
dominant model (AA/AG vs GG).

Applications

This report may present a novel site for the prevention, diagnosis, and
molecular targeted therapy of gastric cancer and colorectal cancer.

cancer. In the future, studies with larger sample sizes,
more rational design, and more disease types should
be performed to validate our conclusion, which can
more clearly clarify the association between the COX-2
-1195G>A gene polymorphism and gastrointestinal
cancers.

Terminology

The false positive report probability (FPRP), which is the probability of no
true association between a genetic variant and disease given a statistically
significant finding, depends not only on the observed P-value but also on both
the prior probability and the statistical power of the test.
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Focal dermal hypoplasia (FDH) is a rare disorder of the
mesodermal and ectodermal tissues. Here we present
an eight-year-old female known to have FDH who
presents with poor weight gain and dysphagia. She was
diagnosed with multiple esophageal papillomas and
eosinophilic esophagitis. She was successfully treated
with argon plasma coagulation and ingested fluticasone
propionate, which has not been described previously in
a child.
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with oral intake in the past; however, a tonsillectomy
for tonsillar hypertrophy had led to improved feeding.
Two years prior to establishing care with the pedia
tric gastroenterology clinic, she had a swallow study
and a fluoroscopic upper gastrointestinal series that
were normal. She denied odynophagia, although she
endorsed the sensation of food getting stuck in her
throat and chest. She reported having to clear her
throat and drink water frequently during meals. She
had no cough or respiratory complaints.
On exam she was very thin and emaciated with
dysmorphic facial features and thin hair. She had
multiple scars on her face, which appeared as an
asymmetric, vascular, excoriated rash. There was a
scar under her nose from the upper lip to the right of
midline from previous cleft lip repair. She had a grade
Ⅱ/Ⅵ systolic murmur. Her lungs were clear. She had
normoactive bowel sounds; her abdomen was soft,
non-tender with no organomegaly. She had a low
profile balloon gastrostomy tube in place.
An esophogram demonstrated multiple filling
defects in the distal esophagus. The patient’s history of
cleft lip and facial dysmorphism precluded esophageal
manometric evaluation. The medical team elected
to evaluate motility with an esophageal transit study
using esophageal scintigraphy, which was remarkable
for delayed clearance of contrast from the esophagus,
especially in the supine position. She had gastric
emptying scintigraphy, which showed mild delayed
emptying (39% at two hours and 85% at four hours).
An esophagogastroduodenoscopy (EGD) was
performed with pancreatic stimulation; she had normal
pancreatic enzyme levels. On endoscopy, however,
she was noted to have multiple papillomas in her
esophagus (Figure 1). Pathology of the specimen
was consistent with a squamous papilloma (Figure
2). Human papilloma virus polymerase chain reaction
testing was negative. She had esophageal eosinophilia
on biopsies with > 80 eosinophils per high power field
(hpf) in her distal esophagus and > 20 eosinophils per
hpf in her proximal esophagus (Figure 3). Subsequent
EGD after being on a proton pump inhibitor for over
6 weeks showed a similar number of papillomas, with
biopsies revealing up to 20 eosinophils per hpf in the
distal esophagus and 15 eosinophils per hpf in the
proximal esophagus. At the time of the second EGD,
debulking of her papillomas was completed using argon
plasma coagulation. This procedure was performed
using ERBE VIO APC system (ERBE USA Inc., Marietta,
GA) and the PRECISE setting with an effect of 5. On
re-evaluation three months after initial debulking,
there was significantly less of a papilloma burden with
only a small cluster of papillomas remaining. This small
cluster was ablated again, using the argon plasma
coagulation. Follow-up EGD demonstrated successful
elimination of papillomas (Figure 4).
Options for the treatment of eosinophilic esophagitis
were discussed with the patient and parents. Allergy
testing directed diet was not pursued. Given her skin

papillomas of the esophagus in older individuals. This
case discusses an 8-year-old female with fdh who
presented with dysphagia. She was found to have
esophageal papillomas and eosinophilic esophagitis.
Treatment of eosinophilic esophagitis is highlighted.
Argon plasma coagulation has been shown to be
safe for use in the small diameter of the esophagus
of children but not specifically for destruction of
esophageal papillomas. A successful approach to
debulking esophageal papillomas in a child using argon
plasma coagulation is described in this case.
Pasman EA, Heifert TA, Nylund CM. Esophageal squamous
papillomas with focal dermal hypoplasia and eosinophilic
esophagitis. World J Gastroenterol 2017; 23(12): 2246-2250
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i12/2246.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i12.2246

INTRODUCTION
Focal dermal hypoplasia (FDH) or Goltz syndrome is a
rare disorder of defective ectodermal and mesodermal
[1]
tissue development . There are only about 300 reported
cases of FDH. The disorder is inherited in an X-linked
dominant manner with a female predominance of 9:1.
Females are heterozygous or mosaic for mutation in the
[2,3]
PORCN gene; affected males are typically mosaic .
The primary clinical manifestations of FDH occur due to
dysplasia of the connective tissue of the skin and skeletal
tissue. The dermal connective tissue is attenuated, with
thin-appearing collagen fibers leading to hypoplastic
and atrophic areas of skin that often follow the lines of
Blaschko. Skeletal malformations include syndactyly,
[4,5]
oligodactyly, and split-hand/foot malformation .
[6]
Cleft lip can be present leading to feeding difficulty .
Mucocutaneous squamous papillomas have been
reported on the mouth, nose, larynx, anus, and
[3,7,8]
genitals
. There have been reports of multiple
esophageal squamous papillomas in individuals over
[9,10]
the age of 30
. These patients were described as
having chronic dysphagia. We report the presence of
distal esophageal papillomas in an eight-year-old child
who had no such projections seen previously on barium
swallow two years prior to endoscopy.

CASE REPORT
An eight-year-old female with focal dermal hypoplasia
presented to the pediatric gastroenterology clinic for
poor weight gain, dysphagia, and early satiety. She
previously had a gastrostomy tube placed at three
weeks of age due to cleft lip and palate, which were
later repaired. The gastrostomy tube remained in
place and was used sporadically as the patient and
the parents were motivated to transition to oral intake
of formula and foods. She had a history of difficulty
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A

B

Figure 1 Esophageal endoscopic exam demonstrating multiple papillomas. A: View of esophageal papillomas in distal esophagus immediately above the level
of the lower esophageal sphincter; B: View of the esophageal papillomas and thicken esophageal mucusa in the distal esophagus.

Figure 2 Low power cross section of squamous papilloma obtained from
esophagus.

Figure 4 Esophageal endoscopic follow up exam post-treatment with
argon plasma coagulation and debulking of the papillomas.

directly into the mouth, swallowed rather than inhaled,
twice a day. Her biopsy at three-month follow-up EGD
demonstrated 15 eosinophils per hpf. The patient
reported resolution of her dysphagia but continued
early satiety with solid food. A combination of
treatment with the promotility stimulant erythromycin
ethylsuccinate 3 mg/kg per dose prior to each meal,
along with introduction of overnight formula feedings
via gastrostomy tube, facilitated adequate weight gain.

DISCUSSION
This case presents a child with FDH, a connective tissue
disorder known to be associated with the formation of
squamous papillomas in the nose, mouth, pharynx,
airway, rectum, vagina and esophagus. The esophageal
papillomas are hypothesized to be related to the high
incidence of severe gastroesophageal reflux starting
[9]
in infancy in FDH . In two previous case reports,
esophageal papillomas were noted at 30 and 56 years
old; both patients were female with oral papillomas.
The older patient had complained of dysphagia since
she was a teen but did not definitely have esophageal
[9,10]
papillomas identified until age 56
. Based on
radiographic studies performed two years prior to our

Figure 3 High power view of papilloma demonstrating eosinophilic
infiltration.

disorder the implementation and interpretation of skin
prick testing or skin atopy patch testing would have
been technically difficult. Empiric food elimination diet
or elemental diets were also presented but declined
by the family as they felt any progress made in
her transition from gastrostomy feeds to oral feeds
would be lost with the initiation of restrictive diets
or unpalatable formula. To treat the eosinophilic
esophagitis, the patient was instructed to take
fluticasone propionate metered dose inhaler 440 mcg
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patient’s presentation, it is likely that she developed her
papillomas between ages six and eight. What is unique
in this scenario is that our patient is much younger
than what has previously been reported in the literature
about the development of esophageal squamous
papillomas. Her complaint of dysphagia was supported
by poor esophageal transit on nuclear medicine study.
Further complicating this patient’s presentation
was eosinophilic esophagitis. There is evidence
that connective tissue disorders are a risk factor for
eosinophilic esophagitis. Ehler’s Danlos, Marfan, and
Loeys-Dietz syndromes all have significantly higher
rates of eosinophilic esophagitis than expected rates
[11]
in the general population . Although the exact cause
of this association is unknown, it is speculated that it
is likely related to poor esophageal connective tissue
repair as well as to increases in immune modulating
molecules in the esophageal tissue. To our knowledge
this is the only report of a patient with FDH and eosino
philic esophagitis.
Although the delayed esophageal clearance was
most likely related to the distal esophageal papillomas,
it is known that motility deficits can lead to food
[12]
impaction in eosinophilic esophagitis . This can lead to
serious complications such as perforation. Treatment of
eosinophilic esophagitis has been shown to decrease the
[13]
risk of impaction . The patient in this case showed a
partial histological response to ingested steroid therapy
with a decrease in her mucosal eosinophil count. Her
dysphagia improved with simultaneous treatment of her
esophageal papillomas and eosinophilic esophagitis. We
can only speculate, but suspect the largest symptomatic
response as far as improved dysphagia was from
debulking the papillomas.
Argon plasma coagulation has been shown to be
an effective treatment for esophageal pathology with
[14]
mucosal overgrowth such as Barrett’s esophagus .
Furthermore, it has been shown to be a safe treatment
[15]
in children. Di Nardo et al
recently described a
group of children with esophageal inlet patch who
were unresponsive to proton pump inhibitor alone
but responded well to argon plasma coagulation.
Papillomatosis disease of the airway has been treated
effectively with argon plasma coagulation; however,
the technique does not appear to have been applied
[16]
to esophageal papillomas . We utilized the PRECISE
setting, which is an ERBE proprietary setting. This
setting creates superficial coagulation and tissue
destruction using a low-energy output per unit time,
which allows for cautery in temperature-sensitive or
[17]
thin-walled structures . The use of argon plasma
coagulation in the small diameter esophagus of a child
allowed the safe and controlled destruction of the
papillomas while lowering the concern for unintended
thermal damage. The desired endoscopic and
symptomatic result was obtained using this technique.
There are multiple unique aspects to this single
case description. We demonstrate that esophageal
papillomas can be safely debulked using argon plasma
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coagulation. We also demonstrate a patient with
focal dermal hypoplasia presenting with esophageal
papillomas at an age much younger than previously
shown in the literature. Finally, we identified a patient
with both focal dermal hypoplasia and eosinophilic
esophagitis. This is a potential association that has
not yet been described, but has biologic plausibility
given the association between eosinophilic esophagitis
and connective tissue disorders. The young age of
this patient and her comorbid eosinophilic esophagitis
and esophageal papillomas present an argument for
endoscopic evaluation of patients with focal dermal
hypoplasia for pathological causes of feeding disorders
or dysphagia.
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An 8-year-old girl with focal dermal hypoplasia presented with dysphagia.
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Multiple esophageal papillomas noted on esophagogastroduodenoscopy.
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Squamous cell papillomas with eosinophilic esophagitis.
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Endoscopic application of argon plasma coagulation for debulking of
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440 mcg twice a day for eosinophilic esophagitis.
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Breast cancer with stomach metastasis rare with an
incidence of 1% or less among metastatic breast
cancer patients. We experienced a case of breast
cancer metastasizing to the stomach in 65-year-old
female patient. She experienced dyspepsia and poor
oral intake before visiting the clinic. Diffuse infiltration
with nodular mucosal thickening of the stomach wall
was observed, suggesting advanced gastric cancer
based on gross endoscopic finding. Spread of poorly
cohesive tumor cells in the gastric mucosa observed
upon hematoxylin and eosin stain resembled signet
ring cell carcinoma, but diffuse positive staining for
GATA3 in immunohistochemical stain allowed for a
conclusive diagnosis of breast cancer metastasizing
to the stomach. Based on the final diagnosis,
systemic chemotherapy was administered instead of
primary surgical resection. After 2 cycles of docetaxel
administration, she showed a partial response based on
abdominal computed tomography scan. This case is an
unusual presentation of breast cancer metastasizing to
the gastrointestinal tract.
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Core tip: This case report describes a patient who
was clinically diagnosed as advanced gastric cancer,
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2A) and abdominal CT scan (Figure 2B), advanced
gastric cancer (cT3N1M0) was suspected. Hematoxylin
and eosin (H&E) staining of the endoscopic biopsy
revealed poorly cohesive tumor cells spreading into the
gastric mucosa, suggesting signet ring cell carcinoma.
However, no intracytoplasmic mucin was found in the
tumor cells, with scant to moderate pinkish cytoplasm.
Normal stomach glandular tissue was found in the
biopsy specimen, with no cancer cells connected to the
glandular structure (Figure 3A and B). These findings
were not consistent with typical gastric signet ring
cell carcinoma. Because the patient was diagnosed
with invasive lobular carcinoma, archival breast tumor
tissue was re-evaluated for comparison.
Breast tissue pathology showed a similar appea
rance to the endoscopic biopsy specimen, such as a
de-cohesive pattern with cells arranged in an Indian
file pattern, and a centrally located enlarged nucleus
(Figure 3C). In the immunohistochemical (IHC) test, the
tumor cells showed diffuse strong nuclear staining for
GATA3 binding protein (GATA3) (Figure 3D). IHC results
of gross cystic disease fluid protein-15 (GCDFP-15)
(Figure 3E), E-cadherin (Figure 3F), estrogen receptor
(ER, Figure 3G) and progesterone receptor (PR, Figure
3H) were negative. HER-2 IHC staining showed weak
membranous staining consistent with equivocal (+2)
positivity (Figure 3I). Silver in situ hybridization (SISH)
for HER-2 gene was performed, and the dual-probe
HER2/Chr17 ratio was 3.2 (161/51), consistent with
HER-2 amplification (Figure 3J).
Based on the pathologic findings, breast cancer
metastasizing to the stomach was diagnosed. The
stomach metastasis developed 4 years after surgery
and 2 years after the initiation of an aromatase
inhibitor use. As systemic treatment, docetaxel
combined with trastuzumab was considered but
trastuzumab was not available due to insurance
2
guidelines. Docetaxel (75 mg/m intravenously [I.V.],
day 1) was administered every 3 wk. After 2 cycles
of systemic chemotherapy, follow up abdominal CT
scans showed decreased stomach wall thickness, and
perigastric lymph nodes showed a partial response
(PR) based on the Response Evaluation Criteria in
Solid Tumors (Figure 4). During 2 cycles of systemic
chemotherapy, the patient’s symptoms of indigestion
and epigastric discomfort regressed. Currently,
the patient is in persistent PR state and 6 cycles of
docetaxel have been administered.

but final pathological confirm diagnosis was to be
breast cancer with gastric metastasis. Patient received
systemic chemotherapy and is currently on partial
response state at present.
Yim K, Ro SM, Lee J. Breast cancer metastasizing to the
stomach mimicking primary gastric cancer: A case report. World
J Gastroenterol 2017; 23(12): 2251-2257 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i12/2251.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i12.2251

INTRODUCTION
Breast cancer commonly metastasizes to bone, lung,
liver, and brain, but metastasis to the gastrointestinal
[1,2]
tract is rare . In Korea, fewer than 10 cases of breast
cancer metastasizing to the gastrointestinal tract have
[3]
been reported . Breast cancer with gastrointestinal
metastasis requires systemic chemotherapy. However,
if breast cancer with gastrointestinal metastasis is
misdiagnosed as a primary gastrointestinal cancer,
unnecessary surgical resection may take over place.
Herein, the authors present a case of breast cancer
metastasizing to the stomach, initially suspected to be
primary gastric cancer. This patient was successfully
treated with systemic chemotherapy.

CASE REPORT
A 65-year-old female patient was referred to the
oncology department for evaluation of indigestion
and epigastric discomfort. She had been previously
diagnosed with breast cancer, treated with modified
radical mastectomy (invasive lobular carcinoma,
pT2N3M0), adjuvant chemotherapy (cyclophosphamide,
methotrexate, 5-FU) and adjuvant radiation. Two years
after surgery, she experienced cancer recurrence with
bone metastasis and received an aromatase inhibitor
(letrozole) as treatment for another 2 years. At the
time she visited the oncology department, she was
currently on aromatase inhibitor (letrozole). Other than
breast cancer, she had no other medical history. Her last
endoscopy was performed 2 years ago, with no specific
findings.
Initial white blood cell (WBC) counts, hemoglobin
3
level and hematocrit were 4790 cell/mm (neutrophil
count 82%, lymphocytes count 25.8%), 13.1 g/dL
3
(normal range 13.0-18.0 g/dL), and 369000/mm
3
(normal range 150000-450000/mm ). Other laboratory
findings including those of blood chemistry and
urine analysis were in the normal range. Serum
carcinoembryonic antigen level was increased up to
23.25 ng/dL.
Endoscopy revealed diffuse infiltration with nodular
mucosal thickening of the stomach wall, involving
the lower two-thirds of the stomach body (Figure 1).
Based on endoscopy, endoscopic ultrasound (Figure

WJG|www.wjgnet.com

DISCUSSION
Cancer metastasizing to the gastrointestinal (GI)
tract is reported to be rare, but breast cancer is the
second most common cancer metastasizing to the
[2,4]
GI tract after lung cancer . However, the incidence
of breast cancer with GI tract metastasis is reported
[5,6]
to be 1% or lower . Invasive lobular carcinoma
tends to metastasize to the GI tract more frequently
[7]
compared to invasive ductal carcinoma . The most
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Figure 1 Upper endoscopy shows diffuse infiltrative mucosal lesion with extensive nodular thickening of the stomach wall, involving lower two-thirds of body.

A

B

Figure 2 Endoscopic ultrasound shows subserosal invasion of the gastric lesion with lymph node involvement (A, B). Abdomen CT scan shows infiltrative
gastric lesion involving cardia and angle of stomach (arrowhead) with enlarged perigastric lymph node (arrow).

common metastatic sites in the GI tract are the colon
and rectum, stomach, small intestine and esophagus,
[4]
in that order . In Korea, 7 cases of breast cancers
metastasizing to the GI tract have been reported,
with 5 cases of breast cancer with gastric metastases
and 2 cases of synchronous stomach and colorectal
[3]
metastases . The clinical characteristics of the
[2,3,8-19]
previous cited cases are summarized in Table 1
.
Most breast cancer patients with gastric metastasis
[3,16]
present with GI symptoms
, similar to primary
gastric cancer. In our case, the patient complained of
indigestion, early satiety, and weight loss. Endoscopy
with sufficient mucosal biopsy is mandatory for
the diagnosis. Diffuse infiltration of the gastric wall
[2]
with linitis plastica formation may be found , but

WJG|www.wjgnet.com

approximately 50% of patients may have shallow
mucosal lesion indistinguishable from benign gastric
[20]
mucosal lesions . Our patient showed extensive
nodular mucosal thickening with a thickened gastric
fold, with a primary suspicion of advanced gastric
cancer.
Pathologic findings of breast cancer metastasizing
to the stomach are morphologically similar to
poorly cohesive gastric carcinoma, especially in
[21,22]
invasive lobular carcinoma
. However, some
morphological differences are present. In metastatic
mammary carcinoma, sialomucin is present in the
intracytoplasmic lumina with a central location of the
nucleus. In contrast, primary gastric signet ring cell
carcinoma contains clear intracytoplasmic acid mucin
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A

B

C

D

E

F

G

H

I

J

Figure 3 Pathologic features of endoscopic biopsy specimen. Discohesive tumor cells are infiltrated in the stroma of the stomach mucosal tissue (HE × 40, A).
Tumor cells show enlarged centrally located nucleus without intracytoplasmic clear mucin. The tumor cells had no connection to the remained normal gastric mucosal
tissue (HE × 400, B). Previous breast cancer pathology was reviewed (C). Discohesive tumor cells were arranged in indian file. The tumor cells had enlarged centrally
located nucleus without intracytoplasmic mucin (HE × 400, C). Immunohistochemical stains and molecular test of tumor was done (D-J). Diffuse strong nucleus
expression of GATA3 was observed (GATA3 × 400, D). Focal, less than one percentage cytoplasmic expression of GCDFP was detected (GCDFP × 400, E). Negative
stain for E-cadherin (E-cadherin × 400, F). Negative stains for ER and PR (ER × 400, PR × 400, G, H). Immunohistochemical stain for HER-2 was equivocal (HER-2
× 400, I). Silver in situ hybridization (SISH) for determination of HER2 gene status. Occasional HER2 gene amplified cells were noted in the mixture with normal HE2
gene expressing cells (SISH × 1000, J).
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A

B

Figure 4 Response evaluation after 2 cycles of docetaxel chemotherapy (A, B). Abdominal CT scan shows decreased perigastric lymph modes (arrows) and
gastric mucosal thickening (arrowheads).

Table 1 Clinical characteristics of representative gastric metastasis of breast cancer
Ref.

Age

Our case

65

Duration
after initial
diagnosis

Clinical
presentation

Endoscopy

4

Epigastric
Discomfort

Diffuse
infiltrative
mucosal
lesion
Extensive
nodular
thickening
Erosion of
gastric wall
Polyp at
antrum wall
Fungating
mass
Elevated
mucosal
lesion
Mucosal
thickening
Mucosal
erosion
Mucosal
erosion
Submucosal
tumor

Indigestion

Pera et al[18]

45

7

Jones et al[2]

51

3

61

6.9

Eo et al[11]

48

9

Arrangoiz
et al[8]
Koike et al[16]

70

1

42

5

54

6

54

3

Geredeli
et al[12]

47

3

Buka et al[9]

58

1.2

Lee et al[17]

48

5.7

Diarrhea
constipation
Epigastric
pain
Epigastric
pain
Epigastric
pain
vomiting
Increased
serum CEA,
CA15-3
Abdominal
pain
weight loss
Melena

Yim et al[19]

48

Jeon et al[14]

49

Initial
diagnosis
5

Epigastric
discomfort
Melena

Kim et al[15]

53

10

Dyspepsia
lower
abdominal
pain
small caliper
of stool

Epigastric
pain
heart burn
No symptom
Dysphagia
weight loss
Nausea
anorexia

WJG|www.wjgnet.com

Pathology

IHC

Surgery

Other
metastases
site

Overall
survival

Bone

-

H

-

-

Palliative

Bone

-

neg

Total
gastrectomy
No

C,R

-

pos

neg

No

C

Brain, bone,
pleura
Liver, bone,
pleura

pos

neg

neg

No

H

Lung, rectum

-

ILC

pos

pos

neg

No

C

-

-

ILC

pos

pos

neg

No

C, H

5

IDC

pos

pos

pos

No

C

Liver, bone,
peritoneum
Bone

2.3

ILC

neg

neg

neg

Subtotal
gastrectomy

C

Bone

-

Polypoid
infiltration

ILC

pos

pos

neg

Total
gastrectomy

C, R

Colon, pleura

7.2

Mucosal
erosion
Mucosal
erosion
Volcano
shaped
ulcers
Mucosal
erosion

-

-

-

-

-

C

Bone, liver

-

ILC

neg

neg

-

No

C

Bone

-

IDC

pos

neg

-

No

C

Bone

IDC

neg

neg

-

No

C, H

Kidney,
ovary,
colon, bone,
peritoneal
LN

ER

PR

C-erbB2

ILC

neg

neg

pos

No

ILC

pos

pos

-

Subtotal
gastrectomy

ILC

neg

neg

neg

ILC

pos

pos

IDC

pos

ILC

2255

Treatment

-
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Hwang
et al[13]

66

17

Back pain

Flat mucosal
lesion

ILC

neg

pos

Cheoi et al[10]

56

4

Mucosal
erosion

IDC

neg

pos

Yu et al[3]

63

10

Upper
abdominal
discomfort
Melena

Linitis
plastica
flat ulcer

ILC

pos

pos

small caliper
of stool

C

Bone

-

pos

endoscopic
mucosal
resection
-

C, H

-

1.3

pos

No

C, H

Colon, bone
marrow

-

ILC: Invasive lobular carcinoma; IDC: Invasive ductal carcinoma; IHC: Immunohistochemical stain; pos: Positive; neg: Negative; C: Chemotherapy; H:
Hormonal treatment.

Clinical diagnosis

[21]

that pushes the nucleus to the periphery . In the
present case, the nuclei of the tumor cells were located
in the center, and there were no clear intracytoplasmic
inclusions.
Also, IHC study is helpful for differential diagnosis.
GCDFP-15 staining was traditionally used for dif
ferential diagnosis of mammary origin carcinoma.
However, it shows relatively low sensitivity (55%-76%)
[23]
for detecting a breast origin cancer . Recently, GATA3
is widely known as a mammary cancer and urothelial
cancer marker. GATA3 expression shows 100%
positivity in involving breast lobular carcinoma and
96% positivity in breast ductal carcinoma. However,
only 5% of tumors are positive for GATA3 in gastric
[24]
adenocarcinoma . In our case, although GCDFP-15
staining was negative, GATA3 showed diffuse strong
nuclear positivity, consistent with a mammary origin of
the carcinoma.
Metastatic breast cancer involving the stomach
is treated with systemic agents such as cytotoxic
chemotherapeutic agents or hormonal agents. Surgical
resection of the stomach has a limited role in treatment,
and does not affect the survival outcomes of patients
[4]
presenting with gastric metastasis . However, surgical
treatment may have a role in palliative treatment such
as relieving obstructive symptoms.
Breast cancer patients have a superior survival
outcome compared to other cancers, raising the
possibility of a double primary cancer during the
clinical course. However, metastasis of primary breast
cancer must also be considered. In a breast cancer
patient who complains of gastrointestinal symptoms,
prompt endoscopy and biopsy are necessary for an
accurate diagnosis. Sufficient pathologic review of
gastric biopsy and previous breast specimens, with
immunohistochemical examination is warranted.
When metastasis of breast cancer to the stomach
is suspected, appropriate systemic treatment is
necessary for further treatment.

Epigastric discomfort and indigestion.

Differential diagnosis

Gastric ulcer, primary gastric cancer showed be differentiated by endoscopic
biopsy.

Laboratory diagnosis

Serum carcinoembryonic antigen was increased up to 23.25 ng/dL.

Imaging diagnosis

Endoscopy showed diffuse infiltration with nodular mucosal thickening of
stomach wall.

Pathological diagnosis

Metastatic invasive lobular carcinoma to stomach was diagnosed by
immunohistochemical stain.

Treatment

Docetaxel 150 mg/m2 intravenous, every 3 wk.

Related reports

Breast cancer rarely metastasize to gastrointestinal tract and should be
diagnosed by careful review of the pathologic specimen. If patient have
underlying breast cancer, metastatic breast cancer should be considered other
than primary gastric cancer during the diagnosis.

Term explanation

GATA3 refers to GATA3 binding protein used for differential marker for diagnosis
of breast cancer. Partial response (PR) means more than 30% decrease in the
sum of the longest diameters of target lesions during response evaluation.

Experiences and lessons

Early differential diagnosis of metastatic breast cancer to stomach is important
for appropriate systemic chemotherapy and avoidance of unnecessary surgery.

Peer-review

This is generally an interesting and useful paper.
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Abstract
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Clear-cell sarcoma is a rare, malignant soft tissue
tumor that displays melanocytic differentiation with
a distinct molecular profile. It is rarely localized in
the gastrointestinal tract. Herein we reported a case
of multiple synchronous clear-cell sarcomas of the
gastrointestinal tract with parotid gland metastasis.
A 51-year-old male patient presented with a growing
painless mass under the right ear. A preoperative
positron emission tomography/computed tomography
showed multiple intestinal masses and a mass in the
right parotid with increased glucose uptake, and he
underwent operative treatment with resection of three
tumors in the jejunum and ileum and then received
a right parotidectomy. Postoperative pathological
examination showed that cells in the intestinal
tumor were consistent with clear-cell sarcoma of
the gastrointestinal tract, and the malignant cells
in the parotid gland were similar to the intestinal
tumor. Immunohistochemical studies revealed
positive expression of HMB-45, Melan-A, and S-100.
EWSR1 gene fusion transcripts were undetectable by
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Core tip: Over the past 13 years, only 53 cases of clearcell sarcomas of the gastrointestinal tract (CCS-GI)
have been reported in the world. Most of the literature
on CCS-GI describes a single tumor at diagnosis; our
presentation is the third report of simultaneous tumors
during the diagnosis to date and is the first case of
CCS-GI with metastasis to the parotid gland. We also
reviewed the literature on CCS-GI. Because of the high
rarity, more cases need to be accumulated for further
analysis.

Figure 1 Ultrasonogram of the neck showed a 15 mm × 27 mm mass in
the right parotid gland.

Su H, Liu WS, Ren WH, Wang P, Shi L, Zhou HT. Multiple clearcell sarcomas of small intestine with parotid gland metastasis:
A case report. World J Gastroenterol 2017; 23(12): 2258-2265
Available from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i12/2258.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i12.2258

INTRODUCTION

Figure 2 positron emission tomography/computed tomography showed
a 36 mm × 33 mm intestinal mass with multiple peripheral lymph nodes in
the right midabdomen.

Clear-cell sarcoma (CCS) is a rare tumor of unknown
[1]
origin that was first described by Enzinger in
1965. CCS shows a predilection for the tendons or
aponeuroses in the extremities in young adults aged
[2]
[3]
20-40 years . Ekfors et al described the first clearcell sarcoma of the gastrointestinal tract (CCS-GI) in
1993, which occurred in the duodenum. Only a few
[4]
cases of CCS-GI have been reported. CCS-GI has
specific histopathological, immunohistochemical, and
genetic features. Here, we present a case of three
synchronous clear-cell sarcomas in the jejunum and
ileum with parotid gland metastasis.

On palpation, a 20 mm × 20 mm relatively welldefined and soft mass with no tenderness was
observed along with multiple enlarged cervical
nodules. Abdominal examination did not reveal any
organomegaly or palpable lumps.
Ultrasonography of the neck two months ago
revealed a relatively undefined hypoechoic mass
measuring approximately 15 mm × 27 mm in its
greatest dimension in the right parotid gland and
submandibular gland (Figure 1) along with multiple
enlarged right supraclavicular and upper cervical lymph
nodes. A needle biopsy of the mass was performed
and the pathologic report found malignant tumor
cells. The patient was recommended for surgery for
the mass in the parotid gland. The preoperative blood
routine examination showed that the HGB was 106 g/L.
Therefore, the patient underwent positron emission
tomography/computed tomography (PET/CT). A 36
mm × 33 mm intestinal mass with increased glucose
uptake, and multiple peripheral lymph nodes in the
right mid-abdomen were found (Figure 2), and the
maximum standard uptake value (SUV) was 6.6. An
intestinal lesion with increased glucose uptake in the
right hypogastrium was also seen and the SUV was 7.0.
The mass in the right parotid and peripheral lymph
nodes also showed increased glucose uptake, and

CASE REPORT
Patient details

A 51-year-old male presented with a two-year history
of a growing painless mass under the right ear, initially
with a size of a soybean. The mass grew noticeably
in the last six months. There was a one-year history
of night sweat and frequent stool (three to four times
a day). There was no history of fever, weakness,
dysphagia, dyspnea, cough, hoarseness, jaundice,
vomiting, melena, hematochezia, abdominal pain,
abdominal distension or significant weight loss. The
patient had a 5-year medical history of hypertension
and he was a hepatitis-B carrier of 30 years and a
smoker of 40 pack-years. There was no family history
of cancer.
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Figure 3 Intussusception was observed 80 cm distal to the duodenojejunal
junction and the involved bowels were swollen and expanded.

Figure 4 Involved bowels with the masses and mesentery were resected
with a proximal 10 cm and distal 10 cm margin.

the SUV was 10.3. Preoperative tumor makers, such
as CA125, CA15-3, CA19-9,CA72-4, AFP, cyfra21-1,
NSE,SCC, CEA, and ProGRP, did not show abnormal
expression.

7.8 cm with attached mesentery. Two tumors were on
the longer segment of intestine, one (2.5 cm × 2.2 cm
× 1 cm) was at 11 cm from one margin and the other
(6.5cm × 5.5cm × 4 cm) was at 19 cm from the same
margin. A 2.5 cm × 1.9 cm × 1 cm tumor was on the
other segment of the small intestine. The cut surface
of the three tumors had hard, obscure borders that
were white to tan in appearance.
Microscopically, the jejunum and ileum tissues were
infiltrated with malignant cells, which was consistent
with CCS-GI (a type of gastrointestinal neural
ectoderm tumor, GNET) based on morphology and
immunohistochemistry (Figure 5a). The tumors had
invaded the mucosal and muscular layers. There was
no focal necrosis, vessel invasion or nerve invasion.
The mitotic index exceeded 20/10 HPFs, and the
tumor was grade G3 according to the FNCLL (French
Fédération Nationale des Centres de Lutte Contre le
Cancer) system.
Lymph node metastases (1/29) without invasion of
the outer lymph node capsule: (1) peripheral lymph
nodes of the jejunum: 1/26; and (2) peripheral lymph
nodes of the ileum, 0/3.
Immunohistochemistry: S100 (3+), Vim (3+),
GFAP (-), HMB-45 (2+), Melan-A (2+), Melanomapan
(1+), CD56 (2+), Syn (-), CgA (-), AE1/AE3 (-),
CD138 (-), CD19 (-), CD20 (-), CD3 (-), CD38 (-),
CD79a (-), Ki-67 (+40%), LCA (-), MUM1 (-), CD117
(lesion+), CD34 (-), DOG1 (-), CD10 (-), Calponin (-),
P63 (-), EBER (-).
Gene detection: EWSR1 gene fusion transcripts
were undetectable by fluorescence in situ hybridization
(FISH).

Treatment

The patient underwent an exploratory laparotomy and
the excision of multiple intestinal neoplasms. Operative
exploration showed no ascites, pelvic, periaortic,
peritoneal, omental deposits, or liver metastasis. No
tumors were palpated in the cavity of the stomach,
duodenum, colon, rectum, or the mesentery root.
Three masses were found at the jejunum and ileum.
Intra-operatively, the first tumor was present in the
jejunum, located at 80 cm distal to the duodenojejunal
junction. Intussusception was observed at the point,
and the involved bowels were swollen and expanded
(Figure 3). The second tumor was at the end of the
intussusception (approximately at the fourth loop of
intestine). The third tumor was present in the ileum,
located at 80 cm proximal to the ileocecal junction.
These three tumors of varying sizes invaded the
serosa, and the surface of the serosa had shrunk and
was depressed. Multiple enlarged lymph nodes were
observed in the intestinal mesentery. Following serial
ligation of the mesenteric vessels, resection of the
involved bowels, along with the masses and mesentery,
was performed, with a proximal margin of 10 cm and
a distal margin of 10 cm. The first and second tumors
were removed together in one segment of the intestine
(Figure 4). Then, a primary anastomosis formed.
The patient recovered gradually and then underwent
right parotidectomy with retention of the facial nerve,
followed by right cervical lymph node dissection 17 d
after abdominal surgery because the pathology of the
parotid gland neoplasms was undetermined.

Parotid gland neoplasms: Upon gross examination,
a 1-cm diameter nodule was found in a 5.5 cm × 3 cm
× 2 cm area of tissue; the cut surface of the nodule
had a tough, grey-to-yellow appearance.
Microscopically, the parotid gland tissues were
infiltrated with malignant cells, which was consistent
with CCS morphology and immunohistochemistry and
morphologically similar to the previously assessed

Postoperative pathology

Intestinal neoplasms: Upon gross examination,
the specimen consisted of two segments of the small
intestine: the longer one was approximately 26 cm
with attached mesentery, and the other segment was
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A

B

Figure 5 Microscopic observation of intestinal neoplasms and parotid gland neoplasms. A: Microphotography shows that polygonal malignant cells of intestinal
neoplasms were separated by fibrous tissues, arranging in sheets and nests, with eosinophilic or clear cytoplasm and there was no exact necrosis, vessel invasion
and nerve invasion. Nucleolus was obvious and the mitotic index exceeded 20/10 HPF (Hematoxylin-Eosin G × 10); B: Malignant cells of parotid gland neoplasms
were similar to the intestinal tumor by microphotography (Hematoxylin-Eosin G × 10).

intestinal tumor (Figure 5b). Lymph tissues were found
in the tumor and at the tumor edge, which may be
metastatic lesions.
No lymph node metastases (0/30): (1) right
cervical lymph nodes, level Ⅱ, 0/10; (2) right cervical
lymph nodes, level Ⅲ, 0/12; (3) right cervical lymph
nodes, level V, 0/5; (4) peripheral lymph nodes of the
superficial lobe of the right parotid gland, 0/2; and (5)
peripheral lymph nodes of the caudate lobe of the right
parotid gland and tumor, 0/1.
Immunohistochemistry: S100 (3+), Melan-A (3+),
Melanomapan (3+), HMB-45 (3+), AE1/AE3 (-), CK18
(-), Calponin (-), P63 (-), SMA (-).

swollen parotid gland. The presence of lymph nodes
both inside and outside of the parotid gland makes
it a common site of metastasis for head and neck
[40]
neoplasms , but it is a very rare metastatic site for
gastrointestinal tumors. In the limited literature on
CCS-GI, this is the first case of CCS-GI with metastasis
to the parotid gland.
CCS-GI shows specific histopathological, immuno
[2,4]
histochemical, ultrastructural, and genetic features .
[41]
In 2010, Kosemehmetoglu et al
first divided CCSGI into two subtypes according to its histomorphology:
(1) CCS-like gastrointestinal tumor (CCSLGT); and
(2) CCS of soft tissue (CCS-ST). However, there has
been disagreement about whether these subtypes
[31]
are two independent entities . In 2003, Zambrano
[10]
et al
reported 6 cases of CCSLGTs. They found that
the CCSLGTs were at least focally positive for the S100
protein, but most did not express melanocytic markers
[36]
such as HMB-45 or Melan-A. Meanwhile, Huang et al
found that certain CCS-STs were positive for the S100
protein and most could express melanocytic markers
such as HMB-45 or Melan-A. Several reports found
that > 90% of cases of CCS were associated with the
reciprocal translocation t (12; 22) (q13; q12), resulting
in fusion of the EWSR1 gene, located at 22q12, and
[2,41-46]
the ATF1 gene, located at 12q13
. To date, these
translocations have never been observed in malignant
[13,22,43-46]
melanoma
, which has a very similar histologic
[20]
appearance to CCS . Immunohistochemical staining
of CCS reveals positivity for the S100 protein as well
as melanocyte-specific markers, with this combination
of staining allowing for CCS to be distinguished from
malignant melanoma histologically. In our case,
the tumor was consistent with CCS-GI based on
morphology, was positive for the S100 protein, and
expressed melanocytic markers such as HMB-45 and
Melan-A, but EWSR1 gene fusion transcripts were
undetectable by FISH.
Currently the most effective treatment for CCS-GI is
extensive resection of the tumor and peripheral lymph
nodes; chemotherapy and radiotherapy appear to have
[31]
little effect . The clinical behavior of CCS-GI seems to

Follow-up

Twenty days after the surgery on the parotid gland,
the patient underwent CT imaging of the neck,
thorax and abdominopelvic area, and no recurrence
or metastasis was observed. He then started with 6
cycles of chemotherapy using an EI regimen (epirubicin
100 mg + ifosfamide 2 g D1-4+mesna 0.4 g 0 h, 4 h,
and 8 h after the ifosfamide D1-4). At the time that
this article was written, the patient was on the first
cycle of the chemotherapy.

DISCUSSION
CCS-GI is so rare that only 53 cases (including our
case) have been reported in the literature to date (Table
[3,5-39]
1)
. Most of the literature on CCS-GI describes the
[25,38]
diagnosis of a single tumor; only two case reports
have described the diagnosis of two simultaneous
tumors to date. CCS-GI often involves the ileum
[4-7,9-12,14-35,38,39]
and jejunum, stomach and colon
.
Because of the aggressive clinical course, regional
and distant metastases are common in CCS-GI at
[5-7,9,10,15,17,21,25,27,29,31,37,39]
presentation
. The lymph nodes,
liver, and mesentery are the most common locations
of the metastases at the time of presentation. The
patient in our report had three synchronous masses in
the jejunum and ileum, with metastasis to the parotid
gland, and he attended the hospital mainly due to the
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Table 1 Clinical, pathological, immunohistochemical and genetic features of clear-cell sarcoma of the gastrointestinal tract in
previously reported cases
Ref.

Age (yr)/
sex

Location

Maximum
diameter of
tumor(cm)

S-100

HMB-45

Melan-A

Genetic findings

Alpers et al[5]
Ekfors et al[3]
Donner et al[6]

26/F
38/M
37/M

Jejunum
Duodenum
Ileum

1.5
3.0
6.5

ND
Positive
Positive

ND
Positive
Negative

ND
ND
ND

ND
ND
t(12;22)(q13;q12-13)

Fukuda et al[7]
Hu et al[8]
Pauwels et al[9]

74/M
10/M
30/M

Colon
Rectum
Stomach

3.0
5.0
4.0

Positive
Positive
Positive

Positive
Positive
Negative

ND
ND
ND

Zambrano et al[10]

15/F
21/F
35/F
37/F
32/M
13/M

Jejunum
Jejunum
Ileum
Ileum
Ileum
Stomach

5.0
4.0
3.5
4.5
5.0
6.7

Positive
Positive
Positive
Positive
Positive
Positive

Negative
Negative
Negative
Negative
Negative
Negative

Negative
Negative
Negative
Negative
Negative
Negative

Achten et al[11]

57/M

Jejunum

6.5

Positive

Negative

Negative

Venkataraman et al[12]

21/F

Ileum

7.0

Positive

Negative

Negative

Covinsky et al[13]

47/F

Pancreas

NA

Positive

Positive

Positive

85/F

Mesentery

NA

Positive

Positive

Positive

Taminelli et al[14]

35/M

Ileum

1.8

Positive

Negative

Positive

Friedrichs et al[15]

41/M

Jejunum

8.7

Positive

Negative

Negative

Huang et al[16]
Antonescu et al[17]

40/M
81/F

Stomach
Colon

3.0
7.5

Positive
Positive

Negative
Negative

Positive
Negative

42/F

Ileum

5.7

Positive

Negative

Negative

42/F

Ileum

3.5

Positive

Negative

Negative

51/F

Jejunum

NA

Positive

Negative

Negative

Granville et al[18]

18/F
16/M

Jejunum
Ileum

NA
5.0

Positive
Positive

Negative
Negative

Negative
ND

Comin et al[19]

31/F

Ileum

2.8

Positive

Negative

Negative

Lyle et al[20]

46/M

Jejunum

11.0

Positive

Positive

Positive

49/M

Cecum

10.5

Positive

Positive

Positive

60/M
62/M

Jejunum
Ileum

10.0
4.0

Positive
Positive

Positive
Positive

Positive
Positive

Abdulkader et al[21]

37/M

Jejunum

8.2

Positive

Negative

ND

Lagmay et al[22]

10/F

Stomach

7.8

Positive

Negative

Negative

Joo et al[23]

60/M

Ileum

2.4

Positive

Negative

Negative
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Outcome

Liver mets
Not given
Liver mets at 24 and 36
mo
EWSR1-ATF1 by RT-PCR
Liver mets at 9 mo
ND
NA
t(12;22)(q13;q12)
LN and peritoneal mets
at diagnosis
t(12;22)(q13;q12)
DOD 16 mo
ND
DOD 12 mo
ND
Liver mets at 12 mo
ND
NA
ND
NA
ND
Local recurrence at 12
mo;2nd Local recurrence
at 36 mo
EWSR1 rearrangement by
NA
FISH
EWSR1 rearrangement by
NA
FISH
EWSR1-ATF1
NED 24 mo
by RT-PCR and
FISH
EWSR1-ATF1
DOD 1 mo
by RT-PCR and
FISH
EWSR1-ATF1/ by RTDOD 15 mo
PCR
EWSR1 rearrangement by
Liver mets at 6 mo
FISH
ND
NED 9 mo
EWSR1-CREB1 by RTMets to liver and
peritoneum at
PCR
60 mo
EWSR1-CREB1 by RTNA
PCR
EWSR1-CREB1 by RTPeritoneal and
liver mets at
PCR
diagnosis
EWSR1
Peritoneal and
rearrangement
liver mets; AWD
by FISH
EWSR1-ATF1 by RT-PCR
Local recurrence
EWSR1-ATF1 by RT-PCR;
DOD 15 mo
t(12;22)(q13;q12)
EWSR1 rearrangement by
NA
FISH
EWSR1 rearrangement by
NED 7 mo
FISH; EWSR1-ATF1 by
RT-PCR
EWSR1 rearrangement by
DOD 12 mo
FISH; EWSR1-ATF1 by
RT-PCR
EWSR1-ATF1 by RT-PCR
DOD 28 mo
EWSR1 rearrangement by
DOD 12 mo
FISH; EWSR1-ATF1 by
RT-PCR
EWSR1 rearrangement by
Liver mets at 2 mo
FISH
EWSR1 rearrangement by
NED 4 mo
FISH; EWSR1-ATF1 by
RT-PCR
EWSR1 rearrangement by
NA
FISH
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46/M

Jejunum

6.0

Positive

Negative

Early 20s/F
53/F

Ileum
Ileum

3.0
5.0

Positive
Positive

ND
Negative

Negative EWSR1 rearrangement by
FISH
ND
EWSR1-ATF1 by RT-PCR
Negative EWSR1-ATF1 by RT-PCR

26/F

13.5/10.1

Positive

Negative

Negative

66/M

Small and
large bowel1
Ileum

2.5

Positive

Negative

Negative

Balkaransingh et al[26]

15/M

Ileum

NA

ND

ND

ND

Yang et al[27]

15/M

Ileum

4.0

Positive

ND

ND

Suárez-Vilela et al[28]

36/F

Jejunum

1.5

Positive

Negative

Negative

D’Amico et al[29]

69/F

Ileum

4.0

Positive

Negative

ND

Lasithiotakis et al[30]

49/F

Jejunum

3.0

Positive

Negative

Negative

Huang et al[31]

45/F

Colon

4.0

Positive

Negative

Negative

Mallick et al[32]
Kong et al[33]

45/M
17/M

Jejunum
Stomach

4.4
6.0

Positive
Positive

Negative
Negative

Negative
Negative

Liu et al[34]
Thway et al[35]

76/M
36/M

Jejunum
Ileum

2.5
3.0

Positive
Positive

Negative
Negative

Negative
Negative

[36]

36/M

Pancreas

4.0

Positive

Positive

Positive

Yegen et al[37]

25/F

Ileum

3.2

Positive

Negative

Negative

Moslim et al[38]

57/M

5.5/7.5

Positive

Negative

Positive

Chen et al[39]

29/F

Duodenum
and Jejunum2
Jejunum

6.0

Positive

Negative

Negative

Our case

51/M

Duodenum
and Jejunum3

6.5/2.5/2.5

Positive

Positive

Positive

Terazawa et al[24]
Shenjere et al[25]

Huang

NA
NED at 24 mo
Regional LN mets at
diagnosis/
NED at 7 mo
NA

EWSR1-CREB1 by RTPCR
EWSR1-CREB1 by RTRegional LN mets at
PCR
diagnosis/NED
EWSR1 rearrangement by
NA
FISH
EWSR1 rearrangement by
Liver mets at 12 mo
FISH
EWSR1 rearrangement by
NA
FISH
EWSR1 rearrangement by
Liver mets at 2 mo
FISH
EWSR1 rearrangement by
NED 20 mo
FISH
EWSR1 rearrangement by
Liver mets at 20 mo
FISH
ND
NA
EWSR1 rearrangement by
NED 10 mo
FISH
EWSR1-ATF1 by RT-PCR
NA
EWSR1-CREB1 by RTDOD 7 mo
PCR
EWSR1 rearrangement by
Liver mets at 10 mo
FISH
EWSR1 rearrangement by Liver mets at diagnosis
FISH
and at 15 mo. Ovarian
mets and peritoneal
dissemination at 47 mo
EWSR1 rearrangement by NED 30 mo and then
FISH
DOD 4 mo later
EWSR1 rearrangement by
NED 17 mo
FISH
EWSR1 rearrangement
NED up to date
undetectable by FISH

1

Two simultaneous tumors in small and large bowel; 2Two simultaneous tumors in duodenum and jejunum; 3Three simultaneous tumors in duodenum and
jejunum. AWD: Alive with disease; DOD: Dead of disease; FISH: Fluorescence in situ hybridisation; LN: Lymph node; Mets: Metastases; NA: Not acquired;
ND: Not done; NED: No evidence of disease; RT: Reverse transcription.

mass lesion under the right ear that had grown noticeably over the past six
months and a one-year history of night sweat and frequent stool.

be highly aggressive, with high rates of local recurrence,
lymph node or visceral metastases, and death, generally
[41,46]
within < 36 mo
. In the current report, the patient
underwent excision of multiple intestinal neoplasms
and right parotidectomy before the first cycle of the
chemotherapy and no recurrence or metastasis has
been observed during the follow-up to date.
In conclusion, CCS-GI is a highly rare softtissue sarcoma with distinct morphological, immuno
histochemical, and genetic features. This case
demonstrates that the parotid gland is a potential
metastatic site for CCS-GI. Prior to developing a
routine method to diagnose and treat CCS-GI, more
cases need to be accumulated for further analysis.

Clinical diagnosis

A relatively well-defined soft mass with no tenderness was observed along with
multiple enlarged cervical nodules.

Differential diagnosis

Small intestinal stromal tumors, lymphoma, head and neck neoplasm,
sarcomatoid carcinoma.

Laboratory diagnosis

The patient’s laboratory test had no remarkable findings.

Imaging diagnosis

Positron emission tomography/computed tomography showed an intestinal mass
with involvement of multiple peripheral lymph nodes and mass in the right parotid.

COMMENTS
COMMENTS

Pathological diagnosis

Case characteristics

The intestinal neoplasms and parotid gland neoplasm were consistent with

A 51-year-old male presented with a two-year history of a growing painless
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CCS based on morphology and immunohistochemistry.

Treatment

12

The patient underwent curative resection and postoperative chemotherapy.

Related reports

Only 53 cases of clear-cell sarcomas of the gastrointestinal tract (CCSGI) have been reported in the literature to date, and CCS-GI shows distinct
morphological, immunohistochemical, and genetic features.

13

Term explanation

14

CCS-GI is a highly rare soft tissue sarcoma.

Experiences and lessons

The present case report is the third instance of diagnosis of simultaneous
multiple CCS-GIs to date and the first case of CCS-GI with metastasis to the
parotid gland.

15

Peer-review

The authors have described a case of multiple clear-cell sarcomas of the small
intestine with parotid gland metastasis. The article highlights the morphological,
immunohistochemical, and genetic features of the tumors.

16
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LETTERS TO THE EDITOR

Helicobacter is preserved in yeast vacuoles! Does Koch's
postulates confirm it?
Nader Alipour, Nasrin Gaeini

pylori )” not only has not been prepared in a scientific

Nader Alipour, Department of Medical Microbiology and
Biotechnology, DEU University and Graduate of Middle East
Technical university (METU), Ankara 06800, Turkey

manner but the methodology used was not adequate,
and therefore the conclusion reached was not correct.
First of all, “yeast” is a broad terminology covering
a great number of genera and species of unicellular
micro-organisms. The authors should have defined the
organism with its binary scientific name. This measure
would allow experiment reproduction by the scientific
community. Moreover, the criteria established by Robert
Koch to identify a specific microorganism or pathogen
was not adopted in the methodology used. Regarding
the methodology applied, use of the chicken eggyolk (IgY) antibody and PCR of the apparently tainted
yeast population to prove H. pylori existence in the
yeast vacuoles might be main factors for their wrong
conclusions. Bacterial tropism toward yeast extract is
a known phenomenon, and yeast extract is one of the
main ingredients in culture media. Their internalization
through phagocytosis or similar pathways does not
seem possible or practical because of the thick and
cellulosic yeast wall. While the small size of yeast cells
does not support their ability in harboring several H.
pylori , other observations such as inefficiency of antifungal therapy as anti-Helicobacter therapy strongly
reject the conclusion reached by the above-mentioned
article.
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Core tip: An article titled “Vacuoles of Candida yeast
behave as a specialized niche for Helicobacter pylori ,”
was published in the World Journal of Gastroenterology
(2014; 20: 5263-5273). This “letter to the editor” is
intended to demonstrate the shortcomings of that
article related to the methodologies applied, the
conclusion reached and the outcomes presented.

Abstract
The manuscript titled “Vacuoles of Candida yeast
behave as a specialized niche for Helicobacter pylori (H.
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was inside vacuoles embedded in the yeast cells! Yeast
extract is one of the main ingredients in the culture
media.
Internalization of food particles or bacteria into a
eukaryotic cell may adopt different pathways such as
phagocytosis and receptor- or transporter-mediated
transportation. Bacteria mostly enter larger cells with
soft and flexible membranes, such as the white blood
cells (through phagocytosis). The thick and cellulosic
nature of the yeast cell wall limits its phagocytic ability
and the direct entrance of large particles. On the other
hand, such ability can be easily acceptable in the
case of protozoa and amoeba with their pseudopods
and softer membranes. Cells that are specialized in
bacteria internalization and ingestion are known as
“Bacterivores”. Helicobacter must have magic ability
in passing through the thick cellulosic cell wall of the
yeast (like the internationally-known magician “David
Cooperfield” who appeared to pass through the Great
Wall of China only to have the reality demonstrated
to be a trick of the camera in the show). As the larger
size of Acanthamoeba indicates, these cells can
internalize several Helicobacter. Therefore, ingestion
of Helicobacter by Acanthamoeba seems more logical
than their ingestion by yeast cells.
Antibiotics are very slow in their entry into the
yeast cells compared to their entrance into the
Acanthamoeba. Therefore, it is very hard to imagine
complete eradication of the Helicobacter by antibiotics
if they are internalized into the Candida cells. Such
eradication will not be difficult, as it happens in infected
patient treatments, if the Helicobacter are located on
the surface of the yeast cells.
Moreover, the prevalence of Helicobacter infection
should be higher in females than males and patients
with human immunodeficiency virus, due to the higher
yeast infection rates in these two groups. In fact, the
[5-7]
situation is the other way around .
Interestingly, several articles in the literature have
shown similarity in prevalence of Acanthamoeba in
drinking water sampled from different geographical
locations and the prevalence of H. pylori in pati
[8-19]
ents
. While we cannot observe such overlap
between yeast and H. pylori incidences, it is more
logical to believe that yeast cannot be a reservoir of H.
pylori but that Acanthamoeba can play such a role.
Moreover, anti-Helicobacter therapies, including
anti-fungal drug usage, have not shown statistically
significant difference upon comparison with no
[17,20]
treatment
.
The above arguments reject the idea of yeast
harboring H. pylori in its vacuole. In theoretical
analysis, internalization of H. pylori by yeast cells
can be out of two possibilities: The Helicobacter
should cross the yeast external wall and then cross
the specific vacuole membrane where they will be
trapped even if they could multiply, or they should be
internalized via phagocytosis to end up in a digestive
vacuole and be digested. If we imagine that H. pylori

Alipour N, Gaeini N. Helicobacter is preserved in yeast vacuoles!
Does Koch’s postulates confirm it? World J Gastroenterol 2017;
23(12): 2266-2268 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2266.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2266

TO THE EDITOR
We read with interest the review article titled “Vacuoles
of Candida yeast behave as a specialized niche for
[1]
Helicobacter pylori (H. pylori)” by Siavoshi et al .
Based on the other research articles by the same
authors, this review article concludes that: H. pylori
are able to penetrate into the “Candida” yeast, multiply
inside its vacuoles, and potentially transfer into the
daughter cells when the yeast cells are dividing. They
hypothesized that the yeast can act as the vehicle
in transferring Helicobacter into human. They have
included figures demonstrating the presence of several
Helicobacter in Candida yeast cells. For the following
reasons, we do not agree with their methodology and
conclusion.
Yeast is a general word that describes a great
amount of genera and species of unicellular microorganisms, including beverage yeasts, baker’s yeasts,
fruit yeasts, food yeasts, industrial yeasts, environmental
yeasts, pathogenic yeasts, etc. A binary scientific
name must be indicated in scientific manuscripts (e.g.,
Saccharomyces cerevisiae, Saccharomyces boulardii,
Candida albicans, Candida tropicalis, Candida krusei
etc). They can be differentiated from each other by
simple biochemical tests. Without their identifications,
other scientists will not be able to reproduce these
outcomes in their own laboratories.
Koch’s postulates requires relying on the defined
standard methods and criteria. Culturing and subculturing micro-organisms in the required culture
media is one of these criteria. The authors have not
practiced these postulates due to the fastidious nature
of H. pylori.
Authors have used IgY “chicken egg-yolk antibodies”
against H. pylori, to demonstrate the presence of
H. pylori in yeast cells. However, IgY is not accurate
enough for such an experiment. Human serum IgG
antibodies of H. pylori from positive duodenal ulcer
patients could be a more reliable tool than chicken IgY.
Campylobacter which share similar antigenic cross
reaction with H. pylori is present in the normal flora
of poultry and chicken gut. So, antibodies produced in
chicken eggs cannot be accurate enough.
Bacterial tropism toward yeast extract is a known
[2,3]
phenomenon and has been reported by others .
This is a natural tropism of living bacteria toward food,
and is not a novel finding. Similarly, to Acanthamoeba
[4,5]
protozoa
histological smears from different
body fluids demonstrate their co-existence. Such
observation would not be possible if the Helicobacter
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may infect the yeast cells in a way comparable to
viral infection, it will be an exception for bacterial
pathogenesis and the propagation mechanism. Such
an idea needs an accurate and reliable study, however.
[1]
The positive PCR reaction stated in Siavoshi et al ’s
article, ought to have stemmed from the Helicobacter
located on the surface of the yeast cells.
In conclusion, with all respect to the authors
of the above-mentioned review article, we believe
that the interpretation of their observation is totally
wrong. While being aware of the symbiotic nature of
H. pylori and Candida yeast and the close relationship
between these two organisms, they went wrong on
internalization and survival of bacterial colonies inside
yeast vacuoles.
[1]
Our initial response to the Siavoshi et al article
[18]
was published as an independent manuscript .
We ought to admit that this was not an appropriate
approach to make our thought and beliefs known. We
were directed to express our comments in the form
of the present “Letter to the Editor”. We hope this
manuscript will clarify the issue and set the record
straight.
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EDITORIAL

Gastroesophageal reflux disease and morbid obesity: To
sleeve or not to sleeve?
Fabrizio Rebecchi, Marco E Allaix, Marco G Patti, Francisco Schlottmann, Mario Morino

Abstract

Fabrizio Rebecchi, Marco E Allaix, Mario Morino, Department
of Surgical Sciences, University of Torino, 10126 Torino, Italy

Laparoscopic sleeve gastrectomy (LSG) has reached
wide popularity during the last 15 years, due to the
limited morbidity and mortality rates, and the very
good weight loss results and effects on comorbid
conditions. However, there are concerns regarding
the effects of LSG on gastroesophageal reflux disease
(GERD). The interpretation of the current evidence
is challenged by the fact that the LSG technique is
not standardized, and most studies investigate the
presence of GERD by assessing symptoms and the
use of acid reducing medications only. A few studies
objectively investigated gastroesophageal function and
the reflux profile by esophageal manometry and 24-h
pH monitoring, reporting postoperative normalization
of esophageal acid exposure in up to 85% of patients
with preoperative GERD, and occurrence of de novo
GERD in about 5% of cases. There is increasing evi
dence showing the key role of the surgical technique
on the incidence of postoperative GERD. Main technical
issues are a relative narrowing of the mid portion
of the gastric sleeve, a redundant upper part of the
sleeve (both depending on the angle under which the
sleeve is stapled), and the presence of a hiatal hernia.
Concomitant hiatal hernia repair is recommended.
To date, either medical therapy with proton pump
inhibitors or conversion of LSG to laparoscopic Rouxen-Y gastric bypass are the available options for the
management of GERD after LSG. Recently, new mini
mally invasive approaches have been proposed in
®
patients with GERD and hypotensive LES: the LINX
Reflux Management System procedure and the Stre
®
tta procedure. Large studies are needed to assess the
safety and long-term efficacy of these new approaches.
In conclusion, the recent publication of pH monitoring
data and the new insights in the association between
sleeve morphology and GERD control have led to a
wider acceptance of LSG as bariatric procedure also
in obese patients with GERD, as recently stated in
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and the repair of a concomitant hiatal hernia, and new
minimally invasive approaches to manage postoperative
GERD are also discussed.

the 5 International Consensus Conference on sleeve
gastrectomy.
Key words: Sleeve gastrectomy; Gastroesophageal
reflux; Morbid obesity; Ambulatory pH monitoring;
Esophageal manometry

GERD AND LSG: THE EVIDENCE
Several studies have evaluated the effects of LSG
on pre-existing GERD and on the new onset of
GERD, showing controversial results: some reported
amelioration of GERD, while others showed the posto
perative occurrence of de novo GERD or worsening of
[7-44]
preoperative GERD
(Table 1). The analysis of the
literature is challenged by the heterogeneity of the
studies in regard to the definition of GERD the timing
of patients’ evaluation. Most studies defined GERD
based on proton pump inhibitors (PPIs) use, symptoms
evaluation, and presence of esophagitis. Only few
studies objectively analyzed patients by esophageal
[15,20,29,33,34,38,40,43,44]
manometry and 24-pH monitoring
.
Discordant data are available regarding the change
[25]
in the use of PPIs. While Catheline et al
observed
an increase in the use of PPI from 11.1% to 33.3%
at 5 years after LSG, a large population-based study
involving 1567 obese patients treated with LSG
found that 37.3% of patients who used acid reducing
medications preoperatively discontinued the treatment
[39]
at 1 year . This discordance is secondary to the fact
that the use of acid reducing medications has a poor
[19]
correlation with the presence of real GERD .
The studies that used validated questionnaires
to assess the prevalence of GERD after LSG report
[16]
conflicting results. For instance, Carter et al
found
that among 176 obese patients treated by LSG, the
incidence of GERD symptoms increased from 34.6% to
[36]
47.2%. Conversely, DuPree et al found a decrease in
GERD symptoms prevalence after LSG. They conducted
a retrospective review of the Bariatric Outcomes
Longitudinal Database over a 4-year period, including
a total of 4832 patients who had LSG for morbid
obesity, reporting resolution of symptoms in 15.9%.
We recently published the results of a prospective study
aiming to evaluate the physiopathologic changes after
[38]
LSG . A total of 28 patients with preoperative 24-h pH
monitoring positive for pathological reflux completed the
Gastroesophageal reflux disease Symptom Assessment
Scale (GSAS) questionnaire preoperatively and at 2
year-follow-up: the decrease in the GSAS score demon
strated a significant improvement of symptoms.
New-onset GERD has been investigated based
on symptom evaluation by several studies, reporting
a wide range of incidence, from 0% to 34.9%. For
[12]
instance, Himpens et al
invited 30 obese patients at
6 years or more after LSG to complete a questionnaire
on GERD symptoms. They reported new-onset GERD
symptoms in 23% of patients. However, the absence of
24-h pH monitoring data challenges the interpretation
of these findings. In a recently published prospective
series, we observed that GERD symptoms were present

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current evidence about reflux control and
the occurrence of de novo gastroesophageal reflux
disease (GERD) after laparoscopic sleeve gastrectomy
(LSG) is controversial. Recent studies that have
objectively evaluated GERD after LSG have shown no
significant increase in postoperative GERD. The absence
of mid-stomach narrowing and retained fundus, and
the repair of a concomitant hiatal hernia seem to
be key in reducing the risk of postoperative GERD.
We discuss the currently available evidence on the
impact of LSG on GERD, focusing on surgical technical
aspects and new minimally invasive approaches for the
management of postoperative GERD.
Rebecchi F, Allaix ME, Patti MG, Schlottmann F, Morino M.
Gastroesophageal reflux disease and morbid obesity: To sleeve
or not to sleeve? World J Gastroenterol 2017; 23(13): 2269-2275
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i13/2269.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i13.2269

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a highly
[1]
prevalent condition in morbid obese patients . The
pathophysiology by which the increase in body mass
index leads to increase in esophageal acid exposure
is multifactorial, with the increased intraabdominal
[2]
pressure playing a major role . Laparoscopic Rouxen-Y gastric bypass (LRYGB) is considered by most
experts the procedure of choice for the management
of GERD in obese patients, with excellent results in
[3,4]
terms of reflux control and long lasting weight loss .
During the last 15 years, laparoscopic sleeve gas
trectomy (LSG) has rapidly become a very popular
bariatric procedure, since it is less technically de
manding than LRYGB, it is burdened by low rates of
postoperative complications, and it is associated with
significant weight loss and improvement or resolution
[5]
of several comorbidities . However, the effect of LSG
on GERD is still unclear, with conflicting evidence about
pre-existing reflux control and the occurrence of de
[6]
novo GERD after surgery .
The aim of this paper is to critically analyze the
impact of LSG on GERD, in terms of symptom control
and changes in gastro-esophageal function. Surgical
technical aspects, including the shape of the sleeve
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Table 1 Laparoscopic sleeve gastrectomy and gastroesophageal reflux disease: Evidence from studies with more than 45 patients
followed up for at least 12 mo after surgery
Ref.

Moon Han et al[7]
Weiner et al[9]
Arias et al[11]
Lakdawala et al[14]
Carter et al[16]
Mohos et al[18]
Chopra et al[21]
Abrahim et al[23]
Tai et al[24]
Catheline et al[25]
Rawlins et al[26]
Zhang et al[28]
Carabotti et al[30]
Sharma et al[32]
Kular et al[35]
Våge et al[37]
Rebecchi et al[38]
Sheppard et al[42]

No. of
patients

Follow-up
(mo)

GERD
symptoms

Use of acid
reducing
medications

LES
pressure

Peristalsis
amplitude

DMS

New onset GERD
symptoms (%)

New onset pathologic
esophageal acid
exposure (%)

60
120
130
50
176
47
185
83
66
45
49
200
74
32
76
117
65
205

12
24
24
12
12
38
16
12
12
60
60
12
13
12
60
24
24
12

↓
↓
↑
↑
↑
↔
↓
↑
↑
↑
↓
↔
↔
↓
↑
↑
↓
↑

NR
↓
NR
NR
↑
↔
NR
NR
NR
↑
NR
↔
NR
NR
NR
NR
↓
↑

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
↔
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
↔
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
↓
NR

0
NR
2.1
4
12.6
NR
3.7
11.4
44.8
22.2
11
0.2
22
NR
15.7
14.6
5.4
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
5.4
NR

GERD: Gastroesophageal reflux disease; LES: Lower esophageal sphincter; DMS: DeMeester score; ↑: Increase; ↔: No differences; ↓: Decrease; NR: Not
reported.

in all obese patients with positive 24-h pH monitoring
at 2 years after surgery. However, the evaluation of the
correlation of symptoms with the pH monitoring trace
showed that only 5.4% (2/37) patients had real “de
novo” GERD. Outlet obstruction in the upper portion of
the gastric sleeve producing symptoms simulating “de
novo” GERD caused the pH decrease below 4 in 13.5%
[38]
(5/37) patients . These controversial findings highlight
the fact that GERD cannot be diagnosed on the basis
of symptoms evaluation only, since the sensitivity and
specificity of typical symptoms is low and leads to a
wrong diagnosis of GERD occurs in about one third of
[45]
cases .
To date, only a few studies have specifically
looked at changes in esophageal function after LSG
by using esophageal manometry, 24-h pH monitoring
or 24-h MII pH monitoring. Regarding manometric
changes, very controversial data have been pub
[15,20,29,33,34,38,40]
lished
. Some small studies have found a
significant decrease in lower esophageal sphincter (LES)
pressure, while others showed a significant increase in
LES pressure postoperatively. For instance, Braghetto
[15]
et al
prospectively evaluated 20 patients undergoing
LSG for morbid obesity. They showed that LES pressure
significantly decreased in 85% of patients at 6 mo
after surgery. Total length and abdominal length of the
high pressure zone were also reduced. The authors
proposed the partial section of the sling fibers of the
cardias as cause of these findings. On the contrary,
[20]
Petersen et al
reported an increase in LES pressure
regardless of the weight loss, suggesting that this
manometric change is related to the position of the
stapler in relation to the angle of His. Specifically, the
closer the staple line to the gastroesophageal junction,

WJG|www.wjgnet.com

the higher the LES pressure. In our prospective study
of 65 patients, we observed no significant manometric
changes in LES pressure and esophageal peristalsis
[38]
[33]
amplitude . Only Del Genio et al showed in a series
of 25 obese patients an increase in ineffective peristalsis
with no changes in LES function at a median follow-up
of 13 mo.
[33,38,40,43]
Only 4 studies
have objectively evaluated
the presence of pathologic reflux by 24-h MII pH
monitoring or 24-h pH monitoring at 12 mo or more
[33]
after LSG, reporting conflicting results. Del Genio et al
reported the results in a series of 25 obese patients
with no preoperative GERD, who were evaluated with
24-h MII pH monitoring preoperatively and 13 mo
postoperatively. They detected a significant increase in
the median DeMeester’s score (DMS), in the median
percentage with esophageal pH < 4 in supine position,
the total number of reflux episodes non-acid reflux
episodes in both upright and recumbent position.
[40]
Gorodner et al prospectively assessed the esophageal
function in 14 obese patients preoperatively and at
1 year after LSG. The DMS increased from 12.6 to
28.4 (p < 0.05): in particular, the number of episodes
longer than 5 min, duration of longest episode, % of
time the pH < 4 (total) increased. Overall, “de novo”
GERD developed in 5 (36%) patients, while pre-existing
GERD got worse in 3 (21%) patients. Very recently,
[43]
Georgia et al prospectively studied 12 obese patients
without preoperative reflux symptoms by using 24-h
multichannel intraluminal impedance-pHmetry (MIIpH)
before and one year after LSG. Mean preoperative DMS
was 18.15. DMS was abnormal in 5 (42.7%) patients.
Postoperatively, abnormal DMS was detected in 10
(83.3%) patients. At one year after surgery, DMS was
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almost 2.5 times higher than the preoperative DMS.
[38]
In our study , 24-h pH monitoring performed at
2 years after surgery in 28 patients with preoperative
GERD showed significantly decreased DMS and total
%pH < 4. Four (14.3%) patients still had pathologic,
even though reduced, esophageal acid exposure.
We observed a significant postoperative decrease in
both mean symptom index (SI) score and percentage
of patients with SI greater than 50% (from 89.3%
preoperatively to 14.3% postoperatively). Among
patients with negative preoperative 24-h pH monitoring,
7 (18.9%) patients had pathologic DMS and total
%pH < 4. No significant changes in the mean SI score
were reported at 2 years after LSG compared with the
baseline value. Overall, we observed a slightly increase
in the percentage of patients with SI of more than
50%, from 8.1% before LSG to 18.9% at 2 years after
LSG (p = 0.308). However, as mentioned before, real
“de novo” GERD was detected in 5.4% (2/37) patients
according to the correlation between symptoms and the
24-h pH monitoring data.

narrowing impairs the emptying of the upper part of the
sleeve, causes food stasis and fermentation, while the
retained fundus keeps producing acid, thus favouring
the onset of reflux of acid gastric contents into the
esophagus. Similar findings were recently reported
[49]
by Toro et al . They reviewed 76 patients who had
routine upper gastrointestinal series with Gastrografin
on postoperative day 1 or 2 after LSG and completed
the GERD-HRQL score. Sleeve shape was classified as
upper pouch, lower pouch, tubular or dumbbell. At 12
mo, 59.2% of patients did not report any GERD-related
symptom, while only 7.8% complained moderate to
severe reflux symptoms. Patients with the upper pouch
shape had the highest severity of symptoms according
to the GERD-HRQL score. The lower pouch shape was
on the contrary associated with fewer GERD symptoms,
suggesting an effective gastric emptying when the
antrum is preserved.
The impact of the size of the bougie on the pre
vention of sleeve narrowing and GERD is unclear, since
there is no standardization of the surgical technique (the
diameter of the bougies used ranges between 26.4 Fr to
50 Fr). While there is increasing consensus that smaller
bougies are associated with leaks secondary to gastric
[50]
strictures , the limited data available do not allow to
draw any association between the size of the bougie
and GERD. The use of a smaller bougie might lead to
the creation of a narrower sleeve with a higher intrasleeve pressure, thus exposing the patient to a higher
risk of postoperative GERD. However, the use of a
larger bougie might also favour the occurrence of GERD
because the creation of a larger sleeve is associated
with reduced weight loss and increased number of
residual parietal cells.
Finally, the presence of a hiatal hernia is not con
sidered by many bariatric surgeons a contraindication
[50]
to LSG . However, the current evidence on this topic is
limited by several factors: (1) there are very few studies
including more than 100 patients; (2) mean follow-up
is short; and (3) those studies that describe the hiatal
hernia repair report different ways to close the hiatus:
suture posterior cruroplasty (most common), suture
anterior cruroplasty. and hiatal herniorrhaphy with
mesh (biological or polypropylene mesh). In addition,
all studies based their results on symptom evalua
tion without assessing postoperative GERD by 24-h
pH monitoring or 24-h pH MII monitoring. A recent
[51]
review of the literature
investigated the results and
the technical aspects of simultaneous LSG and hiatal
hernia repair. A total of 17 studies (737 patients) were
included. Mean follow-up was 13.9 mo. Most studies
reported satisfactory postoperative results in terms
of reduction of symptoms and use of acid reducing
[52]
medications . However, less satisfactory results have
[53,54]
been recently reported
. For instance, Santonicola
[53]
et al
compared 78 patients undergoing LSG and HH
repair with 102 patients without HH who underwent
LSG alone. With a mean follow-up of 14.6 mo in the

PROPOSED MECHANISMS FAVORING
THE OCCURRENCE OF GERD AFTER LSG
Several anatomic and pathophysiologic changes of the
LES function secondary to the creation of the gastric
sleeve that might cause GERD after LSG have been
hypothesized. While data regarding LES function are
scarce and controversial, there is increasing evidence
supporting the key role of the surgical technique on
the incidence of postoperative GERD. Main surgical
technical issues are: a relative narrowing of the mid
portion of the sleeve, a redundant upper part of
the sleeve and the presence of a concomitant hiatal
[46]
hernia .
The shape of the gastric sleeve plays a major role
[47]
in leading to GERD. For instance, Himpens et al
noted that GERD symptoms were reported by 21.8%
of patients at 1 year after LSG, by 3.1% of patients at
3 years and again by 23% of patients at 6-year follow[12]
up . While the decrease of the incidence of GERD
symptoms may be secondary to the increase in gastric
compliance, the late reappearance of symptoms might
be explained by weight regain with associated increased
intra-abdominal pressure, and dilatation of the proximal
[12]
sleeve leading to the formation of a “neofundus” .
[48]
Keidar et al
reviewed the UGI Gastrografin series
obtained on postoperative day 1 in 8 patients who
developed postoperative GERD. They found that a
combination of dilated upper portion of the sleeve and
a relative narrowing of the mid-stomach was present in
all patients. This anatomical situation may be secondary
to a too narrow construction of the sleeve in association
with retention of part of the gastric fundus by stapling
far away from the left pillar of the crus, in order to
minimize the risk of postoperative upper gastric fistulas.
It has been speculated that the relative mid-gastric
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LSG with HH repair group and 17.1 mo in the LSG
only group, a significant reduction in the prevalence of
GERD symptoms was reported only in patients treated
with LSG alone, while no improvement was observed
among patients undergoing LSG and HH repair. In the
absence of recommendations about the use of mesh
[55]
to close large hiatal hernia defects, Ruscio et al
recently reported no mortality and no mesh-related
complications in 48 patients undergoing LSG with onlay synthetic absorbable mesh-reinforced cruroplasty for
2
a large HH (hiatal area defect > 4 and < 8 cm ). With
a mean follow-up of 19 mo, GERD symptoms resolved
in 95% of patients, while de novo GERD symptoms
developed in 3.6% of patients:
We feel that large prospective (randomized) studies
with long follow-up and objective evaluation of GERD
are needed before drawing any definitive conclusion
on the real effect of LSG in patients with concomitant
hiatal hernia.

the few patients evaluated and the lack of long-term
follow-up do not let draw any conclusion and further
large prospective studies are awaited.
®
The Stretta (Mederi Therapeutics Inc, Norwalk,
CT, United States) procedure has been studied in nonobese patients only, and has been shown to lead to
durable improvement of symptoms and decrease in
[64,65]
acid reducing medications use in selected patients
.
The first study that will give some information about
the outcomes in patients treated with Stretta after
LSG is the ongoing observational prospective study
Management of Reflux after Sleeve using Stretta
(MaRSS), ClinicalTrials.gov Identifier: NCT02637713.

CONCLUSION
There is a multifactorial relationship between LSG and
GERD. Most recent studies have shown satisfactory
postoperative reflux control in the majority of patients
and low rates of de novo GERD. The shape of the
gastric sleeve appears to be one of the main factors
predicting the risk of postoperative GERD. These data
are leading to a wider acceptance of LSG as bariatric
procedure also in obese patients with GERD, provided
that a tubular sleeve is created, as recently stated in
th
the 5 International Consensus Conference on sleeve
[50]
gastrectomy .

TREATMENT OPTIONS OF GERD IN
PATIENTS AFTER LSG: THE PRESENT
AND FUTURE PERSPECTIVES
Medical therapy with PPIs represents the initial
treatment option in patients with GERD after LSG.
However, data reported in the literature regarding the
efficacy of this approach are heterogeneous, mainly
due to the lack of consistency in defining GERD. For
[56]
instance, Hendricks et al
recently analyzed 919
obese patients undergoing LSG. GERD was defined
based on pH manometric findings. They found de
novo GERD in 3% of patients: most patients were
successfully managed with low or high doses of PPIs
and conversion to LRYGB was necessary in only 4% of
[42]
them. Sheppard et al
found similar results. On the
contrary, other authors reported high rates of failure of
PPI therapy, suggesting revisional surgery in patients
[57,58]
with refractory GERD after LSG
.
To date, conversion of LSG to LRYGB is the pro
cedure of choice in patients with objectively docu
mented postoperative GERD. Several studies have
reported excellent results in terms of improvement
[57-61]
or resolution of reflux symptoms
. Revisional
minimally invasive gastric gastric bypass is highly
effective in controlling GERD related symptoms and
[62]
is currently the standard option in these patients .
Very recently, new minimally invasive approaches
have been proposed in patients with GERD and
®
hypotensive LES: the LINX Reflux Management
®
System procedure and the Stretta procedure. Desart
[63]
et al
retrospectively revised retrospective reviewed
7 consecutive patients treated with the laparoscopic
®
placement of the LINX magnetic sphincter device
(Torax Medical Inc, Shoreview, MN, United States)
for refractory GERD after LSG. All patients reported a
significant improvement in GERS symptoms at 2 to 4
wk after surgery. While these results are promising,
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Abstract

Chandra Diwakarla, Desmond Yip, Department of Medical
Oncology, The Canberra Hospital, Woden ACT 2605, Australia

Pancreatic ductal adenocarcinoma is a devastating
disease with a poor prognosis regardless of stage. To
date the mainstay of therapy for advanced disease
has been chemotherapy with little incremental im
provements in outcome. Despite extensive research
investigating new treatment options the current
practices continue to utilise fluorouracil or gemcitabine
containing combinations. The need for novel the
rapeutic approaches is mandated by the ongoing
poor survival rates associated with this disease. One
such approach may include manipulation of ribosome
biogenesis and the nucleolar stress response, which has
recently been applied to haematological malignancies
such as lymphoma and prostate cancer with promising
results. This review will focus on the current therapeutic
options for pancreatic ductal adenocarcinoma and
the complexities associated with developing novel
treatments, with a particular emphasis on the role of
the nucleolus as a treatment strategy.
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metastatic disease who progressed following a
[9]
gemcitabine based approach . In its nanoliposomal
form, irinotecan has improved drug stability allowing
its active metabolite, SN-38, to remain in circulation
longer than free irinotecan, ultimately prolonging intra[10,11]
tumoral levels of the active drug
. The median
OS was significantly improved for those receiving
nanoliposomal irinotecan, fluorouracil plus folinic acid
(6.1 mo vs 4.2 mo) compared with patients who did
not receive nanoliposomal irinotecan. Similarly, the PFS
noted for those receiving combination therapy with
nanoliposomal irinotecan was significantly improved
compared to fluorouracil and folinic acid alone at 3.1
mo vs 1.5 mo. Differences between nanoliposomal
irinotecan monotherapy and fluorouracil with folinic
[9]
acid alone were not statistically significant . Based on
this study and others the FDA has approved the use of
nanoliposomal irinotecan with fluorouracil and folinic
acid for treatment of metastatic PDAC refractory to
gemcitabine based therapy. Interestingly the toxicities
seen with this newer regimen were relatively similar
to those seen with FOLFIRINOX and gemcitabine with
nab-paclitaxel including grade 3 or 4 toxicities in such
domains as neutropenia, diarrhoea, vomiting and fatigue.
While new chemotherapy combinations have shown
promise in the clinical setting, PDAC remains a difficult
disease to manage due to multiple factors including
patient age, medical co-morbidities and cancer related
symptoms. As is often the case in advanced/metastatic
malignancies, the art of medicine relies on achieving a
balance between therapeutic gain, drug induced side
effects and quality of life. To this end, novel approaches
that are non, or at least minimally genotoxic are of
particular interest. The potential advantages observed
with targeted therapies in reducing systemic side
effects and improving outcomes for other malignancies
have gained interest in the realm of PDAC and will be
briefly discussed in this review with a particular focus
on the emerging role of nucleolar stress pathway and
ribosome biogenesis as a potential treatment option
given its promising results in the management of
[12-14]
haematological malignancies and prostate cancer
.

INTRODUCTION
Advanced pancreatic ductal adenocarcinoma (PDAC)
remains a significant cause of mortality accounting for
[1]
up to 4% of all cancer related deaths world-wide .
Of concern, despite treatment, the mortality rates
remain high and essentially unchanged over the last
[2]
two decades . Furthermore, even in the setting of
adjuvant therapy, 5 year survival rates remain poor
[2]
[3]
at only 25% , while for metastatic disease it is 1% .
Such poor statistics are no doubt compounded by the
fact that current backbones to treatment, fluorouracil
or gemcitabine, have also remained unchanged over
the last 10-20 years and continue to form the basis
[4]
for new combination approaches . As a consequence,
there is an ongoing need for the development of im
proved diagnostic techniques, treatment options and
surveillance markers to improve the outcomes for this
devastating disease.
In recent years, various studies have focused on
trialling new chemotherapeutic drug combinations for
the treatment of PDAC. The PRODIGY 4/ACCORD 11
[5,6]
trial
demonstrated that FOLFIRINOX, a combination
of fluorouracil, oxaliplatin and irinotecan, provided
superior progression free survival (PFS), overall survival
(OS) and response compared with gemcitabine alone
for patients with metastatic disease. Unfortunately,
however, the drawback was that many patients dis
played significant toxicity associated with this multidrug
approach including an higher incidence of grade 3 or 4
[5]
neutropenia and thrombocytopenia .
Two years later, the MPACT trial compared the
combination of gemcitabine and nab-paclitaxel against
gemcitabine alone in a total of 842 patients and
demonstrated a statistically significant improvement in
[7]
median OS (8.7 mo vs 6.6 mo) and was particularly
interesting given that previous investigations comparing
gemcitabine combinations against gemcitabine alone for
PDAC had been negative. Importantly, this trial did not
exclude more elderly patients unlike the ACCORD-11
study which only incorporated patients with a mean
[5]
age of 61 years . In keeping with PDAC demographics,
MPACT included patients with a mean age for men of 71
[8]
and 75 for women . Toxicities related to gemcitabine
and nab-paclitaxel were overall very similar to those
seen with FOLFIRINOX though there is a perception that
FOLFIRINOX is best reserved for “fit” patients despite
the two regimens never formally being compared.
More recently, the NAPOLI-1 study compared the
effect of nanoliposomal irinotecan with or without
fluorouracil and folinic acid as well as the combination
of fluorouracil and folinic acid alone in patients with
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DISEASE COMPLEXITIES
When evaluating the role of novel therapies, it is
important to understand potential interactions with the
disease in question, specifically focusing on disease
factors that could impact on drug delivery, tolerability
or dosing for example. PDAC is associated with multiple
complexities which have precluded the development
of novel approaches and therefore require due con
sideration.

Patient factors

PDAC is a disease of the elderly, presenting on average
[3]
at 71 years of age . Up to 9% of patients present with
localised disease however, the majority are diagnosed

2277

April 7, 2017|Volume 23|Issue 13|

Diwakarla C et al . Advanced pancreatic ductal adenocarcinoma
with either locally advanced or metastatic disease at
[15]
their first consultation . Due its anatomical location
the symptoms associated with PDAC tend to occur
insidiously therefore contributing to the often delayed
[16]
time to investigation and subsequent diagnosis .
Such patient factors have important implications on
treatment decisions which may in part explain the
limited use of FOLFIRINOX in many patients despite its
[5]
improved median OS, PFS and objective response .
Given the advanced age and stage at diagnosis
the traditional focus on clinical outcomes and survival
for interventional studies of PDAC management have
shifted with increasingly more importance being placed
on patient reported outcomes such as pain manage
ment and appetite. This is of particular importance for
[17]
advanced PDAC given its poor prognosis . Without
acknowledging the impact the treatment may have on
patient reported outcomes, therapeutic advancements
may be futile, thus developing drugs that are minimally
toxic would be beneficial, yet to date, therapeutic
advancements have continued to cause very similar
side effect profiles to one another.

receptor (EGFR) and vascular endothelial growth factor
receptor which have important roles in the RAS/RAF
pathway as outlined in figure 1. Furthermore it is now
clear that drugs such as nab-paclitaxel have therapeutic
actions against some of these pathways either directly
or downstream accounting for their efficacy.
[21]
Recent data published in Nature by Waddell et al
reported the complex mutational landscape of PDAC,
identifying multiple point mutations and structural
variations in key genes. This data confirmed that KRAS
abnormalities were almost ubiquitous while TP53
lesions were noted in 74% of samples, closely followed
by CDKN2A lesions (35%) and SMAD4 abnormalities
(31%). Through their analysis, PDAC was sub classified
into 4 subtypes based on the distribution of events
such that samples fell into either stable, scattered,
unstable or locally arranged groupings. Of interest,
the same study established a relationship between
mutational load and abnormalities affecting DNA
[25]
[26]
maintenance genes, specifically BRCA and PALB2 .
It is not surprising that PDAC associated with either
PALB2 or BRCA2 mutations should behave in a similar
fashion given their roles in DNA damage and repair.
PALB2 binds and co-localizes with BRCA2 in order
to facilitate double stranded DNA damage. In cases
where PDAC harbours BRCA2 mutations there is good
evidence for improved response to platinum containing
[21]
therapies unlike other forms of PDAC . For PALB2
mutant disease there have been a number of reports
noting improved outcomes in response to platinum
based therapies or mitomycin C when compared with
[27,28]
gemcitabine
and there is potential for targeted
treatment with poly ADP ribose polymerase (PARP)
inhibitors especially in the setting of BRCA2 as seen in
breast and ovarian cancers.
Further to the comprehensive studies of Waddell
[21]
[22]
et al , Bailey et al
identified aggregates of point
mutations in core molecular pathways affecting ce
llular functions including DNA damage and repair
pathways, cell cycle regulation, transforming growth
factor beta (TGFβ) signalling, chromatin regulation
and axonal guidance. Based on the expression of 32
recurrently mutated genes found to aggregate into ten
distinct pathways. From this analysis four subtypes
were identified, comprising of, squamous, pancreatic
progenitor, immunogenic and aberrantly differentiated
[22]
endocrine and exocrine categories . Similar to Waddell
[21]
et al the implications of these findings may potentially
identify opportunities for therapeutic development.
While these data have provided valuable insights into
the complex molecular basis of PDAC many studies
have previously attempted to manipulate some of these
genes and/or pathways at various levels already and
will be briefly discussed here.
Given the near ubiquitous nature of KRAS mutations
in PDAC, targeting this gene and its associated pathways
has been an area of interest however thus far this has
not translated to clinically significant outcomes. In an

Genetic basis of PDAC

Inherited predispositions to PDAC account for 5%-10%
[18]
of cases . In ongoing studies through the Australasian
[19]
Pancreatic Cancer Genome Initiative, Humphris et al
described the manifestations of inherited PDAC
as occurring in 3 distinct settings, hereditary tumour
predisposition syndromes, hereditary pancreatitis and
familial pancreatic cancers which were further defined
as occurring in a kindred in whom at least 2 first
degree relatives have PDAC without diagnostic criteria
[19,20]
for an inherited cancer syndrome
. Interestingly
some of the genes identified in hereditary forms of
PDAC affect pathways involved in DNA repair such
as BRCA1/2 and PALB2 which have been noted in
more recent detailed sequencing/mutational studies
[21]
[22]
presented by Waddell et al and Bailey et al in two
separate comprehensive analyses. While inherited forms
of cancer are of interest the vast majority of genetic/
metabolic pathway abnormalities are not inherited and
form the basis of most PDAC cases.
Four major driver genes, KRAS, TP53, CDKN2A
and SMAD4 have been identified in the development
[22]
of PDAC , each sharing common oncogenic signalling
pathways. KRAS mutations occur in > 90% of tumours
and may represent the underlying insult to numerous
subsequent events contributing to disease development.
This mutation is widely accepted as a requirement for
“reprogramming” pancreatic cell metabolism to facilitate
the acidic environment needed for extracellular matrix
[23,24]
breakdown and tumour invasion common to PDAC
.
Of interest, the complex genetic and metabolic
pathways associated with PDAC have identified
various interactions and sites which can be utilised
for therapeutic means. Among these include certain
growth factor receptors such as epidermal growth factor

WJG|www.wjgnet.com

2278

April 7, 2017|Volume 23|Issue 13|

Diwakarla C et al . Advanced pancreatic ductal adenocarcinoma
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Figure 1 Schematic of major pathways associated with pancreatic ductal adenocarcinoma and site of action of current treatments. Multiple pathways and
receptors are associated with the development of pancreatic ductal adenocarcinoma (PDAC) including epidermal growth factor receptors (EGFR), human epidermal
growth factor receptor 2 (Her2), and vascular endothelial growth factor receptor (VEGFR). All of these have important roles in the RAS/RAF/MEK/ERK and AKT/
PI3K/mTOR pathways involved in cell growth. EGFR also has a role in the JAK/STAT pathway necessary for activation of signalling cascades and gene transcription.
Transforming growth factor (TGF-β) is a multifunctional cytokine involved in various processes some of which are mediated by SMAD 4, a known mutation associated
with development of PDAC. Current therapeutics target these processes at various sites.

effort to target as many known mutations/pathways as
possible various studies have focused on novel therapies
in combination with known chemotherapeutics in the
hopes that treatment outcomes improve.
Selumetinib, an orally bioavailable selective MEK1/2
inhibitor showed promise in preclinical studies but failed
to demonstrate a survival advantage in the second
line setting when compared with the oral equivalent
[29]
to fluorouracil, capecitabine . Similarly, attempts at
targeting other known PDAC genes/pathways including
[30,31]
P13K/Akt/mTOR have been clinically disappointing
.
Her2/neu amplification is well characterised in a
number of malignancies which have shown response
when used as druggable targets in breast and gastric
[32-34]
malignancies for example
. In PDAC, Her2/neu is
[35]
amplified in up to 45% of cases , particularly in the
advanced setting. Unfortunately, while initial pre-clinical
studies indicated a potential role for Her-2 directed
therapy specifically trastuzumab as a monotherapy
[36]
or in combination with gemcitabine
it did not prove
clinically advantageous. Similarly, investigations
combining trastuzumab with capecitabine were disa
[35]
ppointing . In a related fashion EGFR which is known
to co-express with Her2 has also been investigated
with statistical gains noted for the EGFR inhibitor
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erlotinib in conjunction with gemcitabine, however this
was only in the order of two weeks survival benefit
and little mention of the related quality of life impact
[34]
secondary to treatment was reported .
The JAK/STAT pathway has also been implicated as
a regulator in the development of PDAC via its role in
activating signalling cascades and gene transcription.
Stimulated by oxidative stress, this pathway ultimately
induces the production of inflammatory cytokines as
well as cell proliferation, malignant transformation
[37,38]
and inhibition of apoptosis in the pancreas
. This
association with inflammation has prompted trials of
the JAK-1/2 inhibitor ruxolotinib in combination with
capecitabine for patients with metastatic PDAC after
failure of first line therapy if patients expressed ele
vated inflammatory markers as assessed by C-reactive
[39]
protein . In this phase Ⅱ randomised trial, 127 patients
were treated with either ruxolotinib and capecitabine or
capecitabine and placebo. However, interim analyses
failed to demonstrate sufficient efficacy with ruxolotinib
combination therapy and further investigations of this
[40]
drug has been suspended .
Together this information provides us with a raft
of data for potential therapeutic targets, whether
via drivers, alterations in signalling pathways or
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susceptibility genes. For example in the case of PALB2
mutation-associated disease there are multiple reports
suggesting improved outcomes in response to platinum
based therapy or mitomycin C when compared with
[27,28]
gemcitabine
suggesting that a more comprehensive
understanding of the genetic complexity of PDAC will
assist in treatment decisions. Thus understanding the
similarities and differences between the “poor” and
“exceptional responders” may provide biomarkers
to identify patients who might benefit from these
[41]
treatments and improve outcomes .

PDAC.
Growth factors such as TGF-β are produced by cells
within the stromal microenvironment. Interestingly
TGF-β levels correlate with tumour metastases and
[55]
progression as well as poorer patient outcomes .
The specific role for TGF-β in this case is not clear but
may involve regulation of cell cycle arrest, apoptosis,
immune response and/or wound healing. Activated
TGF-β signalling is mediated via SMADs, a known driver
of PDAC, which is also reported to correlate with worse
[56,57]
prognosis or disseminated disease
.
Intriguingly TGF-β has been reported as a tumour
suppressor in early stages of malignancy but a pro
[58]
moter in established disease
further emphasising
the complex nature of PDAC.
Despite the steady accumulation of knowledge from
studies into genetic and molecular pathways, complex
stromal characteristics and better drug delivery remains
an ongoing issue further prompting investigations of
novel approaches such as nucleolar stress pathways
and ribosome biogenesis.

Stromal microenvironment and drug delivery

PDAC is characterised by the surrounding cells,
specifically activated fibroblasts, myofibroblasts
and pancreatic stellate cells which contribute to the
composition of the surrounding matrix, elements
such as hyaluronan, growth factors (e.g., TGF-β) and
[42,43]
secreted protein acidic rich in cysteine (SPARC)
.
These result in a unique stromal microenvironment
which may not only promote tumour initiation and
progression but also create a barrier to drug delivery
thus rendering PDAC relatively chemoresistant.
Consequently, much effort has focused on ways to
deplete or manipulate the stromal microenvironment
and improve therapeutic outcomes.
SPARC is a glycoprotein believed to be involved
in cancer development via its modulation of cell
proliferation, progression, angiogenesis, migration,
[44]
metastasis and apoptosis . It’s normal role in cellular
functions is thought to be multifactorial with effects
on cell dispersion and chemosensitization as well as
induction of apoptosis but also has antiangiogenic
[45-48]
properties
. While the intricacies of SPARC and
cancer are yet to be fully elucidated its potential to
increase the invasive capacity of malignant cells and
[7]
possible association with poor prognosis is recognised .
Of interest, SPARC methylation leading to pathogenesis
correlates with both tobacco smoking and alcohol
consumption, which are known associated modifiable
[49]
risk factors for PDAC .
Interestingly gemcitabine has been reported to
alter SPARC expression in a dose dependent manner in
[50]
cell lines
however, there is also evidence to suggest
that SPARC overexpression enhances PDAC cell
[51]
chemosensitivity to gemcitabine . In fact, SPARC may
actually assist in the delivery of nab-paclitaxel to the
[52]
tumour due to its affinity for albumin . Nab-paclitaxel
is formulated with human albumin at concentrations
that closely resemble physiological albumin levels. This
feature seems to enable nab-paclitaxel to penetrate
the stromal environment and reach the tumour more
[53]
efficiently . Despite these studies however the role
for SPARC within the stromal micro-environment and
its implications on therapy remain controversial. For
[54]
example data presented by Hidalgo et al reported no
clear association between SPARC levels and treatment
efficacy with combination therapy using gemcitabine
and nab-paclitaxel or gemcitabine alone in metastatic

WJG|www.wjgnet.com

RIBOSOME BIOGENESIS
Ribosome biogenesis is a highly coordinated process
which takes place within a dynamic compartment
of the nucleus termed the nucleolus. Long before
the functional role of the nucleolus was established,
[59]
Pianese
noted that malignant cells were often
characterised by enlarged, abnormal nucleoli. Since
then, numerous studies have correlated morphological
changes of the nucleoli with malignant disease.
It is now clear that the morphological changes
affecting nucleoli in malignant cells reflects hype
ractivated transcription of ribosomal RNA (rRNA)
genes by RNA polymerase I (Pol I) yielding the
47S rRNA precursor which is rapidly processed into
[60]
mature 18, 5.8 and 28S rRNAs
while the 5S rRNA
precursor is transcribed by RNA polymerase III (Pol
III). These RNA’s together with ribosomal proteins
(RPs) transcribed by RNA polymerase II (Pol II)
are essential for ribosome assembly, central to the
[61,62]
synthesis of cellular proteins
. Co-ordination of all
three polymerases is necessary for the development of
a functional mammalian ribosome (80S) composed of
[62,63]
a small (40S) and large (60S) subunit
.
During active cell division and proliferation ribosome
biogenesis increases so as to maintain elevated cellular
demands. It is not surprising that this process is a
major consumer of cellular energy requiring vigilant
[64,65]
regulation
. However, ribosome biogenesis is not
only regulated by RNA polymerases, as depicted
in figure 2, but also involves a number of tumour
[66]
including c-myc, con
suppressors or oncoproteins
[67]
sidered a “master regulator” of protein synthesis .
Conversely p53 has an important place in inhibiting
[68]
ribosome biogenesis and promoting cell cycle arrest,
senescence or apoptosis.
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PI3K/AKT/mTOR
RAS/RAF/MEK
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p53
Pol I transcription
complex

Pol II transcription
of RP's

rDNA repeat

28S and 5.8S rRNA

18S rRNA

40S

Pol III transcription of 5S rRNA, incorporated
into 60S pre subunit

60S
80S functional
ribosome

RP's

Cell growth and proliferation

Figure 2 Pathways involved in ribosome biogenesis. The first rate limiting step in ribosome biogenesis is the transcription of the rRNA genes by Pol I which forms
a multiprotein transcription complex at the rDNA promotor[62]. Green arrows indicate up stream regulators which exert positive effects on the Pol I transcription complex
including multiple pathways such as PI3K/AKT/mTOR, RAS/RAF/MEK and Myc which functions as the “master regulator” for cell growth[64]. The mature rRNAs
together with ribosomal proteins assemble into the 40 and 60S ribosomal subunits, which then form the functional 80S ribosome[62]. Transcription of the rDNA repeat is
negatively influenced by p53 (as shown by the red line) to ensure that cell growth/proliferation is tightly regulated.
[73]

In normal cells, levels of p53 protein are typically
[69]
low , kept in check by various mechanisms including
[62]
MDM2, an E3 ubiquitin ligase , as shown in figure 3,
allowing cell division and proliferation.

stood, more recent research by Quin et al
has
identified p53 independent mechanisms involving
activation of ATM/ATR signalling which occurs without
[73]
the induction of global DNA damage . Evidently,
ribosome biogenesis is a highly complex and finely
balanced process involving multiple key effectors.
Disruption of any of these components can mediate the
nucleolar stress pathway and have detrimental effects
on cell growth and proliferation. It is this feature along
with the potential for reduced global DNA damage that
makes targeting dysregulated ribosome biogenesis an
attractive therapeutic option.

Nucleolar stress

Disruptions in ribosome synthesis lead to nucleolar
stress which in turn results in nucleolar disruption and
the release of RP’s i.e., RPL5 and RPL1. These RPs
are able to bind to MDM2 and interrupt its interaction
[60,70]
with p53
. Similarly, the product of the CDKN2A
[60]
gene, p14ARF, is also able to exert effects on MDM2 .
Ultimately, these pathways lead to stabilisation of p53
allowing it to act on various transcriptional targets
and induce apoptosis, senescence and/or cell cycle
arrest depicted in figure 3. Importantly one of the
transcriptional targets for p53 is the MDM2 gene
setting up an autologous feedback loop to maintain
[62,71,72]
genomic and cellular homeostasis
keeping the
process of cell death and proliferation in check.
When the above mentioned homeostatic mechanisms
are impaired however, ribosome biogenesis becomes
dysregulated and the balance between cell growth and
arrest is compromised leading to unchecked cellular
proliferation and malignant transformation. Activation of
the nucleolar stress pathway may therefore provide a
therapeutic strategy against aggressive malignancies.
While p53 dependent nucleolar stress is well under
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Therapeutic targeting of dysregulated ribosome
biogenesis

Many regulators of ribosome biogenesis are also
involved in malignant diseases including PDAC. For
example, activation of RAS or PI3K pathways known to
be involved in PDAC are critical for coordinating protein
synthesising capacity (ribosome number) required for
maintaining cellular growth and proliferation. Other
genes and their products, such as c-myc and p53
also have significant roles in ribosome biogenesis and
malignancy when overexpressed or mutated. Attempts
at targeting these various genes and pathways have
been disappointing in the realm of PDAC but tackling
dysregulated ribosome biogenesis have shown more
promise.
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Figure 3 Effects on ribosome biogenesis under normal conditions and in response to nucleolar stress. Under normal conditions, p53 levels are kept at a
minimum by MDM2. This allows normal cell growth and proliferation. With nucleolar stress, RPs L5 and L11 are able to bind to MDM2 as does p14ARF. This blocks
the ability for MDM2 to inhibit p53. Similarly, p53 independent mechanisms also block ribosome biogenesis leading to cell cycle arrest, senescence or apoptosis.
[12]

Pivotal studies conducted by Bywater et al ,
provided proof of principal for the benefits of targeting
dysregulated ribosome biogenesis as demonstrated
by CX5461, a novel small molecule Pol I inhibitor,
investigated in the Eµ-Myc mouse model of Burkitt’s
lymphoma. In this model, cells are highly proliferative
and have elevated RNA levels, including rRNA, which
correlates with accelerated Pol I transcription and cell
growth. Pharmacological inhibition of Pol I transcription
with CX5461 induced nucleolar stress leading to an
increase in p53 levels resulting in apoptotic cell death
of malignant cells. Most compelling however, CX5461
did not kill non-malignant B cells representing a valuable
therapeutic option in the management of susceptible
[12]
malignancies .
[13]
In addition to the Bywater study, Devlin et al
demonstrated that combination therapy with CX5461
and AKT-mTOR inhibitors worked synergistically
leading to significantly extend survival in lymphoma
[61]
bearing mice . Importantly, the acute lymphoblastic
leukaemia cells were more sensitive to rRNA synthesis
[74]
inhibition compared with normal bone marrow cells
further emphasising the potential reduction in global
toxicity underlying Pol I inhibition. Similarly, reduced
[75]
global toxicity was noted by Hannan et al
review of
lymphoma models in response to Pol I inhibition.
To date, the majority of studies of Pol I inhibitors
have focussed on haematological malignancies, and as
such CX-5461 is the subject of a phase I clinical trial
at the Peter MacCallum Cancer Centre for treatment
of patients with advanced haematological malignan
cies (Australian New Zealand Clinical Trials Registry
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12613001061729). However, such studies are now
being extended to various solid organ malignancies
including metastatic/recurrent/locally advanced/
unresectable triple negative breast cancer which is
currently recruiting through the Canadian Cancer Trials
group (NCT02719977). This is a logical extension as
there is preliminary data for efficacy of CX-5461 in
solid tumours, with pre-clinical data suggesting a role
[14]
in prostate cancer . Similarly, studies in PDAC cell
[76]
lines have also shown promise , as documented by
[76]
Drygin et al
using MIA PaCa-2 cell lines. This study
demonstrated a process of both autophagy and cell
senescence in response to Pol I inhibition. In xenograft
mouse models of human MIA PaCa-2 cells, treatment
with CX5461 demonstrated significant tumour growth
inhibition deemed at least comparable to xenograft
models treated with gemcitabine and again shows
promise.

CONCLUSION
Given the promising result for Pol I inhibition in the
treatment of haematological malignancies and emer
ging evidence of efficacy in various solid organ cancers
the potential for targeting dysregulated ribosome
biogenesis and manipulating the nucleolar stress
pathway is tantalising, particularly for advanced PDAC
given the slow progress in its treatment options so far.
Whether this will be in the setting of combinations with
already established chemotherapeutics or in more novel
ways remains to be seen but the results from other
malignancies are encouraging. Of particular note is the
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potential for less toxicity to healthy cells which thus
far has been a major limitation in improving treatment
outcomes for PDAC.
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Abstract
Tumor cells induce an immunosuppressive microen
vironment which leads towards tumor immune escape.
Understanding the intricacy of immunomodulation by
tumor cells is essential for immunotherapy. Indoleamine
2,3-dioxygenase (IDO) is an immunosuppressive enzyme
which mediates tumor immune escape in various
cancers including hepatocellular carcinoma (HCC).
IDO up-regulation in HCC may lead to recruitment of
regulatory T-cells into tumor microenvironment and
therefore inhibit local immune responses and promote
metastasis. HCC associated fibroblasts stimulate natural
killer cells dysfunction through prostaglandin E2 and
subsequently IDO promotes favorable condition for
tumor metastasis. IDO up-regulation induces immuno
suppression and may enhance the risk of hepatitis C
virus and hepatitis B virus induced HCC. Therefore, IDO
inhibitors as adjuvant therapeutic agents may have
clinical implications in HCC. This review proposes future
prospects of IDO not only as a therapeutic target but
also as a prognostic marker for HCC.
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regulatory T-cells into tumor microenvironment and
therefore inhibit local immune responses and promote
metastasis. IDO inhibitors as adjuvant therapeutic
agents may have clinical implications in HCC.

of infection have been noted among patients with
chronic HCV infection as compared to those who cleared
[23-26]
this infection
. Impaired immune responses may
contribute to the development of HCV induced HCC.
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HBV INDUCED HCC
Similar to HCV, convincing epidemiological data also
[27]
support the HBV induced HCC . Approximately
780000 individuals die every year from HBV induced
[28]
liver diseases . The integration of HBV DNA and
expression of HBV protein may have direct influence
[27]
on cellular function . Increased rates of occult HBV
infection have also been detected in HCC patients,
[29,30]
specifically among HCV carriers
. Occult HBV
infection may further deteriorate the course of HCV
[31-33]
+
infection
. Several studies have shown that CD4
+
and CD8 T-cell mediated immune responses define
the consequence of HBV acute infection. Chronic
infection of HBV is associated with late, weak and
+
+
[34,35]
transient CD4 and CD8 T-cell responses
. Among
patients with chronic HBV infection increase in the
number of T-regs and depletion of effector T-cells
may inhibit tumor immune surveillance against HBV
[36]
induced HCC .

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the top five
malignancies and the second leading cause of cancer
[1,2]
associated deaths worldwide . The prognosis of
[3]
HCC is poor, with overall survival rates of 3%-5% .
HCC patients are often diagnosed with advanced
disease and therefore, the therapeutic options are
[4]
limited . HCC is also characterized as an inflammation
[5]
associated cancer . The infection of chronic hepatitis C
virus (HCV) and hepatitis B virus (HBV) are well-known
[6]
etiologic agents of HCC . The tumor progression
has been observed among HCC patients in spite of
[7]
the presence of tumor specific immune responses ,
thereby suggesting that HCC adopts tumor immune
escape mechanisms. Hence, understanding the HCCinduced immunosuppressive mechanism will be impor
tant to potentially design HCC targeted immune based
[7]
therapies .

INDOLEAMINE 2,3-DIOXYGENASE
Recently, an intracellular enzyme, indoleamine
2,3-dioxygenase (IDO/IDO-1) has been reported to
play a vital role in regulation of liver immunity and
[37,38]
inflammation
. It is involved in immune homeostasis
and immune-related functions in infectious, chronic
inflammatory diseases and tumor immune-escaping
[39-41]
mechanisms
. This enzyme also induces maternal
[42]
tolerance to fetal allograft . IDO initiates the first
and rate limiting step of tryptophan degradation of
[43]
the kynurenine pathway . Deprivation of tryptophan
directly affects the cytotoxicity of T cells. In addition, the
toxic metabolites produced from tryptophan degradation
[41]
directly induce T-cell apoptosis in vitro . IDO may
inhibit T-cell immunity by inducing differentiation and
[44]
maturation of T-regs . IDO overexpression induces
[40]
immunosuppression and tolerance . IDO expression
and regulation is mediated by numerous immune
[45]
and inflammatory factors . IFN-γ is the most potent
[45]
inducer of IDO .
Among HCC cases, IDO overexpression was asso
[46]
ciated with poor prognosis . IDO was expressed in
human HCC derived cells following the stimulation of
[46]
IFN-γ . IFN-γ stimulated inflammatory mediators are
[47]
involved in the progression of carcinogenesis . IDO
expression was found to be elevated during hepatic
[48,49]
inflammation
. Persistent IDO expression within
the liver microenvironment may play a critical role in
[50]
declining HCV specific T-cell responses . It is also
[51]
responsible for immune tolerance against HBV . The
immunosuppressive role of IDO in tumor immunology
has recently begun to be elucidated. The molecular

HCV INDUCED HCC
[8]

HCV is one of the major causes of HCC . Approxi
mately 700000 people die every year from HCV induced
[9]
liver diseases . HCV causes both acute and chronic
infections. About 15%-45% of HCV infected indivi
duals spontaneously clear this infection without any
treatment. Efficient clearance of acute viral infection is
[10]
mediated by innate and adaptive immune responses .
The remaining 55%-85% individuals may develop
[11]
chronic HCV infection leading to liver cirrhosis
and
[12]
ultimately HCC . Occult HCV infection is characterized
as the presence of HCV-RNA in hepatocytes and
[13]
absence of HCV in serum according to usual tests .
Occult cases of HCV infection occur as a consequence
of infection in particularly non-hepatic immunologically
protected sites or due to infection with HCV variant
that is exclusively capable of infecting non-hepatic
[14]
tissues . Role of occult HCV infection in HCC is still
under investigation. The mechanism by which chronic
HCV infection progresses and sustains in infected
+
patients is still unclear. Impairment of HCV-specific CD4
+
[15-21]
and CD8 T-cell responses
and abnormal dendritic
[22]
cells (DCs) function has been observed . Furthermore,
elevated levels of regulatory T (T-reg) cells at the onset
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Figure 1 Immunosuppressive role of indoleamine 2,3-dioxygenase in human hepatocellular carcinoma. Indoleamine 2, 3-dioxygenase (IDO) expression is
constitutively induced in both IDO+ tumor cells and plasmacytoid dendritic cells (DCs) by exposure to IFN-γ. The effector function of the antigen-specific T cells is
impaired because of tryptophan degradation via IDO at tumor site, which in turn affects the immune-mediated control of tumor growth. A tolerogenic microenvironment
is created by regulatory DCs resulting in the increased number of T-regs and reduced number of antigen-specific T cells leading to cell cycle arrest and apoptosis.
IDO+ tumor cells lead to down-regulation of activating NK cell receptors.

mechanisms underlying tumor-immune escape are
currently the topic of emerging interest. In this review
we are addressing the immunomodulatory potential of
IDO in HCC.

immunosuppression mechanism which offered a
previously unrecognized target for HCC immunotherapy.
+
+
CD14 CTLA4 DCs suppressed T-cell responses through
IDO, which may contribute towards the progression of
[57]
HCC . CB1R (cannabinoid receptor 1) system is upregulated in chemically induced HCC, resulting in the
induction of various tumor-promoting genes, including
IDO. Peripheral CB1R blockade might play a role in the
[58]
treatment of HCC .
A comprehensive study explicated the role of
hepatic carcinoma associated fibroblasts (CAFs)
mediated IDO-producing regulatory DCs. This was
the first study to prove that CAFs in HCC recruit DCs
and convert them to regulatory DCs through IL-6
mediated STAT3 activation. STAT3 activation in DCs
as mediated by CAFs-derived IL-6, is crucial for IDO
production. IDO inhibition can reverse the hepatic CAFDC regulatory function. These findings provide new
insights into the mechanism by which CAFs induce
tumor immunosuppression and may be targeted
[59]
by IDO . IDO-1 expression in tumor cells of HCC
showed distinct rather than uniform pattern. IDO-1
expression was induced only in tumor cells when cocultured with both monocytes and T lymphocytes. This
cooperation between T lymphocytes and monocytes
played a crucial role in the IDO-1 expression in tumor
microenvironment in immunocompromised mice

IDO ROLE IN HCC
It is recognized that IDO emerging from tumor has the
capacity to inhibit the antitumor immunity (Figure 1)
[52,53]
and promote metastasis
. IDO plays a pivotal role
in the pathogenesis of HCC (Table 1). Initially, IDO was
demonstrated as a necessary enzyme for anticancer
immune reactions of tumor infiltrating lymphocytes
(TIL). The recurrence-free survival rate of IDOpositive HCC patients was higher than IDO-negative
[54]
HCC patients . Further studies were proposed to
investigate the difference in recurrence-free survival
[54]
rate between HCC cases with and without TIL . IDO
overexpression was associated with poor prognosis
[46,55]
in HCC patients
. IDO expression in HCC cell lines
was dependent on IFN-γ. IDO was proposed as a novel
favorable prognostic marker and therapeutic target for
[46]
HCC . HCC associated fibroblasts stimulate NK cell
dysfunction through PGE2 (prostaglandin E2) and IDO,
and therefore create favorable condition for tumor
[56]
metastasis .
Another study added new insight into HCC induced
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Table 1 Comprehensive review of indoleamine 2,3-dioxygenase involvement in hepatitis B virus infection, hepatitis C virus
infection and hepatocellular carcinoma
Year

Investigator

2004

[54]

Ishio et al

2007

Larrea et al[49]

2008

Pan et al[46]

2008
2009

Iwamoto et al[67]
Chen et al[51]

2012

Li et al[56]

2013

Higashitani et al[48]

2013
2014

Lin et al[55]
Han et al[57]

2014

Ohtaki et al[68]

2015

Mukhopadhyay et al[58]

2015

Lepiller et al[63]

2015
2015

Barathan et al[64]
Asghar et al[65]

2016

Shibata et al[62]

2016

Cheng et al[59]

2016

Salem et al[66]

2016

Zhao et al[60]

2016

Yoshio et al[69]

2016

Ye et al[61]

Description
IDO is an essential enzyme for anticancer immune reactions of tumor-infiltrating cells. Authors also proposed to
clarify the phenotype of IDO-producing cells in PBMC or tumor-infiltrating cells.
Both human and chimpanzees express hepatic IDO that is directly correlated with CTLA-4. IDO induction may
suppress the T-cell reactivity to viral antigens in chronic HCV infection. Hepatic IDO expression declined in
animals who recovered from HCV infection.
IDO overexpression is significantly linked with metastasis. IDO may be a novel promising prognostic marker and
candidate adjuvant therapeutic target for HCC.
HBV infection helps the IDO induction in response to proinflammatory cytokines, specifically IFN-γ.
IDO associates with viral load and is accountable for immune tolerance against HBV. IDO inhibition can be a novel
approach to break tolerance in chronic HBV infection.
HCC associated fibroblasts stimulate NK cell dysfunction through PGE2 and IDO and therefore create favorable
condition for tumor metastasis.
Elevated IDO activity is linked with liver inflammation and fibrosis in chronic HCV patients. In response to the
inflammatory stimuli, DCs from patients tend to induce T-regs through IDO dependent mechanism.
IDO overexpression may be associated with poor prognosis in HCC patients.
CD14+ CTLA4+ DCs suppressed T-cell response through IDO and IL-10. CD14+ DCs expansion induce systemic
immunosuppression in HCC.
IDO inhibition through 1-MT may facilitate in treatment of patients with fulminant hepatitis caused by HBV
infection.
High IDO activity and consequent induction of immunosuppressive T-regs promote immune tolerance in tumor
tissue. CB1R system is up-regulated in chemically induced HCC, resulting in the induction of various tumorpromoting genes, including, IDO.
Hepatic IDO performs a dual role during HCV infection by decelerating viral replication and regulating host
immune responses.
IDO is involved in the onset of immune exhaustion that eventually leads to HCC.
IDO overexpression in the cirrhotic livers of HCV-infected patients may contribute to the development of HCC.
IDO may also serve as therapeutic target against HCV.
Elevation of L-kynurenine may play a critical role in both the early and late phases of liver carcinogenesis. IDO
inhibition may act as an emerging approach for the prevention of liver cancer.
IDO inhibitors can reverse hepatic CAF-DC regulatory function. IDO may be used as novel immunotherapeutic
target for tumor immune escape.
IDO is overexpressed in IFN-α non-responder patient as compared with responder or healthy control. IDO induced
immunosuppression may play role in non-responsiveness of chronic HCV patients to IFN-α based therapy.
IDO is up-regulated in the hepatoma cells and serves as a counter regulatory mechanism stimulated by
inflammatory response. IDO may be targeted as immunotherapeutic agent.
IDO activation in the early phase followed by a successive increase of chemokines and cytokines is involved in
successful HBV clearance in patients with acute hepatitis. IDO possibly acts as a noncytopathic anti-HBV effector.
HIF-1α/CCL20/IDO axis in HCC is crucial for promoting tumor metastasis through both the induction of
epithelial-to-mesenchymal transition and the establishment of an immunosuppressive tumor microenvironment.

HCC: Hepatocellular carcinoma; IDO: Indoleamine 2,3-dioxygenase; PBMC: Peripheral blood mononuclear cells; CTLA-4: Cytotoxic T-lymphocyte
associated protein-4; DCs: Dendritic cells; NK: Natural killer cells; HCV: Hepatitis C virus; HBV: Hepatitis B virus; PGE2: Prostaglandin E2; T-reg:
Regulatory T-cells; HIF-1α: Hypoxia-inducible factor-1α; 1-MT: 1-Methyl tryptophan; CB1R: Cannabinoid receptor 1; CAF: Carcinoma-associated
fibroblasts.

IDO up-regulation has been reported in human
and chimpanzee livers with chronic HCV infection.
HCV infection was observed to promote IDO induction
in response to the pro-inflammatory cytokines and
activated T-cells. IDO was considered as a therapeutic
[49]
target for HCV infection . IDO activity was elevated
in chronic HCV infected patients. Furthermore IDODCs from patients induced more T-regs in vitro as
compared to healthy controls. T-regs induced by
IDO-DCs were decreased with IDO specific inhibitor
1-methyl tryptophan (1-MT). 1-MT could serve as
possible approach to improve the immune responses
[48]
in HCV infection .
IDO plays a dichotomous role in HCV infection.
Hepatic IDO might be beneficial in acute infection and
damaging in chronic infection. HCV infection stimulates

as well. IDO up-regulation in hepatoma cells might
serve as a counter regulatory mechanism. Further
investigations are warranted to understand the
clinical benefit of cancer immunotherapy targeting
[60]
IDO-1 in HCC patients . Recently, the role of IDO
in metastasis of HCC has been investigated. Hypoxia
inducible factor-1 α (HIF-1α)/CCL20/IDO axis plays a
key role in tumor metastasis by promoting epithelial
to mesenchymal transition as well as inducing an
[61]
immunosuppressive microenvironemt . IDO upregulation may facilitate the progression of liver
carcinogenesis. IDO overexpression might be
responsible for creating inflammatory and immuno
supressive tumor microenvironment. Hence, IDO
inhibition might lead to the development of novel
[62]
therapy for HCC .

WJG|www.wjgnet.com

2289

April 7, 2017|Volume 23|Issue 13|

Asghar K et al . IDO and HCC
[48,49,51,63-68]

the IDO expression. IDO induction during HCV infec
tion down-regulated the viral replication but with the
course of disease it had significant inhibitory effect
+
on CD4 T cell proliferation. IDO induction in acute
and chronic HCV infection may provide an insight
[63]
into novel therapeutic intervention . IDO is one of
the factors that are involved in the onset of immune
exhaustion during chronic HCV infection, ultimately
[64]
leading to HCC . Our group has already established
that IDO overexpression in the cirrhotic livers of HCVinfected patients might contribute to the development
[65]
of HCC . IDO may also serve as a novel therapeutic
[65]
target against HCV . Another study added that IDO
expression was higher in IFN-α non-responder patients
as compared to responders or healthy controls. These
findings opened a new avenue for targeting IDO in
[66]
HCV therapy .
IDO expression and its activity was significantly
higher in the chronic HBV infected patients than healthy
[51]
controls . IDO was responsible for immune tolerance
against HBV. IDO has a potential to be used as thera
[51]
peutic target in chronic HBV infection .Mice model
study showed that HBV infection facilitated the induction
of IDO particularly through IFN-γ in hepatocytes.
IDO elevation was responsible for the transduction of
cytotoxic T lymphocytes which ultimately inhibit the
[67]
T-cells responses . Another study reported that IDO
in murine fulminant hepatitis model is induced by HBVspecific T lymphocytes. IDO inhibition can reduce liver
[68]
injury . IDO has an antiviral activity in early phase of
HBV infection which is supported by various immune
mediators. IDO activity is boosted by NK cells and
plasmacytoid DCs through IFN-α and IFN-γ dependent
[69]
mechanisms . These findings demonstrated the
promising role of IDO in HBV therapy.

and diseases progression
. In view of the
contradictory findings, further studies are warranted
to understand the precise role of IDO in HCV and HBV
induced HCC.
Recently, IDO inhibitors have been found as ad
juvant therapeutic agents with clinical implications
[62]
in HCC . Investigating an efficient and less toxic
IDO inhibitor is emergent. Targeted hepatic IDO
inhibition using nanoparticles may provide a better
outcome. Tryptophan-2,3-dioxygenase (TDO) has a
[73,74]
biochemical activity similar to that of IDO
. IDO-2
[75,76]
is also a recently discovered isoform of IDO
. Both
IDO-2 and TDO are involved in the degradation of
[77]
tryptophan . Future studies should explore the role of
IDO as well as IDO-2 and TDO in HCC. Therapeutics of
IDO are unquestionable but its potential as prognostic
biomarker may also have significant outcomes.
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Abstract

Sezaki T, Hirata Y, Hagiwara T, Kawamura YI, Okamura
T, Takanashi R, Nakano K, Tamura-Nakano M, Burkly LC,
Dohi T. Disruption of the TWEAK/Fn14 pathway prevents
5-fluorouracil-induced diarrhea in mice. World J Gastroenterol
2017; 23(13): 2294-2307 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i13/2294.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2294

AIM
To clarify the roles of TWEAK and its receptor Fn14 in
5-fluorouracil (5-FU)-induced diarrhea.
METHODS
Diarrhea was induced in wild-type (WT), Fn14 knockout
(KO), and IL-13 receptor (IL-13R)α1 KO BALB/c mice
using a single injection of 5-FU. Histological analysis,
cytokine analysis, and flow cytometry was performed
on ileal tissues and cells. Murine colon carcinomabearing mice were co-treated with an anti-TWEAK
antibody and 5-FU. Embryonic fibroblast response to
cytokines was also analyzed.

INTRODUCTION
The chemotherapeutic antimetabolite agent 5-fluo
rouracil (5-FU) is used to treat numerous cancer
types. However, chemotherapy with 5-FU often is
associated with severe gastrointestinal side effects,
such as diarrhea and anorexia. These adverse effects
can be difficult to manage and lead to discontinuation
of chemotherapy. Therefore, strategies to reduce or
prevent adverse effects are needed to improve the
efficacy of this cancer treatment to allow the patient to
take the full course of treatment.
Tumor necrosis factor (TNF)-like weak inducer
of apoptosis (TWEAK) is a member of the TNF
superfamily. TWEAK mRNA is commonly expressed in
several types of leukocytes, but it has been detected
in other cell types, including endothelial cells and
astrocytes. Fibroblast growth factor inducible 14
(Fn14) is the smallest member of the TNF receptor
superfamily and the only known signaling receptor for
[1]
TWEAK . Fn14 expression levels are relatively low in
healthy tissues; however, Fn14 expression is strongly
upregulated in injured tissues. TWEAK/Fn14 signaling
can activate several downstream pathways, including
the nuclear factor-κB (NFκB), mitogen-activated
protein kinase, and phosphatidylinositol 3-kinase/
[2]
protein kinase B pathways . The TWEAK/Fn14
pathway is involved in the repair of injured tissue;
however, excessive activation contributes to tissue
[2]
damage and pathological tissue remodeling . Thus,
the TWEAK/Fn14 pathway is a potential drug target for
various diseases, including those that affect intestines,
kidneys, liver, joints, nervous system, skeletal muscles,
[1]
and vasculature .
This study focuses on the role of TWEAK/Fn14 in
intestinal disease. Previously, we showed that Fn14 is
expressed in injured epithelial cells (ECs). Treatment
with a TWEAK-blocking antibody or knocking out
TWEAK considerably ameliorated acute colitis in mice
by reducing inflammation and limiting chemokine
[3]
and matrix metalloproteinase expression in ECs .
Fn14 also mediates interleukin (IL)-13- and TNF[4]
α-induced cell death in ECs . TWEAK and TNF-α
synergistically activate the canonical NF-κB pathway,
[5]
which aggravates tissue damage in acute colitis . In
chronic colitis models, we showed that TWEAK and
IL-13 cooperatively induce the expression of thymic
stromal lymphopoietin in ECs. This expression is a

RESULTS
5-FU induced high Fn14 expression in epithelial cells.
The severity of 5-FU-induced diarrhea was lower in
Fn14 KO mice compared with WT mice. Administration
of anti-TWEAK antibody reduced 5-FU-induced diarrhea
without affecting the antitumor effects of 5-FU in vivo .
5-FU-induced expression of IL-13, IL-17A, TNF-α, and
IFN-γ in the ileum was Fn14 dependent. The severity
of 5-FU-induced diarrhea was lower in IL-13Rα1 KO
mice, indicating major role for IL-13 signaling via IL13Rα1 in pathogenesis. We found that IL-13Rα2,
an IL-13 neutralizing/cell protective receptor, was
strongly induced by IL-33 in vitro and in vivo . IL-13Rα2
was upregulated in the ileum of 5-FU-treated Fn14
KO mice. Thus, the deletion of Fn14 upregulated IL13Rα2 expression, which reduced IL-13 expression and
activity.
CONCLUSION
Disruption of the TWEAK/Fn14 pathway affects several
interconnected pathways, including those associated
with IL-13, IL-33, and IL-13Rα2, to attenuate 5-FUinduced intestinal side effects.
Key words: Cancer chemotherapy; Interleukin-13;
Interleukin-33; Interleukin-13 receptor α2
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: IL-13 signaling via IL-13 receptor (IL13R)α1 plays a central role in developing diarrhea, a
major side effect of 5-fluorouracil (5-FU). Disruption
of the TWEAK/Fn14 pathway alleviated diarrhea by
downregulating expression of IL-13 and upregulating
expression of IL-13Rα2, a decoy IL-13 receptor. The
IL-13Rα2 was induced by IL-33 in mesenchymal cells
of 5-FU-treated intestines in vivo and fibroblasts in
vitro . IL-33 expression was independent of TWEAK/
Fn14 signaling, and its cell protective function in 5-FUtreated mice was enhanced in the absence of Fn14.
Disruption of the TWEAK/Fn14 pathway affects several
interconnected pathways to attenuate 5-FU-induced
intestinal side effects.
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[6]

key mechanism in the development of fibrosis .
In the context of γ-irradiation-induced injury, both
TWEAK and Fn14 KO mice had more regenerating
microcolonies in intestinal crypts than wild-type (WT)
[3]
mice . However, to our knowledge, no studies have
addressed if TWEAK/Fn14 is involved in chemotherapyinduced damage of normal intestinal mucosa.
[7]
IL-33 is a member of the IL-1 family . It is
expressed constitutively in ECs of healthy intestine
and is localized to the nucleus. Nucleus-localized
[8,9]
IL-33 functions as a transcription factor
where it
contributes to mucosal protection in various colitis
[10-13]
models
. After EC injury or death, IL-33 undergoes
[14]
cleavage and is released into the extracellular space .
Released IL-33 induces the expression of T helper 2
cytokines, such as IL-5 and IL-13, in various cells,
including T helper 2 cells, group 2 innate lymphoid
[15]
cells, eosinophils, and basophils . These responses
play major roles in parasite clearance and allergic
reactions. The mechanisms behind the dual role
of IL-33 as a protector of mucosal barriers and an
[15]
alarmin are not fully understood.
In this report, we investigated the effect of blocking
TWEAK/Fn14 signaling on chemotherapy-induced
intestinal side effects. Disruption of the TWEAK/Fn14
pathway using genetic or pharmacological approaches
reduced 5-FU-induced diarrhea without impacting
the antitumor effect of 5-FU. We also propose a novel
protective mechanism for IL-33 in mucosal tissues.

Bee RNA isolation solvent (Tel-Tests, Inc, Friendswood,
TX). RNA from purified lamina propria cells (LPCs)
or ECs was extracted using the RNeasy micro kit
(QIAGEN, Tokyo, Japan). Complementary DNA
(cDNA) was synthetized from the RNA using High
Capacity cDNA Reverse Transcription Kits (Life
Technologies). The resulting cDNA samples were
used to perform quantitative real-time PCR reac
tions using a 7900HT Fast Real-Time PCR System
(Applied Biosystems, Warrington, England). Primers
and probes for murine genes were purchased from
Applied Biosystems. The following TaqMan Gene
Expression Assays were used in this study: TWEAK
(Mm02583406_s), Fn14 (Mm00489103_m1), IL-33
(Mm00505403_m1), IL-13Rα1 (Mm00446726_m1),
IL-13Rα2 (Mm00515166_m1), and glyceraldehyde3-phosphate dehydrogenase (GAPDH) (4352932E).
All experiments were performed according to their
respective manufacturer’s protocols unless otherwise
indicated. Results were normalized to GAPDH mRNA as
an internal control. Threshold cycle numbers (Ct) were
determined using Sequence Detector Software (version
2.3; Applied Biosystems) and transformed using the
ΔCt/∆∆Ct method as described by the manufacturer.

Histological analysis

Ileum tissues (the distal third of the small intestine)
were opened longitudinally on filter paper and fixed
overnight with Mildform (WAKO, Osaka, Japan). Ti
ssues were rolled and embedded in paraffin. Paraffinembedded tissues were sliced into 4-μm thick sections
and stained with hematoxylin and eosin. To detect
proliferating cells, sections were autoclaved at 121 ℃ for
5 min in 10 mmol/L citrate (pH 6.0) and stained with
anti-Ki67 antibody (Vector Laboratories, Burlingame,
CA, United States) and Envision+ dual Link System
-HRP (DAKO, Glostrup, Denmark). To detect apoptotic
cells, TdT-mediated dUTP nick end labeling was
applied using DeadEndTM Colorimetric TUNEL System
(Promega, Tokyo, Japan). For IL-33 and IL-13Rα2
staining, acetone-fixed frozen sections were used.
Sections were incubated with anti-IL-33 antibody (1:20
dilution, R&D Systems) or anti-IL-13Rα2 antibody
(1:50, R&D Systems) then incubated with FITCconjugated anti-goat IgG antibody (1:200) or Alexa
Fluor 488-conjugated anti-rat IgG antibody (1:300,
Life Technologies), respectively. Zonula occludens-1
(ZO-1) immunohistochemistry was performed as
[4]
described previously . Briefly, cryosections were fixed
with 4% paraformaldehyde, incubated with anti-ZO-1
antibody (1:25, Invitrogen, Yokohama, Japan) for
2h at RT, then incubated with FITC-conjugated antirabbit antibody (1:100, Santa Cruz Biotechnology,
TX, United States) Images were collected using a
BX50 fluorescence microscope (Olympus, Tokyo) with
a DP72-cellSens Standard image capture system
(Olympus, Tokyo). Sections were counterstained with
4',6-diamidino-2-phenylindole (DAPI, Sigma). When

MATERIALS AND METHODS
Mice

[16]

Male BALB/c mice and Fn14 KO mice with a BALB/c
background that were 8-12-wk-old were purchased
from Clea Japan, Inc. (Tokyo, Japan). IL-13 receptor
(IL-13R) α1 KO mice were generated from BALB/c
mice in our facility using a CRISPR/Cas9-mediated
genome-editing system. All experimental protocols
were approved by the institutional animal care and use
committee of the National Center for Global Health and
Medicine, Japan (#16086).

Treatment with chemotherapeutic agents and diarrhea
scores

An intraperitoneal injection of 5-FU (250 mg/kg
body weight, Sigma. Tokyo Japan) in phosphatebuffered saline pH 7.4 (PBS, Nacalai tesque. Kyoto,
Japan) was administered to mice on day 0. The mice
were monitored for diarrhea once a day. To assess
diarrhea severity, individual mice were photographed
daily during defecation and scoring of the photos was
performed blindly to guarantee the objectivity of the
scoring system (Figure 1A). Severity was scored as
follows: 0, normal; 1, wet and unformed stool; 2,
watery stool.

Real-time polymerase chain reaction

Total RNA of whole ileum was prepared using RNA-
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Figure 1 Fn14 deficiency ameliorated 5-FU-induced diarrhea and ileal damage. A: Representative images of the macroscopic appearance of an anus from a WT
mouse with liquid diarrhea and an Fn14 KO mouse with normal fecal pellets following 5-FU administration; B: Diarrhea scores after injection of 5-FU (day 0). Number
of mice was about 7-44 at each time point. Results of mouse groups of different observation-time points and endpoints were accumulated and summarized (aP < 0.05); C:
Formalin-fixed paraffin-embedded ileal sections were prepared from samples collected at the indicated time point from 5-FU-treated WT or Fn14 KO mice and stained
with hematoxylin and eosin. Scale bar = 100 μm; D: Frozen ileal sections were prepared from samples collected at the indicated time point from 5-FU-treated WT or
Fn14 KO mice (n = 3 mice per group) and probed with anti-ZO-1 antibody. Green: ZO-1, Red: Nuclear staining. Scale bar = 50 μm. Representative images are shown; E:
Fold increase of Fn14 mRNA in total ileal mucosa after injection of 5-FU. Data are presented as the mean ± SD; F: Epithelial cells (EC), intraepithelial lymphocytes (IEL),
and lamina propria cells (LPC) were separated from the ileum collected on day 0 (naïve) or day 3 after 5-FU injection, and Fn14 mRNA expression was measured (n =
3 mice per group). Data are presented as the mean ± SD.

cells for each experimental condition when more than
50 cells were observed.

images with green signals were merged, the blue DAPI
signal was converted to red for clarity. Image merging
was performed using Adobe Photoshop CS5 version
12.1. To quantify the fluorescence signal, images
were collected using a fixed exposure condition, and
the signal was measured using ImageJ software
(NIH). The IL-13Rα2-positive area in ileal tissue was
normalized to the longitudinal length of the measured
intestine in the image’s field of view. In cell culture, IL13Rα2-positive area was normalized to the number of
nuclei (cells) in the measured area in the image’s field
of view. In some in vitro experiments, determination
of IL-13Rα2-positive and -negative cells was definitive.
Those data are presented as the percent of positive
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Administration of anti-TWEAK antibody

Mice were inoculated subcutaneously in the left flank
7
with 1 × 10 CT26 murine colon carcinoma cells 7 d
prior to day 0. Tumor volume (calculated as volume =
2
0.52 × length × width ) was monitored throughout the
experiment. Starting at 3 d prior to day 0, treatment
with murine anti-TWEAK antibody (10 mg/kg; P2D10;
Biogen, Cambridge, MA, United States) or control
antibody (10 mg/kg, anti-hen egg lysozyme, mIgG2a,
Biogen) was initiated. Antibodies were intraperi
toneally injected every other day throughout the study
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period. On day 0, 250 mg/kg 5-FU was injected intra
peritoneally.

with an ECL prime kit (GE Healthcare, Little Chalfont,
United Kingdom) and imaged using a LAS 4000
analyzer (FUJIFILM, Tokyo, Japan).

Cell culture

Measurement of cytokines

The murine colon carcinoma cell line CT26 was obtained
from American Type Culture Collection. CT26 cells
were maintained in RPMI1640 medium (Sigma, Tokyo,
Japan) with 10% fetal bovine serum. Mouse embryonic
fibroblasts (MEFs) were cultured from WT BALB/c mice.
MEFs were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum.
For IL-13Rα2 induction in MEFs, 8-well chamber slides
(Matsunami glass, Kishiwada, Japan) were inoculated
3
with 3 × 10 cells per well and cultured with IL-13
(40 ng/mL, R&D Systems, Minneapolis, MN) or IL-33
(20 ng/mL, R&D Systems) for 3 d. Cells were fixed
with methanol at -20 ℃ for 20 min, blocked with
BLOCKACE (DS Pharma Biomedical, Osaka, Japan),
incubated with anti-IL-13Rα2 antibody (R&D Systems,
Minneapolis, MN) for 1 h, then incubated with Alexa
Fluor 488-conjugated anti-rabbit IgG antibody (Life
Technologies, Tokyo, Japan) for 1 h. Nuclei were
visualized using DAPI staining. Images were collected
using a BX50 fluorescent microscope (OLYMPUS,
Tokyo, Japan).

Ileum was collected on day 0 (naïve tissue) and days
3, 5, and 8 after the administration of 5-FU or PBS.
Tissues were homogenized with a Bio-Plex cell lysis
kit (BIO-RAD, Hercules, CA, United States) and stored
at -80°C until needed. Cytokines were quantified
with the Bio-Plex Pro Mouse Cytokine 23-Plex and
Bio-Plex Pro Mouse Th17 panels using a Bio-Plex 3D
Suspension Array System (BIO-RAD) according to the
manufacturer’s instructions.

Detection of IL-13-positive cells and flow cytometry
6

Ileum-derived LPCs (1 × 10 cells/assay) were
incubated for 44 h in RPMI1640 with 5% fetal bovine
serum and IL-33 (40 ng/mL, R&D Systems) or
vehicle (PBS). Protein Transport Inhibitor (0.33 μL, BD
GolgiStop™, BD Biosciences, NJ) was added, and the
cells were incubated for an additional 4 h. Cells were
incubated with allophycocyanin (APC)-conjugated antilineage antibody cocktail (BD Biosciences). Following
surface marker labeling, cells were treated with a
Fixation/Permeabilization Solution Kit (BD Biosciences)
and incubated with PE-conjugated anti-IL-13 antibody
(eBioscience). Labeled cells were analyzed using the
MoFlo XDP cell sorter.

Separation of ECs, intraepithelial lymphocytes, and
LPCs

To dissociate ECs, ileal tissues were rinsed with PBS,
suspended in 2 mmol/L EDTA in PBS, and stirred
for 20 min at 37 ℃. Single cell suspensions were
stained using phycoerythrin (PE)-conjugated antiEpCAM antibody (BioLegend, San Diego, CA, United
States) and PE-Cy7-conjugated anti-CD45 antibody
(BioLegend). Cells were sorted using a MoFlo XDP cell
sorter (Beckman Coulter, Tokyo, Japan). ECs were
+
EpCAM CD45 , and intraepithelial lymphocytes (IELs)
+
were EpCAM CD45 . To prepare LPCs, ileal tissues
were rinsed with PBS, suspended in 2 mmol/L EDTA in
PBS, and stirred for 20 min at 37 ℃ to dissociate the
ECs. The non-dissociated cells were digested with a
Lamina propria dissociation kit (Miltenyi Biotec, Tokyo,
Japan) according to the manufacturer's protocol to
obtain LPCs.

Preparation of ileum homogenate and depletion of IL-33

Ileum tissue was collected from WT or Fn14 KO mice
two days after 5-FU administration, and 28 mg was
minced in 1 mL of MEF culture medium (described
above) with Antibiotic-Antimycotic Mixed Solution
(Nacalai tesque. Kyoto, Japan). The sample was
centrifuged at 300 × g for 5 min. The supernatant
fraction was collected as ileum homogenate. The
homogenate was mixed in a 1:9 ratio with MEF culture
medium. IL-33 was depleted from the homogenate by
adding 2 μg of anti-IL-33 antibody or total goat IgG
(Jackson ImmunoResearch, West Grove, PA, United
States) to 1 mL of homogenate and incubating for 1
hour at 4 ℃. Antibodies were removed by adding 20
μL of Protein G PLUS-Agarose (resuspended volume,
Santa Cruz biotechnology) and incubating for 1 h at
4 ℃. After centrifugation, the supernatant fraction (i.e.,
the IL-33-depleted homogenate) was used for cell
culture.

Immunoblotting

Cells were washed with PBS and lysed in 1% sodium
dodecyl sulfate (Sigma) with a proteinase inhibitor
cocktail (GE Healthcare, Little Chalfont, England) and
a phosphatase inhibitor cocktail (Roche Diagnostics,
Tokyo, Japan). Samples were electrophoresed and
transferred onto PVDF membranes (Millipore). After
blocking with 10% bovine serum albumin (Wako,
Osaka, Japan), the membrane was incubated with
anti-p-STAT6 antibody (Cell Signaling Technology,
Tokyo, Japan) or anti-GAPDH antibody (Cell Signaling
Technology) then incubated with HRP-conjugated antirabbit IgG antibody (Jackson ImmunoResearch, West
Grove, PA, United States). The signal was detected
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Statistical analysis

All statistical analyses were performed in the Prism
5 software for Mac OS X, version5.0d. The data
were expressed as the mean ± SD. P < 0.05 was
considered to be statistically significant. Results
of diarrhea score, cytokine measurement and IL13Rα2 protein expression in time course experiments
were analyzed with Two-way ANOVA adjusted with
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Figure 2 Blocking the TWEAK/Fn14 pathway prevents 5-FU-induced diarrhea in tumor-bearing mice. A: CT26 cells were cultured with various doses of antiTWEAK antibody. Cell numbers were counted at the indicated time using the trypan-blue dye exclusion method. Triplicate cultures were performed for each condition.
Data are shown as a mean ± SD; B: CT26 cells were inoculated in WT mice on day -7 (n = 3 per group). Mice were injected with anti-TWEAK antibody or control
IgG from day -3, and injections were repeated every other for the remainder of the study period (indicated as arrows). 5-FU was not administered. C26 tumor volume
was monitored. Data are shown as mean ± SD; C: Diarrhea score of CT26 tumor-bearing WT mice treated with anti-TWEAK antibody (n = 8) or control IgG (n = 9).
Experiment was performed as described in panel B with the addition of a single injection of 5-FU on day 0 (blank arrowhead); D: Tumor volume of measurements from
the experiment described in (C).

Bonferroni correction. IL-13Rα2 protein expression
after stimulation with IL-33 in vivo and in vitro in
comparison of WT and Fn14 KO was analyzed with
Mann Whitney U test. IL-13Rα2 protein expression in
various conditions of in vitro culture was compared
with one-way ANOVA adjusted with Bonferroni
correction.

and downregulated in adenoma (DRA) (Supplementary
Figure 2). 5-FU decreased CFTR expression and
increased NKCC1 and DRA expression up to 3-fold;
however, there were no differences between gene
expression in WT and Fn14 KO mice. We concluded
that expression of these molecules did not play a
major role in 5-FU-induced diarrhea and hypothesized
that the diarrhea was related to epithelial cell damage.
On day 8 after 5-FU administration, both mouse
groups had villi shortening. However, expression of
ZO-1, a tight junction protein, persisted at days 5 and
8 in the villi of Fn14 KO mice, whereas its expression
decreased in the villi of WT mice, especially in the
upper part (Figure 1D). Thus, ZO-1 expression in
the villi was parallel to diarrhea score. These results
suggested that 5-FU can damage tight junctions and
the epithelial cell barrier, which increases paracellular
permeability and results in diarrhea.
Next, we measured Fn14 expression in the ileum.
In WT mice, 5-FU administration strongly induced Fn14
mRNA expression in the ileum by day 2 (Figure 1E).
5-FU-induced Fn14 mRNA expression was observed in
ECs but not IELs or LPC (Figure 1F). Collectively, these
results indicate that Fn14 expression in ECs increases
chemotherapeutic-induced diarrhea and disruption of
the TWEAK/Fn14 pathway could potentially prevent
5-FU-induced diarrhea.

RESULTS
Fn14 KO mice are resistant to the side effects of 5-FU

All WT mice developed severe diarrhea on day 3 after
5-FU administration, and it persisted throughout the
study period. By contrast, Fn14 KO mice developed
milder diarrhea than WT mice (Figure 1A and B).
Despite the difference in diarrhea severity between
WT and Fn14 KO mice, histological analysis showed
no difference in the small and large intestine
between the two groups. Both mouse groups showed
decreased numbers and height of ileal villi (Figure
1C), and there was no difference in the number
of apoptotic or proliferating cells in the ileum and
colon (Supplementary Figure 1). To investigate the
mechanism for developing diarrhea, we measured the
expression of transporter genes related to diarrhea,
such as cystic fibrosis transmembrane conductance
regulator (CFTR), Na-K-Cl cotransporter 1 (NKCC1),
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but not detected in LPCs, which is consistent with
our observations of IL-33 protein levels (Figure 5B).
Immunostaining with anti-IL-33 antibody confirmed that
the number of IL-33-positive ileal ECs in Fn14 KO mice
was greater than that in WT mice on day 5 after 5-FU
administration (Figure 5C). IL-33 localized to the cytosol
in WT mice but was found in both the cytosol and
nucleus in Fn14 KO mice on day 5. The IL-33 staining
pattern remained the same in Fn14 KO mice on day 8
(Figure 5C). These results indicate that 5-FU induced
IL-33 in both WT and Fn14 KO mice but at much higher
levels and with different subcellular localization in Fn14
KO mouse.
Because IL-13 expression in Fn14 KO mice was low
compared with that in WT mice despite higher IL-33
expression (Figure 3A), we investigated whether IL33-induced IL-13 expression was impaired in Fn14 KO
LPCs. In vitro stimulation of WT LPCs with recombinant
IL-33 induced IL-13 expression in lineage-negative
(Lin-) fractions as expected. By contrast, this induction
was attenuated in Fn14 KO LPCs (Figure 5D). These
results indicate that IL-33-induced expression of IL-13
is dependent on an Fn14-mediated signal pathway.
However, WT LPCs do not express Fn14 (Figure 1F).
Thus, in Fn14 KO mice, IL-33 signaling in LPCs is
reduced likely due to an Fn14 deficiency in an Fn14expressing cell type, such as ECs. Overall, these results
suggest that the presence of Fn14 in ECs affects IL-33induced IL-13 expression in LPCs through an unknown
mechanism.

We used a mouse model bearing CT26 murine colon
carcinoma tumors to investigate the effect of blocking
the TWEAK/Fn14 signal pathway on 5-FU anticancer
therapy. While CT26 expressed considerable levels
of Fn14, addition of a TWEAK-neutralizing antibody
in vitro did not change the cell growth rate (Figure
2A). The growth of CT26 tumors in the left inguinal
region of WT mice was not altered by repeated antiTWEAK or control antibody administration (Figure
2B). These results suggest that TWEAK/Fn14 signal
disruption does not affect CT26 tumor growth in vitro
or in vivo. Then, we treated CT26-tumor-bearing
mice with a combination of 5-FU and anti-TWEAK
antibody or a control antibody. Control antibodytreated mice had severe continuous 5-FU-induced
diarrhea, whereas anti-TWEAK antibody treatment
significantly suppressed 5-FU-induced diarrhea (Figure
2C, P = 0.0384). Importantly, tumor growth inhibition
by 5-FU was effective with both control and antiTWEAK antibody administration (Figure 2D). These
results indicate that the anti-TWEAK antibody could be
used to prevent 5-FU-induced diarrhea in anticancer
chemotherapy.

IL-13-mediated diarrhea in Fn14 KO mice

To investigate the mechanism by which diarrhea is
prevented with Fn14 deficiency, we measured the
expression levels of 5-FU-induced cytokines in the
ileum. IL-13, TNF-α, IFN-γ, and IL-17A protein levels
tended to increase on day 5 after 5-FU administration
in WT mice compared with naïve ileum. These levels
were higher than those in Fn14 KO mice (Figure 3).
Previously, we showed that IL-13 is a pivotal mediator
[17]
of intestinal epithelia damage following γ-irradiation .
Additionally, we showed that IL-13 works in concert
with TNF-α to induce apoptosis in intestinal ECs in
[4]
an Fn14-dependent manner . To assess the role of
IL-13 in 5-FU-induced diarrhea, we disrupted the IL13Rα1 gene to generate IL-13Rα1 KO mice (Figure
4). Similar to the phenotype observed in Fn14 KO
mice, the diarrhea score following 5-FU injection was
lower in IL-13Rα1 KO mice through day 6. However,
on days 7 and 8, there were no significant differences
between the diarrhea score of IL-13Rα1 KO and WT
mice (Figure 4). These results indicate that IL-13 is a
major mediator of 5-FU-induced severe diarrhea, and
its impact peaks around days 5-6.

Enhancement of 5-FU-induced IL-13Rα 2 expression in
Fn14 KO mice

We observed that IL-13 expression was higher in
WT mice than Fn14 KO mice on day 5. However,
when comparing WT mice at day 5 following 5-FU
administration with naïve mice (Day 0), induction of
IL-13 expression was modest (Figure 3). Therefore,
we hypothesized that there was an additional
mechanism to reduce IL-13 activity in the absence
of Fn14. This mechanism could potentially explain
the dramatic diarrhea reduction in Fn14 KO mice.
Previously, we showed that expression of IL-13Rα2,
the IL-13 neutralizing receptor, promoted intestinal
[17]
EC regeneration following γ-irradiation . Thus, we
hypothesized that IL-13Rα2 expression increased in
Fn14 KO mice and contributed to the reduction of IL13-induced diarrhea. As expected, on day 5 following
5-FU administration, IL-13Rα2 mRNA expression
transiently increased 5-fold in the ileum of Fn14 KO
mice but not WT mice (Figure 6A). IL-13Rα1 was
not upregulated in either the WT or Fn14 KO ileum
(Figure 6A). Consistent with the mRNA expression,
immunostaining for IL-13Rα2 confirmed a transient
but strong upregulation of protein expression in
mesenchymal cells of Fn14 KO mice on day 5 but not
in those of WT mice (Figure 6B and C). These results
indicate that increased IL-13Rα2 expression in Fn14
KO mice may efficiently neutralize IL-13. Reduced

Abrogation of IL-33-induced IL-13 expression in Fn14
KO mice

Because IL-33 is a potent inducer of IL-13, we initially
hypothesized that IL-33 expression in ECs was Fn14
dependent. However, 5-FU induced IL-33 protein
expression in the ileum of both WT and Fn14 KO mice
by day 3 (Figure 5A). IL-33 was sustained at high
levels in Fn14 KO ileum on day 5 (Figure 5A). IL-33
mRNA levels were elevated in ECs of Fn14 KO mice
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Figure 3 5-FU induced inflammatory cytokines in the ileum and the role of IL-13 in 5-FU-induced diarrhea. A-D: Cytokine levels were measured from
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Figure 4 Lack of response to IL-4 and IL-13 in IL-13Rα1 KO mice. A: Bone marrow cells from WT or IL-13Rα1 KO mice were stimulated with IL-4 or IL-13 for 30
min, and phosphorylated (p)-STAT6 was detected using western blotting. GAPDH was used as a loading control; B: Diarrhea scores of WT (n > 8, at each time point),
Fn14 KO (n > 9), and IL-13Rα1 KO mice (n > 5) after injection of 5-FU. Number of mice was about 5-44 at each time point. Results of mouse groups of different
observation-time points and endpoints were accumulated and summarized (aP < 0.05).

IL-13 expression by Fn14-deficient cells combined with
IL-13 neutralization through IL-13Rα2 could account
for the attenuated diarrhea observed in 5-FU-treated
KO mice.

13Rα2 expression at a similar level in both WT and
Fn14 KO mice (Figure 6D and E). Therefore, the high
levels of IL-33 produced by ECs of Fn14 KO mice
following 5-FU administration could have induced IL13Rα2 upregulation. This mechanism was confirmed
with in vitro assays using MEFs. In vitro stimulation
of MEFs showed that recombinant IL-33 alone and
in combination with recombinant IL-13 induced IL13Rα2 expression in both WT and Fn14 KO cells
(Figure 7A). To confirm that IL-33 was active in 5-FUtreated tissue, WT MEFs were cultured with ileal tissue
homogenate from WT or Fn14 KO mice collected 2 d
after 5-FU treatment. At this time point, WT and Fn14
KO mice have similar IL-33 levels in their tissues. Both

Fn14-independent induction of IL-13Rα 2 expression by
IL-33

IL-13 is known to induce IL-13Rα2 expression; how
ever, IL-13 protein levels did not increase in Fn14 KO
mice following 5-FU administration. Because IL-33
was highly expressed in Fn14 KO mice after 5-FU
administration, we investigated if IL-33 induces IL13Rα2 expression. Administration of recombinant
IL-33 to mesenchymal cells of the ileum induced IL-
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per time point). Open bar, WT mice; solid bar, Fn14 KO mice (n = 4 mice per time point). Data are shown as mean ± SD (aP < 0.05); B: Fold increase of IL-33 mRNA
in ECs and LPCs on day 5 after injection of 5-FU (n = 3 mice per experiment). Data are shown as mean ± SD; C: Sections were prepared from samples collected on
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Nuclear staining. Scale bar = 100 μm. Representative images are provided; D: LPCs from naïve WT or Fn14 KO ileum were stimulated with recombinant IL-33 in vitro
and the number of IL-13-producing cells per mouse was measured using flow cytometry. Results of repeated experiments (n = 3) are summarized.

WT and Fn14 KO ileum homogenate induced IL-13Rα2
expression in WT MEFs; however, this induction was
not observed when MEFs were treated with IL-33depleted homogenate (Figure 7B and C). These data
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suggest that IL-33 was responsible for the induction.
Overall, these results indicate that IL-33 expression,
which is enhanced in the absence of Fn14, could
upregulate IL-13Rα2 expression, neutralize IL-13
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KO mice after 5-FU treatment (n = about 3-5 mice per group). Data are shown as mean ± SD; B: Representative images from immunohistochemistry of IL-13Rα2 in
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group). aP < 0.05; D: Recombinant IL-13 (400 μg) was injected into naïve WT or Fn14 KO mice. After 3 d, ileum samples were collected, and sections were probed
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WT and Fn14 KO mice.

and its expression was Fn14-dependent. IL-13Rα2,
the IL-13 neutralizing receptor, was induced by IL-33,
which was upregulated in the absence of Fn14. Thus,
an Fn14 deficit limited both IL-13 expression and
activity. The TWEAK/Fn14 pathway coordinates these
factors, thereby contributing to 5-FU-induced diarrhea.
Fn14 is often upregulated in malignant tumors, and
high Fn14 levels are related to higher tumor grades
[18]
and poor prognosis in esophageal
and gastric

signal, and ameliorate 5-FU-induced diarrhea.

DISCUSSION
Blocking the TWEAK/Fn14 pathway suppressed 5-FUinduced diarrhea, but did not affect tumor growth
in the CT26 tumor-bearing model or the antitumor
effects of 5-FU. In our mechanistic studies, we found
that 5-FU-induced diarrhea was associated with IL-13,
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[19]

[27,28]

cancers . Previous studies reported that TWEAK/Fn14
signaling promotes invasion, migration, and survival
in many types of cancer cells, including glioblastoma,
[20-22]
neuroblastoma, and breast cancer cells
. One
study demonstrated therapeutic benefits when using a
[23]
TWEAK-blocking antibody for cancer therapy . These
reports indicated that TWEAK/Fn14 signaling relates
to tumor progression and blocking the TWEAK/Fn14
pathway could be beneficial in cancer treatment.
Another recent report showed that anti-Fn14 antibody
treatment prevented cancer-induced cachexia and
[24]
prolonged survival . By contrast, some reports show
that TWEAK/Fn14 signaling has an antitumorigenic
[25]
function . Therefore, role of TWEAK/Fn14 signaling
in cancer seems to be cell-type dependent. Careful
investigation of the effects of blocking TWEAK/Fn14
signaling on each cancer cell type is needed.
In Fn14 KO mice, IL-13, TNF-α, IFN-γ, and IL-17A
levels were low after 5-FU administration compared
with WT mice. All these cytokines are involved
in intestinal epithelial cell damage and diarrhea.
Specifically, IL-13 is an important mediator of allergen[26]
induced diarrhea . This study demonstrated the
critical role that IL-13 plays in 5-FU-induced diarrhea
using IL-13Rα1 KO mice. IL-13 disrupts tight junctions,

WJG|www.wjgnet.com

which affects intestinal barrier function
. In this
study, ZO-1 expression levels in 5-FU-treated WT mice
appeared to coincide with diarrhea score. Our previous
study showed that IL-13 combined with TNF-α induced
damage of tight junctions and intestinal EC death in an
[4]
Fn14-dependent manner . All these results support
our hypothesis that 5-FU-induced diarrhea is primarily
mediated by the IL-13 pathway, which affects the
barrier function of ECs.
We hypothesized that IL-33 was responsible for
induction of IL-13 in 5-FU-induced diarrhea. IL-13producing cells were induced when WT LPCs were
stimulated with IL-33. By contrast, IL-33 failed to
induce IL-13 expression in Fn14 KO LPCs both in vitro
and in vivo despite exposure to sustained high levels of
IL-33. This observation indicates that IL-33-stimulated
IL-13 expression is Fn14 dependent; however, LPCs
did not express Fn14. This result suggests that the
expression of IL-13 by LPCs in response to IL-33
requires some indirect priming, likely through soluble
factors, by Fn14-expressing cells, such as ECs. In this
situation, IL-33 functions as an alarmin in WT mice
to induce IL-13 expression and diarrhea. In an Fn14deficient microenvironment, LPCs could not induce
IL-13 expression in response to IL-33. This result
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could be explained by IL-33 having a different function
depending on the presence or absence of Fn14.
Previous studies reported that IL-33 is synthesized
as a full-length protein that is localized in the nucleus
[8,29]
of cells in epithelial barrier tissue
. Full-length IL-33
is not fully bioactive with respect to IL-33 receptor
binding and NF-κB activation potential until it undergoes
[14]
cleavage by caspase-1 . Full-length IL-33 can also be
cleaved by inflammatory proteases from neutrophils,
such as cathepsin and elastase. This cleavage results
[30,31]
IL-13 expression or IL-6 secretion
. The nuclear
localization sequence is located in the N-terminus of
IL-33 and is removed following cleavage. Therefore,
IL-33 leaves the nucleus after cleavage. In this study,
IL-33 localized to the cytosol on day 5 of 5-FU treatment
in WT ECs, whereas IL-33 was highly expressed and
localized to both the nucleus and cytosol in Fn14 KO
ECs on day 5. This observation could indicate that in WT
mice, IL-33 was fully cleaved and bioactive (i.e., capable
of inducing IL-13 expression in LPCs) but in Fn14 KO
mice, the nuclear-localized IL-33 was in a different
molecular form that served some other function with
respect to IL-13 expression. Further studies are needed
to investigate IL-33 processing, cellular localization, and
function.
In addition to reducing IL-13 secretion, we found
that upregulation of IL-33 in Fn14 KO mice actively
protected ECs from damage. We demonstrated for
the first time that IL-33 potently induced IL-13Rα2,
an IL-13 neutralizing receptor. IL-13Rα2 plays an
important protective role in cases of mucosal damage,
[32]
such as oxazolone-induced colitis , and EC damage
[17]
after γ-irradiation . In these cases, IL-13Rα2 ex
pression or IL-13 neutralization prevents damage in
the intestine. Recently, IL-13Rα2 was reported to bind
chitinase-like protein chitinase 3-like 1 and regulate
oxidant injury, apoptosis, pyroptosis, inflammasome
[33]
activation, and antibacterial responses . This
mechanism may also contribute to the protective effect
of the IL-33-IL-13Rα2 axis in 5-FU-induced damage of
the epithelial barrier. In contrast to IL-13 expression,
recombinant IL-33-induced IL-13Rα2 expression
seems to be similar between WT and Fn14 KO mice.
Therefore, sustained exposure to high levels of IL-33
could explain the enhanced induction of IL-13Rα2
expression in Fn14 KO mice. Collectively, these results
indicate that induction of IL-13Rα2 expression by IL-33
is an important mechanism to ameliorate 5-FU-induced
diarrhea and intestinal damage in Fn14 KO mice.
In our study, blocking the TWEAK/Fn14 pathway
did not affect tumor growth in the CT26 tumor-bearing
model or the antitumor effects of 5-FU. Our results
demonstrated that disrupting TWEAK/Fn14 signaling
alters multiple processes in various cell types, including
expression of IL-33 and tight junction proteins in ECs,
induction of IL-13 expression in LPCs, and the induction
of IL-13Rα2 expression in mesenchymal cells. These
changes affected the sensitivity of normal intestinal
cells to chemotherapeutic agents and ameliorated
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5-FU-induced diarrhea. Therefore, we believe that
disrupting the TWEAK/Fn14 pathway could reduce the
side effects of 5-FU, thereby making chemotherapy
more effective.
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AIM
To investigate the mechanism of chaperone-mediated
autophagy (CMA)-induced resistance to irradiationtriggered apoptosis through regulation of the p53 protein
in hepatocellular carcinoma (HCC).

Data sharing statement: No additional unpublished data are
available.

METHODS
Firstly, we detected expression of lysosome-associated
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membrane protein 2a (Lamp-2a), which is the
key protein of CMA, by western blot in HepG2 and
SMMC7721 cells after irradiation. We further used
shRNA Lamp-2a HCC cells to verify the radioresistance
induced by CMA. Next, we detected the HMGB1 and
p53 expression after irradiation by western blot, and
we further used RNA interference and ethyl pyruvate
(EP), as a HMGB1 inhibitor, to observe changes of p53
expression. Finally, an immunoprecipitation assay was
conducted to explore the interaction between Lamp-2a
and HMGB1, and the data were analyzed.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a rapidly progressive
fatal malignancy, with an increasing incidence of
[1]
HCC-related morbidity demonstrated at present .
Radiotherapy is regarded as a therapeutic modality and
has achieved efficacious tumor control as well as the
[2,3]
lengthening of patients’ lives in advanced disease .
However, HCC has commonly been regarded as a radio
[4]
resistant tumor for a long time , because varieties
of cellular processes are activated in radiotherapy
involving essential proteins which make a difference
[5]
in the curative effects . Recent research has found
that autophagy is not only fundamental for the cellular
[6]
response to stress , but also strongly links with cancer
[7]
resistance in therapy . chaperone-mediated autophagy
(CMA) is a selective form of autophagy and mainly
[8]
recognizes and degrades KFERQ sequence motifs .
There is a growing interest to investigate CMA function
as well as the related mechanism in tumor therapy.
It has been shown that CMA activation significantly
[9]
reduced therapeutic efficacy in tumor therapy . Never
theless, the related specific mechanism remains to be
elucidated.
p53 is functional when cell damage such as irra
diation occurs in the DNA resulting in the inducing
of growth arrest in G1 or G2 phases of the cell cycle
or leading to cell apoptosis, thus protecting cells
from uncontrolled proliferation and inhibiting tumor
[10,11]
development
. Generally, the loss of p53 function
is responsible for increased tumor resistance. It has
been reported that CMA can regulate p53 protein
expression, but not degrade p53 protein, to influence
[12]
the Bcl-2 and Bax levels in cytoplasm . Therefore,
there must be another molecule to regulate the p53
expression.
High-mobility group box 1 (HMGB1), a chromatin
associated nuclear protein and extracellular damage
associated molecular pattern molecule (DAMP), is a
protein that has complicated functions in cancer. Reports
have shown that HMGB1 expresses highly in varieties
[13]
[14]
[15,16]
of cancers including HCC , lung , gastric
etc.,
which means HMGB1 is closely related with tumor
development, infiltration and metastases. Besides,
HMGB1 can bind many proteins involved in autophagy
[17,18]
including Beclin1, Atg5
. Some studies showed that
p53 and HMGB1 could form a complex that regulates
the cytoplasmic localization of the binding protein and
[19]
impacts on cell autophagy as well as apoptosis .
This means that HMGB1 could impact the p53 protein
expression and then regulate the anti-apoptotic function
of p53. Hence, this paper will focus on CMA-induced
radioresistance as well as the connection among
CMA activation, p53 and HMGB1 protein expression,
and ascertain the mechanism of CMA-induced radio
resistance in HCC cells through degrading HMGB1 and
further regulating p53 expression.

RESULTS
we found the expression of Lamp-2a was increased
on irradiation while apoptosis decreased in HepG2 and
SMMC7721 cells. The apoptosis was increased markedly
in the shRNA Lamp-2a HepG2 and SMMC7721 cells as
detected by western blot and colony formation assay.
Next, we found p53 expression was gradually reduced
on irradiation but obviously increased in shRNA Lamp2a cells. Furthermore, p53 increased the cell apoptosis
on irradiation in Hep3B (p53-/-) cells. Finally, p53 levels
were regulated by HMGB1 as measured through RNA
interference and the EP treatment. HMGB1 was able to
combine with Lamp-2a as seen by immunoprecipitation
assay and was degraded via the CMA pathway. The
decreased HMGB1 inhibited p53 expression induced by
irradiation and further reduced the apoptosis in HCC
cells.
CONCLUSION
CMA pathway activation appears to down-regulate the
susceptibility of HCC to irradiation by degrading HMGB1
with further impact on p53 expression. These findings
have clinical relevance for radiotherapy of HCC.
Key words: Hepatocellular carcinoma; Radioresistance;
chaperone-mediated autophagy; HMGB1; p53
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The activation of chaperone-mediated
autophagy plays an important role in reducing
hepatocellular carcinoma (HCC) cell apoptosis in
response to irradiation through degraded HMGB1
protein which reduces p53 expression. The discovery
of this mechanism will be beneficial for inhibiting
radioresistance of HCC and has a promising value in
clinical treatment strategy.
Wu JH, Guo JP, Shi J, Wang H, Li LL, Guo B, Liu DX, Cao
Q, Yuan ZY. CMA down-regulates p53 expression through
degradation of HMGB1 protein to inhibit irradiation-triggered
apoptosis in hepatocellular carcinoma. World J Gastroenterol
2017; 23(13): 2308-2317 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i13/2308.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2308
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siRNA: CUCUCUCCGCUCUGUAACAUU. Control sense
strand siRNA: GAUGAUCUAAUGGC, Control antisense
strand siRNA: GUCUCACUCGCU CUCUAUACU).

MATERIALS AND METHODS
Reagents and antibodies

Antibodies targeted to Bcl-2, Caspase 3(cleaved),
HMGB1, p53 (rabbit), p21, and Tubulin were obtained
from Cell Signaling Technology (United States).
Anti-p53 Ab (mouse) was obtained from Santa Cruz
Biotechnology, Inc. (United States). Antibodies targeted
to Lamp-2a were obtained from Abcam (United States).
Ethyl pyruvate (EP) (CAS: 617-35-6) was obtained
from SIGMA (United States). Protein A/G sepharose
beads were obtained from SIGMA (United States).
Lamp2a shRNA (sh-Lamp2a)-expressing lentivirus
(target sequence 5 -GCAGTGCAGATGACGACAA-3)
and a nonsilencing sequence-expressing lentivirus (shNC) (5-TTCTCCGAACGTGTCACGTTTC-3) were supplied
commercially by GenePharma Co. Ltd. (Suzhou, China).

Western blotting

Cells were collected and lysed in whole-cell lysate
(containing PMSF and a phosphatase inhibitor).
Equal amounts of cell lysate were separated by
SDS-PAGE and electrotransferred to polyvinylidene
difluoride membranes. Proteins were detected using
an ECL system (Pierce, Thermo, United States). Each
experiment was repeated three times, and similar
results were obtained.

Immunoprecipitation

The cell lysate (500 μg total protein) was combined
with 30 μl of protein A/G sepharose beads and 2 μg
of primary antibody followed by continuous rotation
at 4 ℃ overnight. Beads were washed four times with
immunoprecipitation (IP) buffer for 5 min at 2500
rpm and at 4 ℃. Next, 1 × SDS buffer was added to
the samples, which were then treated at 100 ℃ for 10
min. Immunoprecipitated samples were analyzed by
Western blotting using anti-Lamp-2a, anti-HMGB1.

Cell lines and culture conditions

The human SMMC7721 (wt p53), HepG2 (wt p53),
Hep3B (p53-/-) cell lines were cultured at 37 ℃ in
a humidified atmosphere containing 5% CO2 in the
following media: high-glucose DMEM (Gibco) supple
mented with 10% heat-inactivated FBS, 100 units/mL
penicillin and 100 mg/mL streptomycin.

Statistical analysis

Irradiation

Statistical analysis was performed with SPSS 17.0
software. Graphs were analyzed using Image Lab
system. The data are expressed as mean ± SD of the
values from three independent determinations and
statistical analysis was conducted using either the
Student’s t-test or one-way analysis of variance in
comparison with corresponding controls. Probability
values less than 0.05 were considered statistically
significant.

Cells were cultured as described above and irradiated
with a 6-MV X-ray linear accelerator (BJ6B/400 AFC
system; Beijing, China) at a dose rate of 360 cGy/min;
the total dosage was 0-10 Gy. The control cells were
cultured with medium alone. At 48 h after the irradia
tion, the cells were used for further experiments.

Plate clone formation assay

About 2000 cells were planted to each well of a 6-well
culture plate, and each group contained three wells.
After incubation at 37 ℃ for 14 d the cells were washed
twice with PBS and stained with Crystal Violet Staining
Solution. The number of colonies containing 50 cells
was counted under a microscope.

RESULTS
CMA conferred resistance to irradiation in HCC cells

One of the major therapeutic mechanisms of
[20]
irradiation is to induce target cell apoptosis . In this
study, the apoptosis of HepG2 and SMMC7721 after
irradiation increased in a dose-dependent manner
(Figure 1A). The apoptosis also took on a dynamical
change: it increased at 6-12 h, and decreased at
24-48 h (Figure 1B). In consideration of the declining
apoptosis induced by radiotherapy, we thought there
must exist some factors to reduce the irradiationinduced apoptosis. Studies showing that CMA pathway
activation plays a role in regulating cancer cell
[21]
proliferation or apoptosis gave rise to our attention .
To determine whether CMA pathway activation impacts
on the irradiation-induced cancer cell apoptosis, we
firstly detected the activation of the CMA pathway.
[22]
Lamp-2a, the key protein in the CMA pathway ,
was gradually increased on irradiation and peaked at
48 h (Figure 1B). Contrary to activation of the CMA
pathway, the apoptosis levels decreased at 24-48 h. To

shRNA knockdown of Lamp-2α and generation of cell
lines

Short hairpin RNA (shRNA) expressing stable Lamp2α transformants were generated by infecting the cells
with lentiviral expressing specific shRNA (sh-Lamp2aexpressing lentivirus or sh-NC-expressing lentivirus).
Western blots were performed to determine the
knockdown efficiency.

RNA interference

Cells were cultured and transfected with purified,
annealed and desalted double-stranded siRNA (40
6
μg/2 × 10 cells) using the Amaxa nucleofection
system (kit V, program G-16). siRNA targeted against
lHMGB1. (HMGB1 sense strand siRNA: UGUUAC
AGAGCGGAGAGAGUU, HMGB1 antisense strand
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Figure 1 Irradiation-induced chaperone-mediated autophagy pathway activation regulated the apoptosis in hepatocellular carcinoma cells. A: HepG2
and SMMC7721 cells were irradiated at different doses and the ability of proliferation was detected by clone formation assay; B: HepG2 and SMMC7721 cells were
irradiated at doses of 6 Gy; the levels of Lamp-2a, Caspase 3 (cleaved) and Bcl-2 were determined by western blot at different post-irradiation times; C: sh-Lamp-2a
HepG2 and sh-Lamp-2a SMMC7721 cells were irradiated at doses of 6 Gy; the levels of Lamp-2a, Caspase 3 (cleaved) and Bcl-2 were detected at 48 h by western
blot; D: The ability of propagation in sh-Lamp-2a HepG2 and sh-Lamp-2a SMMC7721 cells was detected by clone formation assay at 48 h after 6 Gy irradiation. aP <
0.05, vs control groups or sh-NC groups. Each experiment was repeated three times and similar results were obtained.

cells (Figure 1C), and the clone formation assay results
provided more evidence (Figure 1D). Taken together,
from these results, we believe that the activated CMA
pathway plays an important role in down-regulating
the apoptosis in HCC cells on irradiation.

confirm whether CMA activation has functions in downregulating irradiation-induced apoptosis, we used
sh-Lamp-2a cells to investigate the effects of CMA
induced by irradiation in HCC cells. The results showed
that the apoptosis increased obviously in sh-Lamp-2a
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CMA induced radioresistance through impacting on p53
protein expression in HCC cells

expression and detected the apoptosis at 48 h after
irradiation at 6 Gy. The result revealed that cell
apoptosis significantly declined (Figure 3B); meanwhile
the colony-forming efficiency was markedly increased
(Figure 3C). Next, we further tested and verified the
role of HMGB1 by RNA interference. In si-HMGB1 cells,
cell colony-forming efficiency increased in contrast to
that seen in HCC cells or si-NC cells (Figure 3D). The
above data affirmed that HMGB1 was able to regulate
HCC apoptosis on radiotherapy. When EP and siRNA
of HMGB1 were applied again to detect the change in
p53 expression, we found that the expression of p53
and p21 had declined distinctly (Figure 3E and F).
Previous studies had shown that knock-out p53 could
reduce the apoptosis on irradiation, so HMGB1 could
influence HCC cell apoptosis through regulation of p53
expression on radiotherapy.

It is well known that p53, an important tumor su
ppressor, is able to impact on cell apoptosis through a
variety of pathways. To find out the role of p53 in HCC
cell irradiation, we firstly detected the p53 expression
in irradiated HepG2 and SMMC7721 cells. The results
showed p53 gradually increased in 6-12 h, and began
to decrease in 24-48 h on irradiation (Figure 2A).
Meanwhile, HepG2 and SMMC7721 cell apoptosis
greatly reduced at 24-48 h after radiotherapy (Figure
1B). From the similar tendency between down-regulated
apoptosis and decreased p53 expression on irradiation,
we wondered whether the reduced p53 expression
induced the down-regulated apoptosis on irradiation.
In order to confirm this hypothesis, we detected
the apoptosis and growth of HepG2, Hep3B (p53-/-)
cells on irradiation. The results demonstrated that
the susceptibility to irradiation of Hep3B (p53-/-) was
lower than HepG2 (Figure 2B and C). Therefore, we
confirmed p53 played key roles in radioresistance. As
shown in Figure 1B and Figure 2A, we found the level
of p53 protein was just the opposite of the increased
CMA pathway activation. This result made us speculate
whether there were somehow links between p53
reduction and CMA pathway activation. To confirm
whether the reduced levels of p53 had some links
with the CMA pathway activation, we carried out the
following experiments. We constructed the sh-Lamp2a HepG2 and sh-Lamp-2a SMMC7721 cells and
treated them with irradiation. We found expressions
of the p53 and its downstream effector protein p21
were both higher than those in wild type cells (Figure
2D). These results revealed that p53 expression was
regulated by the CMA pathway.

HMGB1 degraded by the CMA pathway mediated the
reduced apoptosis in HCC cells

The above experiments confirmed CMA pathway
activation could reduce p53 expression. What’s more,
p53 was also regulated by HMGB1 on irradiation. So
we speculated as to whether HMGB1 was degraded
by CMA pathway activation and then reduced the p53
expression. To confirm our hypothesis, we first tested
the HMGB1 levels in sh-Lamp-2a HepG2 and shLamp-2a SMMC7721 cells. As Figure 4A shows, the
HMGB1 increased obviously in sh-Lamp-2a cells on
irradiation, which indicated CMA pathway activation
has a function in regulating the HMGB1 expression.
Through immunoprecipitation analysis, we found
that HMGB1 could interact with Lamp-2a and formed
a complex in HCC cells (Figure 4B). The HMGB1
combined with Lamp-2a increased gradually from
12 to 48 h on irradiation. Meanwhile, the HMGB1 in
cytoplasm was decreased (Figure 4C). This meant that
HMGB1 degraded by CMA resulted in low cytoplasm
HMGB1 levels. Further, we continued to detect HMGB1
combined with Lamp-2a in the presence of ethyl
pyruvate (EP, which was applied as an inhibitor of
HMGB1) by immunoprecipitation assay. As results
show in Figure 4D, the HMGB1 reduced markedly in
the presence of EP; meanwhile HMGB1 combined with
Lamp-2a also decreased. This provides just one more
testament to the HMGB1 degradation through CMA
pathway activation.

p53 expression was regulated by HMGB1 in HCC cells
on irradiation

Previous studies showed that p53 was not degraded
by the CMA pathway but rapidly degraded by the
[23]
activity of the p53-targeting ubiquitin ligase MDM .
Nevertheless, we had confirmed that p53 expression
was regulated by the CMA pathway activation from
our results. So we thought there must be another
protein which connected p53 reduction and CMA
pathway activation on irradiation. It was reported that
p53 could interact with HMGB1 in cells to regulate cell
[24]
autophagy and apoptosis . That led us to suspect
that HMGB1 may be the key molecule to regulate the
p53 reduction on irradiation. So we firstly detected
HMGB1 expression in HepG2 and SMMC7721 cells
treated with irradiation at 6 Gy. The results showed
that HMGB1 increased at 6-12 h and decreased
at 24-48 h on irradiation (Figure 3A). To further in
vestigate whether HMGB1 plays a role in regulating
apoptosis of HCC cells on irradiation, we performed
the experiments described below. Firstly, we used EP,
the specific inhibitor of HMGB1, to suppress HMGB1

WJG|www.wjgnet.com

DISCUSSION
HCC is a common malignant tumor and radioresistance
[25]
is a critical issue in clinical treatment . In radiotherapy,
induction of apoptosis is the major therapeutic me
chanism. Once the apoptosis induced by irradiation
declines, the tumor appears to have comparatively
low sensitivity to irradiation. Recently, CMA has been
gaining more and more attention with regard to tumor
progression and therapy because of its function in
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Figure 2 p53 was regulated through chaperone-mediated autophagy pathway activation in hepatocellular carcinoma cells on irradiation. A: HepG2 and
SMMC7721 cells were irradiated with doses of 6 Gy. At different post-irradiation times, the levels of p53 were determined by western blot; B: HepG2 and Hep3B (p53-/-)
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experiment was repeated three times and similar results were obtained.
[27-29]

regulation of apoptosis. In our study, we found the
CMA pathway was activated gradually in radiotherapy
of HCC cells, especially in the late stage of irradiation.
Inhibition of CMA pathway activation could sensi
tize tumor cells to undergo apoptosis, implying CMA
could protect hepatocarcinoma cells from radioactive
harm, and induce cell production of radioresistance.
Besides the CMA pathway, there are varieties of cellular
processes that determine the success of treatment,
[26]
including p53 protein . p53 is a transcription factor
associated with more than 50% of human tumors and
a key molecule involved in response to cell apoptosis
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in radiotherapy
. In our study, apoptosis was much
lower on irradiation in Hep3B cells (p53-/-) than in
HepG2 cells. This made us convinced that on irradiation,
p53 plays an important role in apoptosis regulation.
Since p53 protein and CMA pathway activation had
important functions in HCC cells irradiation, we thought
there maybe existed an interaction between CMA
pathway activation and p53 protein expression. In shLamp-2a HepG2 and SMMC7721 cells, p53 protein and
the downstream p21 protein both increased sharply.
From this, we confirmed CMA pathway activation
did regulate p53 expression on irradiation. However,
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Figure 4 HMGB1 was degraded through chaperone-mediated autophagy pathway in hepatocellular carcinoma cells. sh-Lamp-2a HepG2 and sh-Lamp2a SMMC7721 cells were irradiated at doses of 6 Gy, (A) the levels of HMGB1 were determined after 48 h by western blot and (B) the interaction of Lamp-2a with
HMGB1 was detected by immunoprecipitation (IP); C: Lamp-2a and HMGB1 were detected at different post-irradiation times by IP; D: In the presence of EP (10
µg/mL), the levels of HMGB1 were detected after 48 h by IP. Each experiment was repeated three times and similar results were obtained.
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Applications

[12]

Vakifahmetoglu-Norberg mentioned that p53 was not
directly degraded through the CMA pathway; so there
must be another way to regulate the p53 expression.
It is well known that many proteins in cells can
interact with p53 protein and further influence cell
progression and apoptosis. The interactions are im
portant for its activity and function. Studies have
shown that p53 interacts with HMGB1 proteins in
cells and further regulates the cell proliferation and
[30-32]
migration
. In our study, we found that HMGB1
was significantly expressed in irradiated HCC cells but
markedly reduced in the late stage on irradiation. At
the same time, the HCC cell apoptosis also reduced
in line with the HMGB1 reduction. When HepG2 and
SMMC7721 had HMGB1 expression blocked with EP or
RNA interference, p53 and its downstream molecule
p21 were obviously decreased. Combined with previous
p53 regulation of apoptosis results, we confirmed that
in the late stage of irradiation, HMGB1 plays a vital
role in inducing apoptosis through regulation of p53
expression. Although some studies have revealed that
the CMA pathway could impact the HMGB1 expression,
the mechanism has been unclear. In our study, we
confirmed that HMGB1 could interact with Lamp-2α
and form a complex through immunoprecipitation
assay. This means that HMGB1 induced by irradiation
maybe contains KFERQ-like sequence motifs which
might permit Hsc70 to recognize and in turn promote
the degradation of HMGB1 in a lysosome-dependent
manner.
To summarize the above, CMA pathway activation
could down-regulate HCC cell susceptibility to apoptosis
on irradiation through degradation of HMGB1 protein
which reduced p53 expression. These findings suggest
that CMA plays a critical role in the irradiation treatment
of HCC and that it has a promising value in clinical
treatment strategy.

This study revealed that CMA plays a critical role in the reduction of apoptosis
of HCC cells in irradiation treatment. The discovery of this mechanism will be
beneficial to inhibiting radioresistance of HCC and has a promising value in
clinical treatment strategy.

Peer-review

It is well-known that p53 is one of the important molecules for anticancer
mechanism. The authors showed the CMA activation was associated with
reduced p53 and apoptosis. They showed that CMA (not MDM) could decrease
p53 protein through the reduction of HMGB1. this paper is generally wellwritten.
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Abstract
AIM
To explore the functional role of cullin 4A (CUL4A), a
core subunit of E3 ubiquitin ligase, in perihilar cholan
giocarcinoma (PHCC).

Institutional review board statement: All perihilar cholan
giocarcinoma specimens from the patients were taken after
informed consent and ethical permission were obtained for
participation in the study.

METHODS
The expression of CUL4A in PHCC cell lines was
evaluated by Western blot and quantitative reverse
transcription-polymerase chain reaction. Immuno
histochemistry (IHC) was adopted to investigate
the relationship between CUL4A expression and
clinicopathological characteristics of PHCC. Univariate
analysis and multivariate regression analysis were
performed to analyze the risk factors related to overall
survival (OS) and progression-free survival (PFS) of
PHCC patients. Wound healing, Transwell and Matrigel
assays were utilized to explore the function of CUL4A in
PHCC metastasis. Furthermore, expression of epithelial
to mesenchymal transition (EMT) markers was verified
in cells with CUL4A knockdown or overexpression. The
relationship between CUL4A expression and E-cadherin
expression was also analyzed by IHC assay. Finally, the
role of ZEB1 in regulating CUL4A mediated PHCC was
detected by IHC, Western blot, Transwell and Matrigel
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originating from the hepatobiliary tract and exhibiting
characteristics of cholangiocyte differentiation, is
classified into intrahepatic CCA, perihilar CCA (PHCC)
[1]
and distal CCA based on its anatomical location .
During the past 2-3 decades, the incidence and mortality
[2]
rates of PHCC, accounting for 50% of CCA cases , have
[3]
been steadily increasing . The vast majority of patients
diagnosed with PHCC usually present with an advanced
disease that develops without an identifiable aetiology.
Curative surgical resection, the only effective treatment
to achieve a possible cure in PHCC, can be achieved in
[4]
less than 19%-75% of patients . Even worse, currently
available chemotherapy and radiotherapy regimens
are usually unresponsive to advanced PHCC. When
[5]
left untreated, the survival time is only 6 to 12 mo .
Therefore, to improve the prognosis of PHCC patients, it
is essential to further elucidate the underlying molecular
mechanisms of PHCC progression and identify more
effective prognostic biomarkers that might also serve as
potential targets for PHCC treatment.
Cullin 4A (CUL4A), a core subunit of E3 ubiquitin
ligase, encodes a member of the cullin ubiquitin-ligase
family, which includes seven members in mammals
[6]
(Cul1, 2, 3, 4A, 4B, 5, and 7) . CUL4A controls diverse
cellular processes, including proliferation, differentiation,
apoptosis and metastasis. Additionally, CUL4A has been
shown to mediate the ubiquitin-dependent proteolysis
of several well-defined tumour suppressor genes,
such as p21, p27, DDB2, and p53, indicating that
[7,8]
CUL4A may be a potential oncogene . Furthermore,
CUL4A amplification and overexpression have been
found in several human cancers, including primary
[9]
human breast cancer , esophageal squamous cell
[10]
[11]
carcinoma , adrenocortical carcinoma , childhood
[12]
[13]
medulloblastoma , hepatocellular carcinoma , and
[14]
primary malignant pleural mesothelioma . Furthermore,
strong CUL4 expression is an independent prognos
tic factor for survival in node-negative breast cancer,
[15-17]
prostate cancer and intrahepatic CCA
. However, to
the best of our knowledge, its functional role in PHCC
has not been previously investigated.
Metastasis, the final stage of solid cancer pro
gression, is responsible for the vast majority of cancerrelated deaths. However, the exact mechanism for
cancer metastasis remains unclear. The biology of most
PHCC cases is aggressive, involving rapid invasion and
metastases. The epithelial to mesenchymal transition
(EMT) is a cellular process during which epithelial
cells lose their polarity and cell-cell adhesion, undergo
changes in cell shape and cytoskeletal organization and
[18]
acquire mesenchymal characteristics . It has been
confirmed that the EMT is closely involved in increasing
cell migratory and invasive properties, inducing stem
cell properties, preventing apoptosis and senescence,
[19-21]
and resisting chemotherapy and immunotherapy
.
Therefore, the EMT process is now considered a potential
target in tumour metastasis prevention and treatment.
With respect to these notions, the present study

assays.
RESULTS
CUL4A overexpression was detected in PHCC cell
lines and clinical specimens. Clinicopathological
analysis revealed a close correlation between CUL4A
overexpression and tumour differentiation, T, N and
TNM stages in PHCC. Kaplan-Meier analysis revealed
that high CUL4A expression was correlated with poor
OS and PFS of PHCC patients. Univariate analysis
identified the following four parameters as risk factors
related to OS rate of PHCC: T, N, TNM stages and high
CUL4A expression; as well as three related to PFS: N
stage, TNM stage and high CUL4A expression. Further
multivariate logistic regression analysis identified high
CUL4A expression as the only independent prognostic
factor for PHCC. Moreover, CUL4A silencing in PHCC
cell lines dramatically inhibited metastasis and the EMT.
Conversely, CUL4A overexpression promoted these
processes. Mechanistically, ZEB1 was discovered to
regulate the function of CUL4A in promoting the EMT
and metastasis.
CONCLUSION
CUL4A is an independent prognostic factor for PHCC,
and it can promote the EMT by regulating ZEB1
expression. CUL4A may be a potential therapeutic
target for PHCC.
Key words: perihilar cholangiocarcinoma; epithelial to
mesenchymal transition; ZEB1; Cullin 4A; metastasis;
prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cullin 4A (CUL4A), a core subunit of E3
ubiquitin ligase, was confirmed to promote the meta
stasis and the epithelial to mesenchymal transition
(EMT) in perihilar cholangiocarcinoma (PHCC) in the
present study. High CUL4A expression was revealed
to be correlated with poor overall survival (OS) and
progression-free survival (PFS) of PHCC patients. CUL4A
expression was detected to be the only independent
risk factor for OS and PFS in PHCC. Mechanistically,
ZEB1 was verified to mediate the function of CUL4A in
regulating PHCC metastasis and the EMT.
Zhang TJ, Xue D, Zhang CD, Zhang ZD, Liu QR, Wang JQ.
Cullin 4A is associated with epithelial to mesenchymal transition
and poor prognosis in perihilar cholangiocarcinoma. World J
Gastroenterol 2017; 23(13): 2318-2329 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i13/2318.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i13.2318

INTRODUCTION
Cholangiocarcinoma (CCA), a primary epithelial cancer
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supplemented with 10% FBS and 1% penicillin/strep
tomycin in an atmosphere of 5% CO2 at 37 ℃.

investigated the expression of CUL4A and its clinical
significance in PHCC. The role and mechanisms by
which CUL4A promotes the EMT and PHCC cell motility
were also explored. The results not only further
elucidated the metastasis mechanism of PHCC but also
identified that CUL4A may serve as a potential target
for PHCC treatment.

Quantitative reverse transcription-polymerase chain
reaction

TRIzol reagent (15596-026, Invitrogen) was used
to extract total RNA according to the manufacturer’s
instructions, and 5 μg of total RNA was used for
cDNA synthesis. Assays were performed in triplicate
on an ABI PRISM 7900HT sequence detection system
according to standard protocols as recommended by
the manufacturer. Melting curve analysis was conducted
to distinguish specific products from non-specific
products and primer dimers. The GAPDH gene was
amplified as an internal control in each sample.

MATERIALS AND METHODS
Patients and follow-up

Primary PHCC tissues (n = 78), 12 of which had
matched adjacent normal bile duct tissues, were
obtained from PHCC patients who underwent curative
surgery at the Department of General Surgery, The
People’s Hospital of Binzhou, China, between 2003
and 2010. Informed consent was obtained from each
patient, and the study protocol was approved by the
Clinical Research Ethics Committee of The People’s
Hospital of Binzhou. The diagnosis of PHCC was con
firmed by routine pathology. Pathologic tumour-nodeth
metastasis staging was classified according to the 7
staging classification of American Joint Committee on
Cancer criteria. Patient latest follow-up was terminated
in May 2016. Overall survival (OS) was defined as the
interval between the date of surgery and death or
when censored at the latest date. Progression-free
survival (PFS) was defined as the time from the date
of surgery to the date of disease relapse/progression
or the date of death or when censored at the latest
date. Patients died from causes other than PHCC were
censored.

Western blot analysis

Total cellular proteins were isolated using RIPA buffer
(Thermo Fisher Scientific, United States) according to
the manufacturers’ protocols. Aliquots (12 μg) of total
protein were resolved by sodium dodecyl sulphatepolyacrylamide gel electrophoresis. The separated
proteins were transferred to polyvinylidene difluoride
membranes (Millipore). The membranes were blocked
with 5% bovine serum albumin for 2 h and incubated
with each primary antibody overnight at 4 ℃. The
signals from the primary antibody were amplified by
HRP conjugated anti-mouse IgG or anti-rabbit IgG,
and the bands were visualized with a FluorChem E
system (Protein Simple, United States).

Establishment of cell lines with stable CUL4A
overexpression or knockdown

Immunohistochemistry and scoring

The shRNA sequences and cDNA of wild-type CUL4A
gene were cloned into pLenti-vectors. The shRNA
sequences of CUL4A were 5′-GATCCCCGGTTTATCC
ACGGTAAAGATTCAAGAGATCTTTACCGTGGATAAA
CCTTTTTGGAAA-3′ (forward) and 5′-AGCTTTTCCAAA
AAGGTTTATCCACGGTAAAGATCTCTTGAATCTTTACCG
TGGATAAACCGGG-3′ (reverse). Then, pLenti-shCUL4A
and pLenti vectors were transfected into QBC939
cells and pLenti-CUL4A vector and pLenti vector
were transfected into FRH0201 cells via lentiviral
infection. For the lentiviral infection, lentiviral plasmid
vectors including pLenti-vector, pLenti-shCUL4A and
pLenti-CUL4A were co-transfected with packaging
vectors and the viral particles were produced by
293T cells. Then, lentiviral stocks were concentrated
using ultracentrifugation. Subsequently, PHCC cells
(QBC939 and FRH0201 cells) were incubated with
the infection medium mixed with polybrene (4 μg/
mL) at a multiplicity of infection (MOI) of 20. Finally,
puromycin (1-3 μg/mL) was used to select resistant
cells. The QBC939 cell line with stable knockdown of
CUL4A (QBC939-pLenti-shCUL4A), its corresponding
control cell line (QBC939-pLenti-Vector), the FRH0201
cell line with stable CUL4A overexpression (FRH0201pLenti-CUL4A) and its corresponding control cell

Immunohistochemistry (IHC) analysis of CUL4A, ZEB1
and E-Cadherin expression in clinical samples was
[22]
performed as previously described . Scoring was
performed by two pathologists who were blinded to the
pathology and clinical features in The People’s Hospital
of Binzhou. The scoring system includes the extent
and intensity of staining. Briefly, the intensity was
assigned a score of 0, 1, 2, or 3, representing negative,
weak, moderate, or strong expression, respectively.
Whereas, the extent was assigned a score of 0, 1, 2,
or 3, representing negative, < 10%, 10%-50%, and >
50% of cells stained. The overall quantitation of the IHC
score was obtained by multiplying the average intensity
and score of five different high-power fields (× 400
magnification).

PHCC cell lines

The human normal biliary epithelial cell line, HIBEpiC,
and human PHCC cell lines, QBC939 and FRH0201,
were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). HIBEpiC was
grown in DMEM supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin. QBC939
and FRH0201 were cultured in RPMI-1640 medium,
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line (FRH0201-pLenti-Vector) were established. The
expression of CUL4A in these cell lines was examined
by quantitative reverse transcription-polymerase chain
reaction (qRT-PCR).
siNC, siZEB1.1 and siZEB1.2 were purchased
from GENEWIZ (Suzhou, China). Transfection was
performed with Lipofectamine 2000 (Invitrogen, United
States) according to the manufacturer’s instructions.

are shown as median ± SD. ROC analysis was utilized
to get the optimal cutoff scores of CUL4A expression
for survival analysis. Differences among variables
were assessed by two-tailed Student’s t-test or oneway analysis of variance. Linear regression was tested
by using the Spearman rank correlation. The KaplanMeier method was used to estimate survival, and
the survival difference was compared using the logrank test. P < 0.05 was considered to be statistically
significant.

Wound healing assay

Cells were cultured in medium that was deprived of
serum and grown to confluence in a 6-well plate. Then,
a wound was made in the middle of a culture plate
with a 200 μl sterile pipette tip. The wound healing
process was photographed using phase-contrast
microscopy at 0, 24 and 48 h. The quantification
was performed by measuring the uncovered areas
compared with the controls.

RESULTS
Expression of CUL4A is up-regulated in human PHCC

To explore the role of CUL4A in PHCC development, we
evaluated the expression of CUL4A in various human
PHCC cell lines. As shown in Figure 1A, elevated
CUL4A expression was observed in PHCC cell lines
compared to a human normal biliary epithelial cell
line (HIBEpiC). This result was further verified by qRTPCR in the studied cell lines (Figure 1B). To determine
the clinical significance of CUL4A expression in PHCC,
the relationship between CUL4A expression and
clinicopathological features was analysed. Validation
with IHC also determined that an increased CUL4A
IHC score could be found in primary PHCC tumours
relative to adjacent non-tumoural intrahepatic bile
ducts (4.04 ± 2.45 vs 1.47 ± 0.96, P = 0.001) (Figure
1C). Additionally, statistical analyses revealed a strong
correlation between the expression of CUL4A and
tumour differentiation (P < 0.001), T stage, N stage (P
< 0.001) and TNM stage (P < 0.001) (Table 1). PHCC
patients with higher CUL4A expression had a higher
tendency to have poorer differentiation and a higher
incidence of advanced T, N and TNM stages. There
were no statistically significant connections between
CUL4A expression and other clinicopathological para
meters, such as age, gender, tumour size, and M stage
(P > 0.05, Table 1). These results indicated that CUL4A
overexpression is positively correlated with PHCC
progression.

Migration and invasion assays

A Boyden chamber (8 μm pore size, BD Biosciences,
United States) was used to test cell motility. In the
Matrigel invasion assay, the Boyden chambers were
coated with Matrigel (40 lg/well; BD Biosciences,
Bedford, MA, United States) and incubated for at
least 1 h at 37 ℃ before the cells were seeded. Cells
4
(5 × 10 ) were suspended in 200 μl of serum-free
medium and plated in the upper chamber, whereas
600 μl of medium with 10% FBS was added to the
lower well. After 24 h of incubation, the cells were
removed from the upper side of the chamber, and cells
attached to the lower surface of the membrane were
fixed with methanol for 30 min, and then stained with
10% Giemsa solution (Solarbo, United States). The
statistical results of cell numbers per image field were
obtained from three independent experiments that
were averaged from five image fields.

Selection of cut-off scores

To select the clinically essential cut-off scores for
CUL4A, receiver operating characteristic (ROC) curve
analysis was performed. Previous studies have verified
the reproducibility of ROC curve analysis in determining
[23,24]
a biologically or clinically relevant cutoff score
.
The OS and PFS data were dichotomized according to
death due to PHCC or censored (lost to follow-up, alive
or death from other causes) for evaluation by the ROC
curve analysis. Based on the cut-off score, the patients
were categorized into the high CUL4A expression and
low CUL4A expression groups. Tumours labelled with
high CUL4A expression were those with scores equal
to or higher than the cut-off value, while low CUL4A
expression indicated those with scores below the cutoff value.

Definition of the cut-off score for high CUL4A expression
in PHCC

To better assess the expression of CUL4A in PHCC,
we employed ROC curve analysis to define an optimal
cut-off value for high CUL4A expression, based on the
results of IHC evaluation. The ROC curves for the OS
and PFS clearly illustrate the point on the curve closest
to (0.0, 1.0), which maximizes both the sensitivity and
specificity for the outcome (Figure 2A). Tumours with
scores equal to or higher than the obtained cut-off
value were considered to have high CUL4A expression,
resulting in the highest number of tumours that were
correctly classified as having or not having the positive
clinical outcome. As a result, the cut-off score of the
OS for high CUL4A expression is 3.30, and the cut-off
score of the PFS for high CUL4A expression is 3.90. To

Statistical analysis

Statistical analyses were performed using SPSS 19.0
software (SPSS, Inc., Chicago, IL, United States). Data
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(HR = 2.117, 95%CI: 1.086-4.125, P = 0.028) and
PFS (HR = 2.248, 95%CI: 1.240-4.446, P = 0.009)
(Table 2).Taken together, these results suggested that
CUL4A could serve as a potential predictive factor for
recurrence and poor survival in PHCC patients.

Table 1 Correlation between cullin 4A expression and
clinicopathologic parameters of perihilar cholangiocarcinoma
Parameter
Age (yr)
< 65
≥ 65
Gender
Male
Female
Tumour size (cm)
<3
≥3
Differentiation grade
Well + moderate
Poor + undifferentiated
T stage
T1 + T2
T3 + T4
N stage
N0
N1 + N2
M stage
M0
M1
TNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ

n

CUL4A IHC score

54
24

4.07 ± 2.46
3.99 ± 2.47

P value
0.902

Functional role of CUL4A in migration and invasion of
PHCC cells

0.606
45
33

3.92 ± 2.34
4.21 ± 2.62

To further investigate the functional role of CUL4A in
PHCC cell metastasis, a wound healing assay was first
performed. As shown in Figure 3A, CUL4A depletion
dramatically suppressed the migration of QBC939
cells. This result was also confirmed in a Transwell
assay (Figure 3B, up). Furthermore, the invasiveness
of QBC939 cells with CUL4A depletion was markedly
reduced in a Matrigel assay (Figure 3B, down). Con
sistently, CUL4A ectopic expression significantly
increased the migration and invasion of FRH0201 cells
(Figure 3C and D). Collectively, CUL4A could promote
the migration and invasion of PHCC cells.

0.330
36
42

3.75 ± 2.55
4.30 ± 2.36

66
12

3.56 ± 2.30
6.68 ± 1.24

63
15

3.62 ± 2.34
5.81 ± 2.12

64
14

3.35 ± 2.08
7.21 ± 1.13

76
2

4.04 ± 2.46
4.00 ± 2.83

54
24

3.14 ± 2.03
6.08 ± 2.07

< 0.001

0.001

< 0.001

0.980

CUL4A facilitates the invasion and metastasis of PHCC
through EMT induction

< 0.001

Mounting evidence has confirmed that the EMT
endows tumour cells with migratory and invasive
[20,25]
properties
. To explore whether CUL4A could
promote the EMT process, we evaluated EMT markers
in PHCC cells with CUL4A depletion and control cells.
CUL4A depletion in QBC939 cells and FRH0201 cells
enhanced the expression of E-cadherin, a hall mark of
the EMT, in Western blot assays, which is accompanied
by decreased expression of vimentin (Figure 4A).
Consistently, CUL4A overexpression in QBC939 cells and
FRH0201 cells dramatically increased the expression of
E-cadherin) and decreased that of vimentin) in Western
blot assays (Figure 4A). Moreover, the expression
of E-cadherin in PHCC tissues was also investigated
by IHC, which verified high E-cadherin expression in
tumour adjacent tissues relative to primary tumour
tissues (Figure 4B and C). In addition, an negative
correlation between CUL4A expression and E-cadherin
expression was observed in PHCC tissues in IHC assays
(Figure 4D). Together, these results indicated that
CUL4A could promote metastasis through, at least
partially, the induction of the EMT in PHCC.

IHC: Immunohistochemistry; CUL4A: Cullin 4A.

increase the sensitivity of the cut-off score, one was
defined as high CUL4A expression when the IHC score
was not lower than 3.30 (Figure 2C). According to the
obtained IHC score cutoff, the 78 PHCC patients were
classified into two groups, the high CUL4A group (n =
38) and low CUL4A group (n = 40).

CUL4A overexpression predicts poor prognosis in
PHCC

To evaluate the prognostic potential of CUL4A
expression in PHCC, Kaplan-Meier analysis was per
formed, which showed that high CUL4A expression
was associated with a poorer OS rate of PHCC patients
(P < 0.001; Figure 2D and E). Moreover, high CULA4
expression was correlated with a lower PFS in PHCC
patients (P < 0.001; Figure 3B). Univariate analysis
identified the following four prognostic factors for OS:
T stage (HR = 2.181, 95%CI: 1.129-4.213, P = 0.020),
N stage (HR = 3.120, 95%CI: 1.613-6.036, P <
0.001), TNM stage (HR = 3.001, 95%CI: 1.671-5.387,
P < 0.001) and CUL4A expression level (HR = 2.823,
95%CI: 1.577-5.053, P < 0.001); as well as three
prognostic factors for FPS: N stage (HR = 2.917,
95%CI: 1.515-5.619, P = 0.001), TNM stage (HR =
2.729, 95%CI: 1.538-4.842, P = 0.001) and CUL4A
expression level (HR = 2.964, 95%CI: 1.691-5.196,
P < 0.001). Other clinicopathological features, such
as gender and age, were not statistically significant
prognostic factors (Table 2). Furthermore, multivariate
analysis identified a high CUL4A expression level
as the only independent prognostic factor for OS
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CUL4A activates the EMT via ZEB1

Various transcriptional factors are involved in regulating
[20]
the EMT process . A previous study revealed that
ZEB1 is the transcriptional factor in the CUL4A-regulated
[26]
EMT in breast cancer . The present study further
investigated the functional role of ZEB1 in the CUL4A
related-EMT in PHCC. To investigate the role of ZEB1 in
the CUL4A-related EMT and metastasis, we analysed the
phenotypic changes in CUL4A overexpressing FRH0201
cells with ZEB1 knockdown. First, ZEB1 expression was
analysed by IHC assay, which revealed that ZEB1 was
overexpressed in primary tumour tissues compared
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Figure 1 Cullin 4A is overexpressed in perihilar cholangiocarcinoma. A: Expression of CUL4A protein was detected in normal biliary epithelial cells (HIBEpic)
and PHCC cell lines by Western blot assays; B: Expression of CUL4A mRNA was detected in normal biliary epithelial cells (HIBEpiC) and PHCC cell lines by qRTPCR assay; C: Representative images of CUL4A IHC staining in PHCC tumour tissues and normal adjacent tissues. Corresponding semiquantification of CUL4A
expression is shown. Numbers in (B) indicate the fold changes of band densities based on at least three independent experiments. bP < 0.01 based on the Student’s
t-test. Data are represented as mean ± SD. CUL4A: Cullin 4A; PHCC: Perihilar cholangiocarcinoma.

Table 2 Multivariate analysis of clinicopathologic features for overall survival and progression-free survival of perihilar
cholangiocarcinoma patients
Parameter

Overall survival

Univariate analysis
Age: ≥ 65 yr vs < 65 yr
Gender: male vs female
Differentiation: well + moderate vs
poor + undifferentiated
Tumour size: ≥ 3 cm vs < 3 cm
T stage: (T3 + T4) vs (T1 + T2)
N stage: N1 + N2 vs N0
M stage: M1 vs M0
TNM stage: (Ⅲ + Ⅳ) vs (Ⅰ + Ⅱ)
CUL4A: high vs low
Multivariate analysis
T stage: (T3 + T4) vs (T1 + T2)
N stage: N1 + N2 vs N0
TNM stage: (Ⅲ + Ⅳ) vs (Ⅰ + Ⅱ)
CUL4A: high vs low

95%CI

P value

HR

95%CI

P value

1.218
1.003
0.432

0.676-2.193
0.569-1.767
0.171-1.092

0.512
0.993
0.076

1.097
0.931
0.461

0.616-1.954
0.538-1.610
0.196-1.083

0.753
0.798
0.075

1.049
2.181
3.120
4.761
3.001
2.823

0.598-1.839
1.129-4.213
1.613-6.036
0.54-38.170
1.671-5.387
1.577-5.053

0.869
0.020
0.001
0.142
< 0.001
< 0.001

1.008
1.871
2.917
2.766
2.729
2.964

0.586-1.733
0.977-3.583
1.515-5.619
0.363-21.092
1.538-4.842
1.691-5.196

0.977
0.059
0.001
0.326
0.001
< 0.001

0.811
0.969
2.483
2.117

0.271-2.424
0.305-3.081
0.632-9.752
1.086-4.125

0.708
0.957
0.193
0.028

1.106
1.699
2.248

0.428-2.857
0.735-3.928
1.240-4.446

0.836
0.215
0.009

with tumour adjacent tissues (Figure 5A). Furthermore,
the positive correlation between ZEB1 expression
and CUL4A expression was confirmed (Figure 5B).
Additionally, it was verified that ZEB1 expression was
negatively correlated with E-cadherin expression (Figure
5C). In in vitro assays, ZEB1 deficiency obviously
reversed the decreased expression of E-cadherin and
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Progression-free survival

HR

increased the expression of vimentin induced by CUL4A
overexpression (Figure 5D). Furthermore, the increased
migratory and invasive capacities induced by CUL4A
overexpression were also inhibited by ZEB1 knockdown
in the FRH0201 cell line (Figure 5E and F). Thus, these
findings suggest that ZEB1 mediates the CUL4Ainduced EMT, migration and invasion in PHCC.
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Figure 2 Cullin 4A correlates with a poor prognosis in perihilar cholangiocarcinoma. A and B: The cut-off points of CUL4A expression for the overall survival
(A) and progression-free survival (B) were analysed by the ROC curve analysis; C: Representative images of low and high CUL4A expression; D and E: Kaplan-Meier
analysis and the log-rank test were adopted to investigate the overall survival (D) and progression-free survival (E) differences between the low and high CUL4A
expression groups. P < 0.01 in D and E based on the log-rank test. CUL4A: Cullin 4A; PHCC: Perihilar cholangiocarcinoma.
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Figure 3 Cullin 4A promotes the migration and invasion of perihilar cholangiocarcinoma cell lines. QBC939-shCUL4A and FRH0201-CUL4A cells or
control cells were subjected to wound healing (A and C), Transwell migration (B and D, top), and Matrigel invasion (B and D, bottom) assays. A: Quantification was
performed by measuring the uncovered areas compared with the controls; B: Quantification of migrated cells through the membrane and invaded cells through the
Matrigel of each cell line is shown as proportions to their controls; C: Quantification was carried out by measuring the uncovered areas compared with the controls; D:
Quantification of migrated cells through the membrane and invaded cells through Matrigel for each cell line is shown as proportions to their controls. bP < 0.01 based
on the Student’s t-test. All results are from at least three independent experiments. Data are represented as mean ± SD. CUL4A: Cullin 4A.
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Figure 4 Cullin 4A induces the epithelial to mesenchymal transition in perihilar cholangiocarcinoma. A: Expression levels of an epithelial marker (E-cadherin)
and mesenchymal marker (vimentin) were analyzed by Western blot; B: Representative IHC images of E-cadherin expression in PHCC tissues and adjacent normal
tissues; C: Statistical analysis of the semiquantification of E-cadherin expression in PHCC tissues and adjacent normal tissues; D: Linear regression analyses of IHC
scores between CUL4A and E-cadherin expression in PHCC. bP < 0.01 based on the Student’s t-test. CUL4A: Cullin 4A; PHCC: Perihilar cholangiocarcinoma.

addition to the function of CUL4A-DDB1 ligases in
[28]
ubiquitinating several important proteins , many
studies have revealed its role in tumour development
and progression. In the current study, we delineated,
for the first time, that the CUL4A gene is amplified
and overexpressed in PHCC cell lines and tissues.
The association study of CUL4A and clinicopathologic

DISCUSSION
CUL4, one of three founding cullins conserved from
yeast to humans, uses a large β-propeller protein,
DDB1, as a linker to interact with a subset of WD40
proteins that serve as substrate receptors, forming
[27]
as many as 90 E3 complexes in mammals . In
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Figure 5 ZEB1 mediates the metastasis regulated by cullin 4A in perihilar cholangiocarcinoma. A: Representative IHC images of ZEB1 expression in PHCC
tissues and adjacent normal tissues. Corresponding semiquantification of ZEB1 expression is shown; B: Linear regression analyses of IHC scores between CUL4A
and E-cadherin expression in PHCC; C: Linear regression analyses of IHC scores between CUL4A and ZEB1 expression in PHCC; D: Western blot assay was
performed to investigate the E-cadherin and vimentin expression after ZEB1 interference in CUL4A overexpressing FRH0201 cells; E and F: The Transwell and
Migration assays were performed to analyse the migration and invasion ability changes in CUL4A overexpressing FRH0201 cells with ZEB1 depletion. bP < 0.01
based on the Student’s t-test. All results are from at least three independent experiments. Data are represented as mean ± SD. CUL4A: Cullin 4A; PHCC: Perihilar
cholangiocarcinoma.

characteristics revealed that CUL4A expression was
significantly correlated with tumour differentiation and
the T, N and TNM stages of PHCC. Furthermore, an
essential finding of this study was that PHCC patients
with high CUL4A expression had a worse prognosis
than those with low CUL4A expression. Multivariable
Cox’s regression analysis indicated that CUL4A was
the only independent prognostic factor for OS and
PFS. Functional analysis with CUL4A suppression in
PHCC cell lines showed a marked reduction in cell
invasion and migration. In agreement with this, ectopic
expression of CUL4A in FRH0201 cells promoted
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cell migratory and invasive abilities. Therefore, our
results indicated that CUL4A may serve as a potential
prognostic marker for PHCC and an important
oncogene in PHCC metastasis.
Accumulating evidence has indicated that the
EMT mediates tumour progression including local
invasion, dissemination from the primary tumour,
intravasation into blood circulation, and metastasis.
The EMT is a complex process requiring extensive
changes in cell adhesion and morphology as well as
activation of signaling pathways. These considerations
indicate that EMT induction is likely to be a centrally
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important mechanism for the progression of car
cinomas to a metastatic stage and the maintenance
[29]
of malignancy . EMT inhibition may be a potential
strategy for cancer treatment. In the present study,
CUL4A depletion caused rapid regression of EMT
features, which is characterized by decreased cell
motility and invasive phenotypes. Conversely, gain of
CUL4A promoted a global acquisition of mesenchymal
characteristics and accelerated metastatic progre
ssion. In addition, loss of E-cadherin is considered
[20]
a fundamental event in the EMT . E-cadherin is
expressed in epithelial cells, and its expression is
decreased during the EMT in embryonic development,
[30]
tissue fibrosis, and cancer . In this report, loss of
E-cadherin was accompanied by CUL4A overexpression
in PHCC cells and specimens, indicating that CUL4A
may represent an upstream molecule that can induce
the EMT. Vimentin is another commonly used EMTassociated marker that has been clarified in tumour
[21]
samples to evaluate mesenchymal specific features .
In the present study, Western blot assay discovered
that the expression of vimentin was up-regulated in
CUL4A overexpressing cells, however, the expression
of vimentin was decreased in cells with CUL4A
knockdown. These results suggested that CUL4A could
promote EMT in PHCC.
Among the transcriptional factors regulating EMT,
ZEB1 is an essential E-cadherin repressor which can
directly bind to and repress the activity of E-cadherin
[20]
promoter . A previous study revealed that CUL4A
could promote ZEB1 transcription by modulating
histone H3K4me3 at the promoter of ZEB1 in breast
[26]
cancer . Mechanistically, this report also showed
that CUL4A could regulate EMT via ZEB1 in PHCC cell
lines and tissues. Furthermore, ZEB1 interference
dramatically reduced the metastasis and EMT caused by
CUL4A overexpression in FRH0201 cells. Interestingly,
previous studies revealed that depletion of ZEB1, either
chemically or by RNAi, resulted in a partial epithelial
metaplasia and drug sensitivity in mesenchymal-like
[31,32]
cells
. Considering the positive correlation between
CUL4A and ZEB1 in PHCC that was demonstrated
in this study, inhibition of CUL4A may be a potential
therapeutic strategy for PHCC that can increase the
chemotherapy sensitivity and effectiveness through
downregulating the expression of ZEB1, especially for
patients with CUL4A overexpression.
In conclusion, the present study indicates that
CUL4A is overexpressed in PHCC tumour tissues than
in normal intrahepatic bile ducts, and it is obviously
correlated with the poor prognosis of PHCC patients.
Moreover, CUL4A plays a critical role in PHCC metastasis
by facilitating PHCC cell motility and cell invasion as well
as consequent induction of EMT via, at least partially,
up-regulating transcriptional regulation factor ZEB1.
CUL4A may serve as a valuable prognostic biomarker
and a potential therapeutic target for PHCC.
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Background

During the past 2-3 decades, the incidence and mortality rates of perihilar
cholangiocarcinoma (PHCC), accounting for 50% of cholangiocarcinoma cases,
have been steadily increasing. The vast majority of patients diagnosed with
PHCC are usually presented with an advanced disease that develops without
an identifiable etiology. Curative surgical resection, the only effective treatment
to achieve possible cure in PHCC, can be achieved in less than 19%-75% of
patients. What is worse, currently available chemotherapy and radiotherapy
regimens are usually unresponsive to advanced PHCC. Left untreated, survival
is only 6 to 12 mo.

Research frontiers

Cullin 4A (CUL4A), a core subunit of E3 ubiquitin ligase, has been suggested to
play an essential role in cellular transformation, however, its role in PHCC has
not been identified.

Innovations and breakthroughs

The present study indicates that CUL4A is overexpressed in PHCC tumour
tissues than in normal intrahepatic bile ducts and is obviously correlated with
a poor prognosis of PHCC patients. Moreover, CUL4A plays a critical role in
PHCC metastasis by facilitating PHCC cell motility and cell invasion as well
as consequent induction of epithelial to mesenchymal transition (EMT) via upregulating transcriptional regulation factor ZEB1.

Applications

CUL4A may serve as a potential prognostic marker for evaluating the overall
survival and progression-free survival of patients with PHCC. Besides, CUL4A
may also be a therapeutic target for PHCC.

Terminology

EMT is a cellular process during which epithelial cells lose their polarity and cellcell adhesion, undergo changes in cell shape and in cytoskeletal organization
and acquire mesenchymal characteristics. It has been confirmed that EMT is
closely involved in increasing cell migratory and invasive properties, inducing
stem cell properties, preventing apoptosis and senescence, and resisting to
chemotherapy and immunotherapy.

Peer-review

The authors have put together an excellent paper that is a mix of solid basic
science with a clinical correlation.
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Abstract
AIM
To explore the exact interaction between Notch and
transforming growth factor (TGF)-β signaling in liver
fibrosis.
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METHODS
We established a rat model of liver fibrosis induced by
concanavalin A. Peripheral blood mononuclear cells
(PBMCs) were isolated from the modeled rats, and
cultured with γ-secretase inhibitor DAPT and TGF-β
inhibitor for 24 h. The mRNA levels of Notch and TGF-β
signaling were detected by quantitative real-time poly
merase chain reaction. Expression of Notch and TGF-β
proteins was analyzed by western blotting.
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RESULTS
Compared to control rats, Notch and TGF-β signaling
was activated in PBMCs of model rats. Administration
of DAPT and TGF-β inhibitor suppressed Notch and
TGF-β signal transducer in PBMCs of model rats.
DAPT reduced mRNA and protein expression of TGF-β
signaling, such as TGF-β1 and Smad3. TGF-β inhibitor
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animals. There are four Notch receptors (1-4) and
five Notch ligands (delta-like 1, 3 and 4, and Jagged 1
[7]
and 2) in mammals . After ligand binding, the Notch
receptors experience a series of cleavages catalyzed
by the γ-secretase combination, leading to the release
of the Notch intracellular domain (NICD), which can
[8]
be blocked by the γ-secretase inhibitor . The NICD
then enters into the nucleus, where it directly induces
transcription of its target genes, such as Hes1 and
Hes5. Ligand-induced Notch signaling directs a key
role in organ formation through its effects on cellular
[9]
differentiation, proliferation, survival and apoptosis .
Recent studies have demonstrated that Notch signaling
is also involved in various types of tissue fibroses,
including idiopathic pulmonary fibrosis, kidney fibrosis,
[5,10,11]
and cardiac fibrosis
. However, the exact cellular
mechanisms are not completely clear.
In this study, we researched the role of Notch
signaling in liver fibrosis development and whether
inhibition of Notch activation by γ-secretase inhibitor
(DAPT) could suppress the TGF-β/Smad signaling
pathway in a rat model of concanavalin (Con)A-induced
liver fibrosis. We found that Notch signaling is involved
in liver fibrosis via activation of the TGF-β/Smad
pathway. Administration of DAPT markedly attenuated
the TGF-β/Smad signaling pathway in ConA-induced
liver fibrosis in rats.

also downregulated Notch1, Hes1 and Hes5, and mRNA
and protein expression of the Notch signaling pathway.
CONCLUSION
Notch and TGF-β signaling play a role in liver fibrosis.
TGF-β signaling upregulates Notch signaling, which
promotes TGF-β signaling.
Key words: Notch; Peripheral blood mononuclear cells;
Concanavalin A; Transforming growth factor-β; Liver
fibrosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Notch and transforming growth factor
(TGF)-β activation plays an important role in liver
fibrosis induced by concanavalin A. It has been
shown that TGF-β facilitates liver fibrosis. However,
the mechanism of action of Notch in liver fibrosis is
not fully understood. In this study, we found that
excessive activation of TGF-β regulated Notch in liver
fibrosis in rats, and that inhibition of TGF-β signaling
blocked Notch signaling and vice versa . This may be
a complementary mechanism of liver fibrosis, which
provides a potential immunotherapeutic strategy.
Wang Y, Shen RW, Han B, Li Z, Xiong L, Zhang FY, Cong
BB, Zhang B. Notch signaling mediated by TGF-β/Smad
pathway in concanavalin A-induced liver fibrosis in rats. World
J Gastroenterol 2017; 23(13): 2330-2336 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i13/2330.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i13.2330

MATERIALS AND METHODS
Animals

Male Wistar rats (weighing 210-230 g) were supplied
by the Experimental Animal and Animal Experiment
Center of Qingdao, Shandong, China. They were
housed in the animal facility in a 12-h light-dark cycle,
and the temperature was maintained at 22-23 ℃ and
relative humidity at 60%. The animals were randomly
distributed into two groups: normal group (n = 12),
which received a weekly intravenous injection of 300
μL phosphate-buffered saline (PBS) for 8 wk, and
the model group (n = 36), which received a weekly
intravenous injection of ConA (17.5 mg/kg, in 300 μL
[12,13]
PBS) for 8 wk
. During all experiments, rats were
maintained in individually ventilated cages under specific
pathogen-free conditions. At 8 wk later, we collected
blood via cardiac puncture. Rats were handled and
treated in accordance with the strict guiding principles of
the National Institutes of Health for Experimental Care
and Use of Animals and approved by the Institutional
Animal Care and Use Committee of Qingdao University
Medical College, Qingdao, China.

INTRODUCTION
Liver fibrosis occurs as a result of chronic liver disease
and is associated with severe morbidity and mortality. It
is a reversible wound-healing response characterized by
the accumulation of extracellular matrix (ECM) in liver
[1]
injury . In the mechanisms of liver fibrosis, activation
of resident hepatic stellate cells (HSCs) after liver injury
[2]
remains a dominant theme . The quiescent HSCs can
be induced by transforming growth factor (TGF)-β1
to transdifferentiate into myofibroblasts that secrete
[3]
ECM . Accumulating evidence indicates that multiple
signaling pathways, such as the Notch and TGF-β
pathways, are involved in epithelial-to-mesenchymal
transition and fibroblast activation, resulting in the
[4,5]
development of renal fibrosis . Inhibition of Notch
signaling can ameliorate renal fibrosis through inhibition
[6]
of Notch-mediated TGF-β signaling activation .
However, whether similar regulation occurs in liver
fibrosis, and what happens between the two signaling
pathways during the recovery stage of liver fibrosis,
needs further clarification.
Notch signaling is highly conserved among many

WJG|www.wjgnet.com

Cell culture and treatment

Peripheral blood mononuclear cells (PBMCs) were
isolated from model rats by Ficoll-Hypaque density
gradient centrifugation (TBD Science, Tianjin, China).
The cells were washed three times with sterile PBS,
6
suspended in a concentration of 2 × 10 cells/mL
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Table 1 Sequences of primers for quantitative real-time reverse transcription polymerase chain reaction
Gene
Notch1
Notch2
Notch3
Notch4
Jagged1
Hes1
Hes5
TGF-β 1
Smad2
Smad3
β -actin

Forward

Reverse

5’-TCGTGCTCCTGTTCTTTGTG-3’
5’-TGATGAGCAGGAACAGGAGA-3’
5’-ATACCCACTACGGGATGTGC-3’
5’-GGATGAATGTCGGAGTGACC-3’
5’-CAGTGGCTTGGGTCTGTTG-3’
5’-GTGGGTCCTAACGCAGTGTC-3’
5’-ATGCTCAGTCCCAAGGAGAA-3’
5’-ATTCCTGGCGTTACCTTGG-3’
5’-CGGCTGAACTGTCTCCTACC-3’
5’-GGTAAAGGATTGCCACCAAA-3’
5’-CACCCGCGAGTACAACCTTC-3’

5’-TTCTCTCCGCTTCTTCTTGC-3’
5’-ATGAGAAGCCAGGAGAGCAG-3’
5’-AGGACGAAGATGACCAGCAG-3’
5’-GGCTACACAAGGGAACCTCA-3’
5’-CATTGTTGGTGGTGTTGTCC-3’
5’-GTCAGAAGAGAGAGGTGGGCTA-3’
5’-CTCCAGCAGCAGTTTCAGC-3’
5’-AGCCCTGTATTCCGTTCTCT-3’
5’-AGGTCTCTCCAACCCTCTGG-3’
5’-GAACAGCCAGGAAAGGGACT-3’
5’-CCCATACCCACCATCACACC-3’

Western blot analysis

in RPMI 1640 (HyClone, Logan, UT, United States)
supplemented with 10% heat-inactivated fetal calf
serum and 1% penicillin-streptomycin (HyClone), and
cultured at 37 °C in a CO2 incubator. These cells were
treated with 0.25 μmol/L DAPT (HY-13027; MedChem
Express, Monmouth Junction, NJ, United States) and
0.25 mmol/L TGF-β inhibitor (LY-364947; MedChem
Express), with 0.1% dimethyl sulfoxide (DMSO)
(Sigma, St. Louis, MO, United States) as a control. After
treatment for 24 h, all cells were collected for total RNA
and protein extraction.

Western blot analysis was performed using standard
procedures with enhanced chemiluminescence using
an ECL reagent and visualized by Imager (UVP 810;
Biospectrum Upland, CA, United States). PBMCs were
homogenized in RIPA lysis buffer (Thermo Scientific,
Grand Island, NY, United States), and extracts were
centrifuged for 10 min at 14000 × g at 4 ℃. Total
protein samples were analyzed by 10% SDS-PAGE and
transferred to polyvinylidene difluoride membranes by
a wet blotting procedure (100 V, 2 h, 4 ℃). Blocking
buffer (5%) incubation was followed by incubation
with primary antibodies at 4 ℃ overnight using the
following concentrations: Notch1 (1:1000, Cat. No.
4380; Cell Signaling Technology, Danvers, MA, United
States); Hes1 (1:1000, Cat. No. ab108937; Abcam,
Cambridge, MA, United States); Hes5 (1:1000, Cat. No.
ab194111; Abcam); TGF-β (1:1000, Cat. No. 3711;
Cell Signaling Technology); Smad3 (1:1000, Cat. No.
ab40854; Abcam); and β-actin (1:5000, Cat. No. TA-09;
Zhongshan Jinqiao Biotechnology, Beijing, China), which
acted as the internal control for normalization of protein
expression. The quantification of densitometry, which
was calculated by a multimedia color image analysis
system (Image-Pro Plus 6.0), was measured as a
relative objective index.

Liver histopathological observation

After rats were killed, their blood vessels were perfused
with PBS, followed by 4% paraformaldehyde. The livers
were removed and fixed in 4% paraformaldehyde
overnight and embedded in paraffin. Sections (4 μm)
were cut, deparaffinized and stained with hematoxylin
and eosin. Slides were evaluated using light microscopy
by a pathologist on a blinded basis. Representative
sections were presented.

Liver function

The serum levels of alanine aminotransferase, aspartate
aminotransferase and albumin were measured with
a biochemical autoanalyzer (P800; Roche, Basel,
Switzerland).

Statistical analysis

Quantitative reverse transcription polymerase chain
reaction

Quantitative data are expressed as mean ± SD.
Statistical comparisons among multiple groups were
performed by Tukey’s post hoc test and one-way
ANOVA. Student’s t-test was used to compare the
difference between two groups. P ≤ 0.05 was con
sidered significant.

Total RNA was purified from cultured cells using the
TRIzol Reagent (Takara, Otsu, Japan). Total RNA was
reverse transcribed using the PrimeScript RT Reagent
Kit (Takara, Otsu, Japan). Quantitative reverse trans
cription polymerase chain reaction (qRT-PCR) was
performed by mixing cDNA and gene-specific primers
with iQ SYBR Green Supermix (Bio-Rad, Hercules,
CA, United States), and reactions were carried out
in an iCycler Thermal Cycler (Bio-Rad). Results were
normalized to rat β-actin based on the threshold cycle
−ΔΔCt
(Ct) and relative fold-change calculated by the 2
method. The primer sequences for mouse Notch 1-4,
Jagged1, Hes1, Hes5, TGF-β1, Smad2 and Smad3 are
described in Table 1.

WJG|www.wjgnet.com

RESULTS
Notch signaling and TGF-β signaling are activated in
liver fibrosis

To determine whether the Notch signaling and TGF-β
signaling pathways were involved in liver fibrosis, we
tested the expression of Notch- and TGF-β-related
genes in liver fibrosis in rats. At 8 wk after intravenous
injection of ConA, hematoxylin-eosin staining and
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Figure 1 Notch signaling and transforming growth factor-β signaling pathways were activated in liver fibrosis rats. A: Representative hematoxylin-eosin
staining in the livers from normal or model group rats (× 200); B: qRT-PCR analyzed mRNA expression of Notch- and TGF-β-related genes in the peripheral blood
mononuclear cells (PBMCs, 2 × 106) from model rats and control group; C and D: Protein expression and quantification of Notch1, Hes1, Hes5, TGF-β and Smad3
were measured by western blot analysis of PBMCs (2 × 106) from model rats and control group. aP < 0.05, eP < 0.001 vs normal group, n = 12 per group. TGF-β:
Transforming growth factor-β.
[14]

ment of liver fibrosis , we tested whether DAPT
affected this pathway in PBMCs of liver fibrosis rats.
TGF-β1 and Smad3 expression was significantly
downregulated in the PBMCs of liver fibrosis rats
treated with DAPT, compared with the DMSO groups
(Figure 2). The levels of Notch1, Hes1 and Hes5
genes were significantly attenuated in the DAPTtreated group at the same time. Protein was extracted
from the PBMCs of DAPT- or DMSO-treated rats for
western blotting. We observed a significant reduction
in the expression of TGF-β1 and Smad3 protein, and a
decrease in Notch1, Hes1 and Hes5 protein (Figure 2B
and C). These changes indicated that inhibiting Notch
signaling suppresses the activation of TGF-β signaling
in PBMCs of liver fibrosis model rats.

Table 2 Levels of serum biochemical markers in rats
Group

ALT (U/L)

AST (U/L)

Albumin (g/L)

Control
Model

47.32 ± 5.21
75.13 ± 9.68a

167.68 ± 14.31
252.06 ± 22.83a

34.23 ± 2.62
25.60 ± 1.90a

Data are presented as mean ± SD. aP < 0.05 vs control, n = 12 per group.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

liver function tests demonstrated modeling success
compared with normal rats (Figure 1A and Table
2). qRT-PCR analysis revealed that the mRNA levels
of Notch1, Hes1, Hes5, TGF-β1 and Smad3 were
significantly increased in PBMCs of model rats as
compared with controls. Notch2, Notch3, Jagged1 and
Smad2 were detectable, but in contrast to Notch1,
their levels did not differ between models and controls.
a
e
Notch4 and HeyL were not detectable ( P < 0.05, P <
0.001; Figure 1B). Through western blot analysis, we
observed that the protein levels of Notch 1, Hes1, Hes5,
e
TGF-β1 and Smad3 were increased after liver fibrosis ( P
< 0.001; Figure 1C and D). These results suggest that
Notch and TGF-β signaling is activated in liver fibrosis in
rats.

TGF-β inhibitor blocks the Notch and TGF-β signaling
pathways in vitro

To further examine possible crosstalk between the
Notch and TGF-β signaling pathways, the PBMCs from
liver fibrosis rats were treated with TGF-β inhibitor.
TGF-β inhibitor caused suppression of Notch1, Hes1,
Hes5, TGF-β and Smad3 genes (Figure 3A), demon
strating that canonical TGF-β signaling pathway activity
promotes the expression of Notch signaling pathway
genes. Protein expression of Notch1, Hes1, Hes5,
TGF-β and Smad3 in PBMCs cultured for 24 h with
TGF-β inhibitor or DMSO was detected by western blot

DAPT inhibits the Notch and TGF-β signaling pathway
in vitro

Because TGF-β signaling was involved in the develop
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Figure 2 Notch γ-secretase inhibitor attenuates notch and transforming growth factor-β signaling pathways in peripheral blood mononuclear cells of
liver fibrosis rats. A: mRNA expression for TGF-β1 Smad3 and Notch1, and Notch target genes Hes1 and Hes5 in peripheral blood mononuclear cells (PBMCs) (2
× 106) from rats treated with DAPT or DMSO for 24 h, as detected by qRT-PCR; B and C: Western blot analysis of protein expression of Notch1, Hes1, Hes5, TGF-β
and Smad3 and quantification in PBMCs (2 × 106) from rats treated with DAPT or DMSO for 24 h. aP < 0.05, cP < 0.01, eP < 0.001 vs DMSO group, n = 12 per group.
TGF-β: Transforming growth factor-β.
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Figure 3 Transforming growth factor-β inhibitor blocks Notch and transforming growth factor-β signaling pathways in peripheral blood mononuclear
cells of liver fibrosis rats. A: qRT-PCR analyzed mRNA expression of TGF-β1 Smad3 and Notch1, and Notch target genes Hes1 and Hes5 in peripheral blood
mononuclear cells (PBMCs) (2 × 106) from rats treated with DAPT or DMSO for 24 h; B and C: Western blot analysis of Notch1, Hes1, Hes5, TGF-β and Smad3
and quantification in PBMCs (2 × 106) from rats treated with DAPT or DMSO for 24 h. aP < 0.05, cP < 0.01, eP < 0.001 vs DMSO group, n = 12 per group. TGF-β:
Transforming growth factor-β.
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analysis (Figure 3B and C). These results showed that
treatment with TGF-β inhibitor effectively blocked the
Notch signaling pathway in PBMCs from liver fibrosis
rats.

shown that Notch3 and Hes1 are critically involved in
[24]
CCl4-induced liver fibrosis in rats . Hes1 and Hes5,
as the targets of Notch affect chondrogenesis and
chondrocyte hypertrophy in cartilage maintenance
[25,26]
and osteoarthritis
. In our study, we found that
Notch1 was markedly increased in PBMCs during liver
fibrogenesis. This may reveal the distinctive fibrotic
mechanism that exists between liver and peripheral
tissues. Studies analyzing the therapeutic potential of
inhibitors of the γ-secretase complex that is required
for release of the active NICD support this method as
[27]
effective for targeting Notch . It should be noted that
our study examined only the interaction between the
Notch and TGF-β signaling pathways in vitro, and we
now need to explore the interaction in vivo in model
rats and patients with liver fibrosis.
In summary, we have demonstrated that the Notch
pathway is activated in liver fibrosis rats and that
inhibition of Notch and TGF-β signaling reduces the
mRNA and protein expression in immune-induced rat
liver fibrosis. Thus, we conclude that Notch signaling
exerts fibrogenesis mediated by the TGF-β/Smad
signaling pathway, although additional research is
needed to clarify the nuances of this process.

DISCUSSION
We showed that there is an interaction between the
Notch and TGF-β signaling pathways in ConA-induced
liver fibrosis rats. We also showed that Notch signaling
and TGF-β signaling are activated in liver fibrosis rats,
with prominent expression of the Notch1 receptor,
TGF-β1 accumulation and increased transcription of
target genes such as Hes1, Hes5 and Smad3 in PBMCs
of model rats. Furthermore, we found that treatment
with the γ-secretase inhibitor DAPT significantly
inhibited Notch and TGF-β signaling in PBMCs of liver
fibrosis rats, similar to the TGF-β inhibitor.
In the earliest stages, all forms of fibrosis are
inflammatory-immunological reactions, and elements
of both the innate and adaptive immune systems
[15]
are involved in subsequent profibrotic processes .
Growing evidence shows that Notch signaling plays
a crucial role in the pathogenesis of multiple infla
[16,17]
mmatory diseases
. Our findings of increased
activation of Notch signaling are consistent with ConAinduced liver fibrosis. We have previously shown an
imbalance between T helper 17 and T regulatory cells
in liver fibrosis model rats. In addition, TGF-β plays an
important part in both normal and diseased conditions
[14]
in the liver and other organs . The direct targets in
the TGF-β1 pathway, Smads (Smad2, and especially
[18]
Smad3), are critical mediators of fibrogenesis . In
a recent study, TGF-β was shown to induce transport,
Golgi organization and unfolded protein response,
thereby facilitating fibrogenesis in murine hepatic
[19]
fibrosis . Furthermore, the Notch and TGF-β signaling
pathways cooperatively regulate forkhead box P3
expression and regulatory T cell maintenance in
vitro and in vivo, and integration of the TGF-β and
Notch1 pathways may be an important mechanism
for the maintenance of immune homeostasis in the
[20,21]
periphery
. Our study also showed that TGF-β
signaling was markedly increased in PBMCs of liver
fibrosis rats. However, the cellular and molecular
mechanisms by which Notch and TGF-β activation
facilitates liver fibrosis have not been previously
explored. Our study demonstrated that Notch signaling
is mediated by the TGF-β/Smad signaling in liver
fibrosis.
Evidence for the important role of Notch signaling
is growing, such as the crosstalk between Notch and
Hedgehog in liver injury, as well as the Notch inhibitor
restriction of the TGF-β/Smad2/3 signaling pathway
[6,22]
in kidney fibrosis
and even TGF-b/Smad crosstalk
[23]
with Notch in many diseases . However, the relation
between Notch and TGF-β signaling pathway in liver
fibrosis remains unclear. Previously, it has been
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Abstract
AIM
To determine the potential roles of CD4 and microRNA
(miR)-145 in gastric cancer.

Institutional review board statement: This study was
reviewed and approved by The Second Affiliated Hospital
of Fujian Medical University Institutional Review Board,
Quanzhou, China.

METHODS
The levels of CD44 and miR-145 were determined in
gastric cancer cells. Quantitative real-time polymerase
chain reaction was used to measure to the level of
CD44 mRNA. A luciferase reporter assay and western
blotting were performed to examine the effect of
miR-145 on CD44 expression. Tumor sphere and MTT
assays were carried out to evaluate the self-renewal
and chemo-resistance properties of gastric cancer cells.
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RESULTS
The expression of CD44 was greatly increased and
miR-145 was decreased in gastric cancer cells that
were highly enriched in cancer stem cells (CSCs). The
results demonstrated that miR-145 regulated CD44
by targeting directly the CD44 3’-untranslated region
(3’-UTR). In gastric cancer cells, overexpression of
miR-145 repressed the activity of the CD44 3’-UTR,
and disruption of miR-145/CD44 3’-UTR interactions
abrogated the silencing effects. In addition, miR-145
inhibition stimulated CD44 3’-UTR activity and disruption
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pates in a wide variety of cellular functions, including
lymphocyte activation, recirculation and homing,
[8]
hematopoiesis, and tumor metastasis . The protein
is not only involved in cell-cell adhesion, cell-matrix
interactions, and tumor survival, but also has been
accepted as a CSC marker for gastric cancer in many
[9]
studies . CD44 expression is upregulated in advanced
[10]
gastric lesions . Depletion of CD44 inhibited the
stem cell-like properties, which was accompanied by
[10]
the downregulation of Oct4 . Conversely, CD44+
gastric cancer cells showed the stem cell properties
of self-renewal and the ability to form differentiated
[11,12]
progeny
. CD44 is highly polymorphic, possesses a
number of alternative splice variants, and undergoes
[13]
extensive post-translational modifications .
MicroRNAs (miRNA) are noncoding small RNAs that
function as a crucial post-transcriptional regulatory
mechanism for various cellular functions. Emerging
data indicate that miRNAs play pivotal roles in
regulating most biological processes in both normal
development and in various diseases, including
[14]
cancer . They act as cancer signatures, oncogenes,
or tumor suppressors by targeting their downstream
targets. MiRNAs are also involved in many aspects
[15]
of gastric cancer progression . Multiple miRNAs
have been implicated in the pathogenesis of gastric
[16]
cancer. For example, Petrocca et al
demonstrated
that the miR-106b-25 cluster is involved in E2F1 posttranscription in the development of TGFβ resistance
[17]
gastric cancer positively. In addition, Li et al reported
that miR-25 regulates gastric cancer cell migration,
invasion, and proliferation positively by targeting
transducer of epidermal growth factor receptor 2, 1
(EGFR2, 1) directly. Furthermore, miR-20a and miR-17
were shown to be upregulated in gastric cancer
[18]
tissues . miR-21-5p was also identified a useful
[19]
predictor of recurrence in early gastric cancer .
miR-145, a tumor-suppressive miRNA, is
associated with tumor growth and metastasis in
[20]
several types of cancer. Recently, Chen et al showed
that miR-145 regulates cell migration and invasion
in gastric cancer primarily by targeting fascin actinbundling protein 1 (FSCN1) directly. Furthermore,
miR-145 regulates embryonic stem cell differentiation
and tunes the expressions of multiple stemness genes
[21]
simultaneously, including KLF4, Oct4, and Sox2 .
However, the potential mechanism of miR-145 in
gastric CSC properties and chemo-resistance is
unclear. In the current study, we found that miR-145 is
decreased, while the expression of CD44 is markedly
increased, in gastric cancer cells with stemness pro
perties. As a target, CD44 is regulated directly by
miR-145. Overexpression of miR-145 in gastric cancer
greatly inhibited gastric cancer cell stemness properties
and chemo-resistance. We also found that the tumor
suppressive and chemo-resistance lowering effects
of miR-145 in gastric cancer cells were significantly
reversed by overexpression of CD44. These findings
demonstrated, for the first time, that miR-145 inhibits

of miR-145/CD44 3’-UTR interactions abrogated
this stimulatory effect. Enforced CD44 expression
greatly increased tumor sphere formation and chemoresistance in gastric cancer cells. Furthermore, the
inhibition of CSCs and the chemo-sensitivity of gastric
cancer cells treated with miR-145 were significantly
abrogated by overexpression of CD44.
CONCLUSION
miR-145 targeting of CD44 plays critical roles in the
regulation of tumor growth and chemo-resistance in
gastric cancer.
Key words: miR-145; CD44; Gastric cancer stem cells;
Chemo-resistance
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The levels of CD44 and miR-145 are related
strongly to stemness properties in gastric cancer.
The aim of this investigation was to determine the
underlying molecular mechanism involved in this
relationship. The findings demonstrated that miR-145
regulates CD44 expression by directly targeting its
3’-untranslated region, which might play a critical role
in the regulation of tumor growth and chemo-resistance
in gastric cancer.
Zeng JF, Ma XQ, Wang LP, Wang W. MicroRNA-145 exerts
tumor-suppressive and chemo-resistance lowering effects by
targeting CD44 in gastric cancer. World J Gastroenterol 2017;
23(13): 2337-2345 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i13/2337.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2337

INTRODUCTION
Despite advances in medical technology to improve
gastric cancer outcome, gastric cancer remains the
[1]
fourth most common cancer worldwide . The 5-year
survival rate in gastric cancer patients is still less
than 35%, and it remains the third leading cause of
[1,2]
cancer-related death . Seventy percent of gastric
cancer-related deaths occur in developing countries,
[3]
with approximately 40% occurring in China . In
China, this low survival rate is mainly the result of the
disappointing early detection rate, tumor recurrence,
[4]
and high chemotherapy resistance . Accumulating
evidence indicates that a subset of cancer cells with
high self-renewal and stemness properties, known
as cancer stem cells (CSCs), are the key contributors
to chemo-resistance, and are responsible for tumor
[5]
progression and recurrence after conventional therapy .
CD44, an integral cell membrane glycoprotein, was
identified initially as a lymphocyte homing receptor
on circulating lymphocytes, and exhibits homing,
[6,7]
adhesion, and migration functions . CD44 partici
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RNA extraction, reverse transcription-PCR and
quantitative real-time PCR

the stem-like properties of gastric cancer mainly by
targeting CD44 directly.

Total RNA was extracted using the TRIZOL Reagent
(Invitrogen) and reverse transcribed with R-PCR
Quick Master Mix (Toyoba) to produce cDNA. QPCR
was performed using SYBR Green-based detection
®
in a LightCycler 480 (Roche) according to the
manufacturer’s instructions using the following primer
pairs: CD44 (NM_000610.3) (Forward: 5’-CTCATGG
ATCTGAATCAGATGGA-3’, Reverse: 5’-ACTGCAA
TGCAAACTGCAAGA-3’); GAPDH (glyceraldehyde-3
phosphate dehydrogenase, NM_001289745.1)
(Forward: 5’-TCTCCTCTGACTTCAACAGCGA-3’,
Reverse: 5’-GTCCACCACCCTGTTGCTGT-3’). GAPDH
levels were used as normalization controls.

MATERIALS AND METHODS
Plasmid construction

The human CD44 3’-untranslated region (UTR) was
amplified from MGC-803 cDNA by polymerase chain
reaction (PCR) amplification using the following primer
pairs: 5’-TACGAGCTCCACCTACACCATTATCTTGG
AAAGA-3’ (Forward); 5’-TCAACGCGTCCAATAAGTG
CTTTCAACTCAGCA-3’ (Reverse). The CD44 3’UTR
was cloned downstream of the luciferase coding
sequence in the pMIR-REPORT (Ambion) vector
at the Sac I/Mlu I restriction sites to construct the
human CD44-3’UTR-luciferase reporter. Mutations
were introduced into the miRNA-binding sites using
a QuikChange Mutagenesis Kit (TransGen, Beijing,
China). The mutation primers were as follows:
5’-ACTTGAAAGAAAGTCGACATTAGGCCACTAT-3’
(Forward); 5’-GACTTTCTTTCAAGTTGAAAAGAAAA
TAAAAAG-3’ (Reverse) (mutation sites underlined).
For the CD44 expression plasmids, sequences
were amplified by PCR using the following primers:
5’-TACACGCGTATGGACAAGTTTTGGTGGCA-3’
(Forward); 5’-TCAGCTAGCCACCCCAATCTTCATGTC
CAC-3’ (Reverse). The amplified fragment was cloned
into the Mlu I /Nhe I sites in the pLV-CS 2.0.

Chemo-resistance assay

®

The MTT assay (Cell titer 96 Aqueous One Solution
Cell Proliferation Assay, Promega) was used to assess
the rates of resistance to drugs. Briefly, MGC-803 cells
were transfected with or without miR-145 or/and CD44,
and after 12 h of transfection the gastric cancer cells
3
(2 × 10 /well) were seeded in 96-well plates. The cells
were then treated with the indicated concentration of
chemotherapeutic drugs [5-FU (5-Fluorouracil, SigmaAldrich) and cisplatin (Sigma-Aldrich)]. The MTT assay
was performed 72 h later using the iMarkmicroplate
Absorbance Reader (Bio-RAD, Richmond, CA, United
States), according to the manufacturer’s instructions.

Cell cultures

The human gastric cancer cell line, MGC-803, was
purchased from the Institute of Cell Biology (Shanghai,
China, http://www.cellbank.org.cn). Cells were
maintained in Roswell Park Memorial Institute-1640
(RPMI-1640) medium. All cell culture media were
supplemented with 10% fetal bovine serum, and 1%
penicillin-streptomycin (all from Invitrogen, Carlsbad,
CA, United States).

Cell extraction and western blotting

Tumor sphere culture

Results are expressed as the mean ± SEM. Statistical
signiﬁcance was determined by Student’s t-test or
a one-way or two-way analysis of variance followed
by Tukey’s test, as appropriate, using Graphpad Prism
statistical software (Graphpad Software). P < 0.05 was
considered statistically signiﬁcant.

Western blots were performed according to previously
[22]
described protocols . The Immobilon Western
Chemiluminescent HRP Substrate Kit (Millipore) was
used to evaluate the results. The primary antibodies
were CD44 (Abcam, Cambridge, 1:3000), and β-actin
(Sigma-Aldrich, 1:5000).

Statistical analysis

Tumor sphere cultures were grown in ultralow attach
ment six-well plates (Corning, Lowell, MA, United
States) using a cell suspension (500 cells/mL) in serumfree DMEM/F12 media (Invitrogen), supplemented with
20 ng/mL epidermal growth factor (EGF, Sigma-Aldrich),
4 μg/mL insulin (Sigma-Aldrich), B27 supplement
(1 ×, Invitrogen), and 1% penicillin-streptomycin in a
humidified incubator at 37 ℃ in 5% CO2.

RESULTS
miR-145 and CD44 expression in gastric cancer cells
with self-renewal properties

Luciferase reporter assay

The tumor sphere assay has been used widely to
identity stem cells in vitro. Tumor spheres of MGC-803
cells were cultured as described in the Materials
and Methods section. Tumor spheres with a tight
appearance were observed in serum-free medium
(Figure 1). To investigate the function of miR-145
and CD44 in gastric cancer, we first determined the
expressions of miR-145 and CD44 in monolayer

Cells were transfected with pWT-CD44-3’UTR-luc
or pMT-CD44-3’UTR-luc (WT, wild type; MT, mutant
type), β-galactosidase, and miR-145 mimics, or
an miR-145 inhibitor (RiboBio, Guangzhou, China)
using Lipofectamine 2000 transfection reagent
(Invitrogen). Luciferase activity was measured 36 h
after transfection, and the transfection efficiency was
normalized to internal β‑galactosidase activity.
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Figure 1 miR-145 and CD44 expression in gastric cancer cells with self-renewal properties. aP < 0.05, bP < 0.01, eP < 0.001 vs the monolayer cells; data are
the mean ± SEM of at least three independent experiments. A: Representative image of a tumor sphere of MGC-803 cells. MGC-803 cells were cultured in stem cell
medium as described in the Materials and Methods section; B: miR-145 expression in tumor spheres and monolayer cells. miR-145 expression was determined by
quantitative real-time polymerase chain reaction (qPCR); C: CD44 mRNA expression in tumor spheres and monolayer cells. CD44 mRNA expression was determined
by qPCR; D: CD44 protein expression in tumor spheres and monolayer cells. Cells were harvested for western blotting analysis; E: The expression of several gastric
cancer stem cell markers in tumor spheres and monolayer cells. Sox2, Oct4, and Nanog mRNA expression was determined by real-time PCR.

MGC-803 cells and MGC-803 spheres using qPCR.
The results showed that miR-145 expression was
significantly inhibited in MGC-803 spheres compared
with monolayer MGC-803 cells (by 87.9%, Figure
1B, P < 0.001). In addition, the spheres expressed
much higher levels of CD44 mRNA and protein than
the monolayer cells. When calculated as fold changes
relative to the monolayer MGC-803 cells, CD44
mRNA and protein expression levels increased by
approximately 8-fold and 7-fold, respectively (Figure
1C and D, P < 0.001). Moreover, the results showed
that the expression of other CSC markers, such as
Sox2, Nanog, and Oct4, increased significantly in
sphere cells (Figure 1E, P < 0.05, P < 0.01).

with luciferase reporter pWT-CD44-3’ UTR in MGC-803
cells. Transfection of the miR-145 mimics reduced
the CD44-3’ UTR activity significantly (Figure 2B, P
< 0.001). Conversely, inhibition of miR-145 resulted
in a significant increase in CD44-3’ UTR activity
(Figure 2B, P < 0.05). To verify the specificity of the
interactions, we mutated the MRE site for miR-145 on
the CD44-3’ UTR. Using the mutant, we demonstrated
that mutation of the MRE for miR-145 abrogated the
regulatory effects of the miR-145 mimics or miR-145
inhibitor (Figure 2C). To further evaluate the regulation
of miR-145 on CD44 expression, we transfected
miR-145 mimics in MGC-803 cells. Consistent with
the results from the luciferase reporter assay, CD44
expression was downregulated by 71.74% in MGC-803
cells transfected with miR-145 mimics (Figure 2D, P
< 0.01). In contrast, miR-145 inhibition resulted in
significant increases in CD44 expression (Figure 2D,
P < 0.05). Take together, these results showed that
miR-145 regulated CD44 expression by targeting the
CD44 3’ UTR (Figure 2).

miR-145 directly targets the CD44 3’UTR in gastric
cancer cells

The above results indicated an inverse relationship
between the expression of miR-145 and CD44. The
prediction of miRNA-recognition element (MRE) sites
for miR-145 on the CD44-3’ UTR was performed
using the TargetScan (http://www.targetscan.
org) algorithms (Figure 2A). To determine whether
miR-145 regulated CD44 through an interaction with
the CD44-3’ UTR, we first co-transfected chemically
synthesized miR-145 mimics or a miR-145 inhibitor

WJG|www.wjgnet.com

Overexpression of CD44 abolishes the inhibitory effect
of miR-145 on the self-renewal properties of gastric
cancer cells

miR-145 is known to exert suppressive effects on
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[23]

chemotherapeutic approaches because of intrinsic
or acquired drug resistance, particularly multidrug
resistance. Chemo-resistance is another important
characteristic of CSCs. We next investigated whether
miR-145 or miR-145-regulated CD44 were involved
in the chemo-resistance of gastric cancer cells. For
this purpose, MGC-803 cells were transfected with or
without miR-145 mimics and/or pLV-CD44 for 24 h and
then various concentrations of two chemotherapeutic
drugs, 5-FU and cisplatin, were used to treat the cells.
As shown in Figure 4A and B, miR-145 enhanced the
cells’ chemo-sensitivity to these drugs. Conversely,
overexpression of CD44 resulted in a significant
increase in chemo-resistance (Figure 4A and B, P <
0.05). Furthermore, simultaneous re-expression of
CD44 compromised the chemo-sensitivity mediated
by miR-145 in MGC-803 cells (Figure 4A and B, P <
0.001), and the cells were more sensitive than the
controls (Figure 4A and B, P < 0.05). Collectively, the
above results demonstrated that repression of CD44 is
necessary for the chemo-resistance lowering effect of
miR-145 in gastric cancer cells.
Drug resistance is closely related to increased
drug efflux mediated by an energy-dependent
mechanism involving the ABC (ATP binding cassette)

many cancer types, including gastric cancer . The
tumor sphere assay was used to investigate whether
repression of CD44 is necessary for miR-145 to
inhibit gastric cancer cells. The plasmid pLV-CD44
was constructed and the overexpression of CD44
was confirmed (Figure 3A). The tumor sphere assay
has been used widely to identify the self-renewal
properties of stem cells in vitro. As expected, miR-145
mimics significantly decreased tumor sphere formation
in MGC-803 cells with an efficiency of 74.74% (Figure
3B, P < 0.001). Conversely, overexpression of CD44
resulted in a significant increase in tumor sphere
formation (Figure 3B, P < 0.001). Furthermore,
simultaneous re-expression of CD44 compromised miR145-suppressed tumor sphere formation in MGC-803
cells (Figure 3B, P < 0.001), to a higher level than that
in the control (Figure 3B, P < 0.01). Collectively, the
above results demonstrated that repression of CD44
is necessary for miR-145 to inhibit the self-renewal
properties of gastric cancer cells (Figure 3).

Overexpression of CD44 abolishes the chemoresistance lowering effect of miR-145 on gastric cancer
cells

A large proportion of patients with gastric cancer fail
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transporters, mainly ABCB1 (ATP binding cassette
subfamily B member 1), ABCC1 (ATP binding cassette
subfamily C member 1), and ABCG2 (ATP binding
[24]
cassette subfamily G member) . Moreover, it has
been reported that ABCG2 plays an important role
[22]
in regulating chemo-resistance in gastric cancer .
To evaluate the role of ABCG2 in miR-145 regulated
gastric cancer cell chemo-resistance, the expression
of ABCG2 was determined in MGC-803 cells. As
shown in Figure 3C, ABCG2 expression was repressed
in MGC-803 cells following treatment with miR-145
mimics (P < 0.05). Interestingly, overexpression of
CD44 resulted in a significant upregulation of ABCG2
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expression (Figure 4C, P < 0.01). Furthermore, simul
taneous re-expression of CD44 compromised the
down-regulation mediated by miR-145 in MGC-803
cells (Figure 4C, P < 0.001). Collectively, the above
results demonstrated that the involvement of ABCG2
is associated with the chemo-resistance lowering effect
of miR-145 in gastric cancer cells.

DISCUSSION
Although many factors might contribute to the relapse
and chemo-resistance of gastric cancer, it is reasonable
to speculate that gastric CSCs play a critical role in
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these processes. Our results further suggested that the
tumor suppressor miR-145, oncogene CD44, and their
relationship are involved critically in regulating gastric
cancer development.
SOX2, OCT4, and Nanog comprise the core
transcriptional network responsible for the regulation
[25,26]
of stem cell self-renewal and pluripotency
. Several
groups demonstrated that Sox2, OCT-4, and Nanog
are enriched in gastric CSCs. Gastric CSCs identified
using the CD44 surface marker in MKN-45 gastric
carcinoma cells had elevated levels of Nanog, Sox2,
[27]
and Oct4 . In our experimental system, the tumor
spheres expressed much higher levels of Sox2, OCT-4,
and Nanog (Figure 1E). This demonstrated that the
spheres enrich the cancer gastric CSCs population. At
the same time, miR-145 expression was repressed in
the spheres (Figure 1B). We speculated that miR-145
plays an inhibitory role in the stemness properties of
gastric cancer cells.
There is a large body of evidence showing that
deregulation of miRNAs is associated with various
human cancers, including gastric cancer. However, the
underlying mechanisms by which miRNAs modulate
carcinogenesis remain obscure. Previous studies
reported that miR-145 is downregulated in various
human malignancies, including breast cancer, lung
[28-30]
[31]
cancer, and gastric cancer
. Lu et al
found that
miR-145 functions as a tumor suppressor and targets
two oncogenes, ANGPT2 and NEDD9, in renal cell
carcinoma. Other studies have shown that miR-145
suppresses cell migration and invasion by inhibiting
[20,23]
N-cadherin and FSCN1 in gastric cancer cells
. The
current data showed that miR-145 also regulates the
expression of CD44 by targeting the CD44 3’UTR. The
latter was confirmed by the following observations; (1)
there is an inverse correlation between miR-145 and
CD44 expression in gastric tumor spheres; (2) miR-145
regulates CD44 protein expression in MGC-803; and (3)
the CD44 3’UTR is regulated by miR-145.
CD44 is a useful marker for identifying and isolating
gastric CSCs from a panel of human gastric cancer cell
lines, and CD44-positive gastric cancer cells exhibited
the stem cell properties of self-renewal and chemo[10-12]
resistance
. The expression of CD44 was correlated
positively with a more aggressive tumor phenotype
[32]
and poorer overall prognosis . It is suggested that
CD44 is not only a cell surface marker, but also might
[10]
be a driving factor in the development of CSCs .
Recently, one report highlighted the value of changing
the perspective of CD44 expression from that of
[33]
a simple marker to a signaling molecule . In the
present study, CD44 overexpression increased the selfrenewal activity and enhanced the chemo-resistance
of gastric cancer cells. CD44 regulated the expression
of Oct4 and phospho-ERK positively, both of which
[9]
are vital for regulating the pluripotency of CSCs .
ERK activity plays an important role in regulating
[22]
ABCG2 expression . Our results demonstrated that
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overexpression of CD44 stimulates ABCG2 mRNA
expression (Figure 4C). We speculated that the
upregulation of ABCG2 by CD44 is mediated by ERK. It
was reported that ABCG2 not only plays a major role
in multidrug resistance but also could be characterized
[34]
as a CSCs marker . The more precise mechanisms
by which CD44 stimulates ABCG2 expression warrant
further investigation. In addition to the well-known
effects of ABCG2 on cytotoxic and targeted agents,
ABCG2 is also increasingly linked with failure of
[34,35]
photodynamic therapy and is a CSCs marker
.
Interestingly, ABCG2 is reported to regulate selfrenewal and stem cell marker expression, but not
tumorigenicity or radiation resistance, in glioma
cells; however, the role of ABCG2 in resistance to
[36]
radiation therapy remains to be further investigated .
Furthermore, overexpression of CD44 abolished the
inhibitory and chemo-sensitive effects of miR-145
in gastric cancer cells. Collectively, these findings
demonstrated that miR-145 suppresses cell selfrenewal properties and improves chemo-sensitivity
in gastric cancer primarily by targeting CD44 directly.
Thus, miR-145’s targeting of CD44 could make it a
potential target for preventing recurrence and chemoresistance in patients with gastric cancer; however,
this needs to be further verified using more gastric cell
lines and in vivo assays.
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Abstract
AIM
To identify the factors influencing cecal insertion time
(CIT) and to evaluate the effect of obesity indices on
CIT.

Informed consent statement: This study is exempt from
informed consent, since it is a retrospective study and the data
collection and analysis were carried out without disclosing
patient’s identity.

METHODS
We retrospectively reviewed the data for participants
who received both colonoscopy and abdominal com
puted tomography (CT) from February 2008 to May
2008 as part of a comprehensive health screening
program. Age, gender, obesity indices [body mass
index (BMI), waist-to-hip circumference ratio (WHR),
waist circumference (WC), visceral adipose tissue (VAT)

Conflict-of-interest statement: All authors declare that there
are no potential conflicting interests related to the submitted
manuscript.
Data sharing statement: There are no available additional data.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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volume and subcutaneous adipose tissue (SAT) volume
on abdominal CT], history of prior abdominal surgery,
constipation, experience of the colonoscopist, quality of
bowel preparation, diverticulosis and time required to
reach the cecum were analyzed. CIT was categorized
as longer than 10 min (prolonged CIT) and shorter than
or equal to 10 min, and then the factors that required a
CIT longer than 10 min were examined.

insertion in colonoscopy: The impact of obesity indices. World J
Gastroenterol 2017; 23(13): 2346-2354 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i13/2346.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i13.2346

RESULTS
A total of 1678 participants were enrolled. The mean
age was 50.42 ± 9.931 years and 60.3% were men.
The mean BMI, WHR, WC, VAT volume and SAT
2
volume were 23.92 ± 2.964 kg/m , 0.90 ± 0.076,
3
86.95 ± 8.030 cm, 905.29 ± 475.220 cm and 1707.72
3
± 576.550 cm , respectively. The number of patients
who underwent abdominal surgery was 268 (16.0%).
Colonoscopy was performed by an attending physician
alone in 61.9% of cases and with the involvement of a
fellow in 38.1% of cases. The median CIT was 7 min
(range 2-56 min, IQR 5-10 min), and mean CIT was
8.58 ± 5.291 min. Being female, BMI, VAT volume and
involvement of fellow were significantly associated with
a prolonged CIT in univariable analysis. In multivariable
analysis, being female (OR = 1.29, P = 0.047), lower
2
BMI (< 23 kg/m ) (OR = 1.62, P = 0.004) or higher
2
BMI (≥ 25 kg/m ) (OR = 1.80, P < 0.001), low VAT
3
volume (< 500 cm ) (OR = 1.50, P = 0.013) and fellow
involvement (OR = 1.73, P < 0.001) were significant
predictors of prolonged CIT. In subgroup analyses
for gender, lower BMI or higher BMI and fellow
involvement were predictors for prolonged CIT in both
genders. However, low VAT volume was associated
with prolonged CIT in only women (OR = 1.54, P =
0.034).

Colonoscopy is widely used for the diagnosis and
treatment of colon disorders and is one of the reco
[1]
mmended options for colorectal cancer screening .
Although the success rate of complete colonoscopy
is reported to be as high as 95% to 99%, cecal
insertion time (CIT) varies greatly in different cases
and is considered a surrogate measure for difficult
[2-4]
colonoscopy
. The mean CIT by experienced
colonoscopists has been reported to be between 10 and
[5]
20 min . The authors of another study insisted that
experienced endoscopists should intubate the cecum
[6]
in > 90% of cases in < 15 min . Although there is no
standard definition of a difficult colonoscopy, procedure
times with more than 10 min for insertion or more
than two attempts to reach the cecum, or finally failed
[4,7,8]
insertion are often considered difficult
.
Identifying the factors predicting longer CIT is
important to colonoscopists, especially for recognition
of patients who may need a longer scheduled interval,
sedation and vital monitoring requirements, and
[9]
better colonoscopic expertise . Various factors have
been implicated in influencing CIT. These factors
included age, gender, quality of bowel preparation,
history of prior abdominal surgery, experience of the
[4,10-14]
colonoscopist, diverticulosis and constipation
.
In addition, research on the relationship between CIT
and obesity indices, such as body mass index (BMI),
waist circumference (WC), visceral adipose tissue (VAT)
area and subcutaneous adipose tissue (SAT) area,
[9,13,15-17]
has been reported
. However, the results of
previous studies are conflicting. A few studies on the
association between VAT and CIT were reported based
on the visceral fat amount using abdominal computed
[4,13]
tomography (CT) scan
. In these previous studies,
visceral fat was calculated on the basis of only one
slice of abdominal CT at the umbilical level.
The aims of this study were to identify the factors
influencing CIT and to evaluate the effect of obesity
indices on CIT. For reflecting the effects of visceral fat
on CIT more accurately, visceral fat was calculated as
volume in this study.

INTRODUCTION

CONCLUSION
Being female, having a lower or higher BMI than the
normal range, a low VAT volume, and fellow involve
ment were predictors of a longer CIT.
Key words: Visceral obesity; Difficult colonoscopy;
Cecal insertion time; Body mass index; Female
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are well known predictive factors of
longer cecal intubation time (CIT). Old age, female, poor
quality of bowel preparation, history of prior abdominal
surgery, trainee, diverticulosis and constipation are
associated with longer CIT. A low visceral adipose tissue
(VAT) volume, female, having a lower or higher body
mass index, and fellow involvement were predictors of
a longer CIT based on the present study. Especially, low
VAT volume was associated with prolonged CIT in only
women.

MATERIALS AND METHODS
Patients

We selected participants who received colonoscopy,
abdominal CT, and questionnaire assessment from
February 2008 to May 2008 among persons enrolled
in our previous study on the association between
[18]
abdominal VAT volume and colorectal adenoma .
Participants who previously had undergone surgery

Moon SY, Kim BC, Sohn DK, Han KS, Kim B, Hong CW,
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[18]

.

Colonoscopy

All colonoscopies were performed with an Olympus CFQ260AL video colonoscope (Olympus Optical, Co, Ltd,
Tokyo, Japan) after preparatory bowel cleansing with
a 4-L of aqueous Fleet Phospho-soda (Fleet Company,
Inc, Lynchburg, VA, United States). All colonoscopy
procedures were performed by attending physicians
specializing in endoscopy and fellows under the
direction of attending physicians. Patients who chose
to have sedation were given intravenous midazolam
before colonoscopy initiation. The dosages were
adjusted according to the patient’s age and weight.
The quality of bowel preparation was graded by the
[19]
colonoscopist according to the Aronchick scale
and reclassified into two classes as excellent to fair
and poor to inadequate for statistical analysis. The
presence of diverticular disease was recorded by the
colonoscopist. CIT was categorized as longer than 10
min (prolonged CIT) and shorter than or equal to 10
[4,7,8]
min
.

39 excluded
9 incomplete colonoscopic examination
7 previous colorectal resection
23 lack of clinical data

1678 eligible persons
1278 cecal insertion time ≤ 10 min
400 cecal insertion time > 10 min

Figure 1 Inclusion and exclusion of study participants.

for colorectal disease including malignancy, or had
incomplete examination, inflammatory bowel disease
or lack of clinical data were excluded. Surgical history
and constipation were investigated through a question
naire. Between February 2008 to May 2008, 1717
participants received colonoscopy and abdominal CT
in a health screening program. Of the 1717 persons,
1678 participants met the inclusion criteria (Figure 1).
Data were collected in a prospectively maintained
database that was further supplemented by a retro
spective chart review. This study was approved by the
institutional review board (NCC2016-0217).

Statistical analysis

Baseline characteristics of study participants and
colonoscopic data were reported as the mean ± SD
2
or number (percentage). Pearson’s χ testing was
performed for the statistical comparison of proportions
among groups in univariate analysis. Only factors with P
values < 0.05 in univariable analysis were subsequently
estimated with odds ratios (ORs) and 95%CI using
logistic regression multivariable analysis. We performed
the further subgroup analysis according to the gender.
A P value of less than 0.05 was considered significant.
Statistical analyses were performed using the SPSS
program (SPSS Inc., Chicago, IL, United States).

Anthropometric measurements

BMI was calculated as body weight by height squared
2
(kg/m ) and then divided into three categories as in
2
2
previous studies: BMI < 23 kg/m , 23-24.9 kg/m , and
2[9,13]
≥ 25 kg/m
. WC was measured at the midpoint
between the lower -costal margin and the upper pole
of the iliac crest. Patients were classified into two
categories by WC according to WHO criteria: normal
WC (≤ 102 cm for men, ≤ 88 cm for women) and
high WC (> 102 cm for men, > 88 cm for women). Hip
circumference (HC) was measured using the greatest
circumference between the iliac crest and thighs.
The waist-to-hip circumference ratio (WHR) was cal
culated as WC divided by HC. Two levels of WHR were
classified as follows according to WHO criteria: normal
WHR (≤ 0.9 for men, ≤ 0.8 for women) and high WHR
(> 0.9 for men, > 0.8 for women).

RESULTS
Baseline characteristics

Baseline characteristics of study participants and
colonoscopic data are shown in Table 1. The mean age
of 1678 participants was 50.42 ± 9.93 years and 60.3%
were male. The mean BMI, WHR, WC, VAT volume, and
2
SAT volume were 23.92 ± 2.96 kg/m , 0.90 ± 0.08,
3
86.95 ± 8.03 cm, 905.29 ± 475.22 cm and 1707.72
3
± 576.55 cm , respectively. The number of participants
who received abdominal surgery was 268 (16.0%).
Colonoscopy was performed by an attending physician
alone in 61.9% of cases and with the involvement of a
fellow in 38.1% of cases. The median CIT was 7 min
(range 2-56 min, IQR 5-10 min), and mean CIT was
8.58 ± 5.29 min. Four hundred (23.8%) of participants
required longer than 10 min.

Measurement of abdominal adipose tissue volume

Adipose tissue volume was calculated using 20 slices
covering 100 mm from 50 mm above to 50 mm below
[18]
the umbilicus as previously mentioned . VAT volume
was measured as intra-abdominal fat bound by
parietal peritoneum or transversalis fascia, excluding
the vertebral column and paraspinal muscles. The SAT
volume was calculated by subtracting the VAT volume
from the total adipose tissue volume. The partici
pants were classified into 3 groups according to VAT
3
3
3
volume (< 500 cm , 500-1499 cm , and ≥ 1500 cm )
3
and according to SAT volume (< 1000 cm , 1000-1999
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cm , and ≥ 2000 cm ) based on a previous study

1717 persons underwent colonoscopy and
abdominal computed tomography between
February 2008 and May 2008

Predictors of prolonged CIT

The univariable analysis for predictors of prolonged
CIT is shown in Table 2. Gender, BMI, VAT volume and
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kg/m (OR = 1.88; 95%CI: 1.28-2.75, P = 0.001),
and fellow involvement (OR = 1.92, 95%CI: 1.41-2.63,
P < 0.001) were significant predictors of prolonged
CIT in multivariable analysis (Table 4). In the subgroup
analysis of women (n = 666), BMI, VAT volume and
fellow involvement were associated with a prolonged
CIT in univariable analysis (Table 3). Among these
2
variables, BMI less than 23 kg/m (OR = 1.66, 95%CI:
1.02-2.69, P = 0.041) or greater than or equal to 25
2
kg/m (OR = 1.79, 95%CI: 1.02-3.13, P = 0.042),
3
VAT volume smaller than 500 cm (OR = 1.54, 95%CI:
1.03-2.31, P = 0.034) and fellow involvement (OR =
1.53, 95%CI: 1.08-2.16, P = 0.016) were significant
predictors of prolonged CIT in multivariable analysis
(Table 4). When BMI and VAT volume were considered
separately by multivariable analysis for gender, in
2
men, BMI less than 23 kg/m (OR = 1.69, 95%CI:
1.10-2.60, P = 0.017) or greater than or equal to 25
2
kg/m (OR = 1.88, 95%CI: 1.28-2.75, P = 0.001)
and fellow involvement were independently associated
with prolonged CIT. VAT volume, however, was not
associated with prolonged CIT. In women, BMI less
2
than 23 kg/m (OR = 1.96, 95%CI: 1.25-3.10, P =
3
0.004), VAT volume smaller than 500 cm (OR = 1.66,
95%CI: 1.17-2.35, P = 0.005) and fellow involvement
were independently associated with prolonged CIT. BMI
2
greater than or equal to 25 kg/m (OR = 1.71, 95%CI:
0.99-2.96, P = 0.053) was marginally associated with
prolonged CIT.

Table 1 Baseline characteristics of study participants n (%)
Baseline characteristics (n = 1678)
Age (yr) (mean ± SD)
< 65
≥ 65
Gender
Male/female
Obesity indices (mean ± SD)
BMI (kg/m2)
WHR (n =1674)
WC (cm) (n =1676)
VAT volume (cm3)
SAT volume (cm3)
History of abdominal surgery
Gynecological surgery
Gastrectomy
Other abdominal surgery
Constipation
Yes/no
Experience
Attending physicians/Fellow
Bowel preparation
Excellent to fair/Poor to inadequate
Diverticulosis on colonoscopy
Yes/no
CIT (min)
Median CIT (range)
Mean CIT (SD)1
≤ 10 min
> 10 min

50.42 ± 9.93
1518 (90.5)
160 (9.5)
1012 (60.3)/666 (39.7)
23.92 ± 2.96
0.90 ± 0.08
86.95 ± 8.03
905.29 ± 475.22
1707.72 ± 576.55
231 (13.8)
163 (9.7)
5 (0.3)
182 (10.8)/1496 (89.2)
1039 (61.9)/639 (38.1)
1209 (72.1)/469 (27.9)
95 (5.7)/1583 (94.3)
7 (2-56) (IQR, 5-10)
8.58 ± 5.29
1278 (76.2)
400 (23.8)

1

One hundred thirty one patients were undergone multiple surgeries
and duplicated with other type operation. BMI: Body mass index; WHR:
Waist-to-hip circumference ratio; WC: Waist circumference; VAT: Visceral
adipose tissue; SAT: Subcutaneous adipose tissue; CIT: Cecal insertion
time.

DISCUSSION
We found that being female, lower or higher BMI, low
VAT volume and fellow involvement were predictors
of a longer CIT. In subgroup analysis by gender, lower
or higher BMI and fellow involvement were predictors
for prolonged CIT in both genders. However, a low
VAT volume was associated with a longer CIT in only
women.
In this study, female gender was identified as a
predictor of longer CIT. In addition, ninety three patients
of CIT more than 15 min were all women in our study.
The female pelvis is deeper and more rounded than the
male pelvis, which may predispose to loop formation in
[16,20]
[20]
the sigmoid colon
. Saunders et al
reported total
colonic length was greater in women compared to men
(155 cm vs 145 cm, P = 0.005). Transverse colon length
is, especially, longer in women than in men (48 cm vs
40 cm, P < 0.0001) and redundancy of the transverse
colon is more frequent in women compared with that in
men (62% vs 26%, P < 0.0001), which predisposes to
loop formation and difficulty in passing the colonoscope
[20]
[21]
in women . Arcovedo et al
suggested that the
peritoneal cavity is smaller in women, which causes a
more convoluted packaging of the entire colon, which
eventually forms an acute angle at the colonic flexure.
A longer and more slender colonoscope could overcome
those factors (longer colon length and more acute angle
at the flexure) in women during colonoscopy insertion.

involvement of a fellow were significantly associated
with a prolonged CIT. Among these variables, being
female (OR = 1.29, 95%CI: 1.00-1.67, P = 0.047),
2
BMI less than 23 kg/m (OR = 1.62, 95%CI: 1.16-2.25,
2
P = 0.004) or greater than or equal to 25 kg/m (OR
= 1.80, 95%CI: 1.31-2.49, P < 0.001), VAT volume
3
smaller than 500 cm (OR = 1.50; 95%CI: 1.09-2.07, P
= 0.013) and fellow involvement (OR = 1.73; 95%CI:
1.38-2.19, P < 0.001) were significant predictors of
prolonged CIT in multivariable analysis (Table 2). When
BMI and VAT volume were considered separately by
multivariable analysis in total cohort (Supplement Table
2
2), being female, BMI less than 23 kg/m (OR = 1.84,
95%CI: 1.35-2.50, P < 0.001) or greater than or equal
2
to 25 kg/m (OR = 1.83, 95%CI: 1.34-2.50, P < 0.001),
3
VAT volume smaller than 500 cm (OR = 1.57, 95%CI:
1.18-2.09, P = 0.002) or greater than or equal to 1500
3
cm (OR = 1.45, 95%CI: 1.00-2.09, P = 0.047) and
fellow involvement were independently associated with
prolonged CIT.
We performed a subgroup analysis by gender. In
the subgroup analysis of men (n = 1012), BMI and
fellow involvement were associated with a prolonged
CIT in univariable analysis (Table 3). Among these
2
variables, BMI less than 23 kg/m (OR = 1.69; 95%CI:
1.10-2.60, P = 0.017) or greater than or equal to 25
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Table 2 Cecal insertion time according to study variables, with odd ratios estimated by multivariable logistic regression analysis n (%)
Cecal insertion time (min)
≤ 10 (n = 1278)

Age (yr)
< 65
≥ 65
Gender
Male
Female
Obesity indices
BMI (kg/m2)
< 23
23-24.9
≥ 25
WHR (n = 1674)
Normal
(≤ 0.9 for men, ≤ 0.8 for women)
High
WC (cm) (n = 1676)
Normal
(≤ 102 cm for men, ≤ 88 cm for women)
High
VAT volume (cm3)
< 500
500-1499
≥ 1500
SAT volume (cm3)
< 1000
1000-1999
≥ 2000
History of abdominal surgery
No
Yes
Constipation
No
Yes
Experience
Attending physicians
Fellow
Bowel preparation
Excellent to fair
Poor to inadequate
Diverticulosis
No
Yes

P value

> 10 (n = 400)

Multivariate logistic
regression analysis

P value

OR (95%CI)
0.125

1164 (76.7)
114 (71.3)

354 (23.3)
46 (28.7)

800 (79.1)
478 (71.8)

212 (20.9)
188 (28.2)

457 (72.2)
388 (83.6)
433 (74.5)

176 (27.8)a
76 (16.4)b
148 (25.5)

0.001
Ref
1.29 (1.00-1.67)

0.047

1.62 (1.16-2.25)
Ref
1.80 (1.31-2.49)

0.004

< 0.001

< 0.001

0.060
257 (72.4)

98 (27.6)

1018 (77.2)

301 (22.8)

1098 (76.6)

335 (23.4)

179 (73.7)

64 (26.3)

237 (68.3)
906 (78.9)
135 (73.8)

110 (31.7)c
242 (21.1)
48 (26.2)

0.316

< 0.001
1.50 (1.09-2.07)
Ref
1.27 (0.86-1.88)

0.013
0.223

0.848
107 (78.1)
831 (75.9)
340 (76.2)

30 (21.9)
264 (24.1)
106 (23.8)

1077 (76.4)
201 (75.0)

333 (23.6)
67 (25.0)

1148 (76.7)
130 (71.4)

348 (23.3)
52 (28.6)

833 (80.2)
445 (69.6)

206 (19.8)
194 (30.4)

0.626

0.112

< 0.001
Ref
1.73 (1.38-2.19)

< 0.001

0.919
920 (76.1)
358 (76.3)

289 (23.9)
111 (23.7)

1199 (75.7)
79 (83.2)

384 (24.3)
16 (16.8)

0.099

a

P < 0.001 vs BMI 23-24.9 kg/m2, bP < 0.001 vs BMI ≥ 25 kg/m2, cP < 0.001 vs VAT volume 500-1499 cm3. BMI: Body mass index; WHR: Waist-to-hip
circumference ratio; WC: Waist circumference; VAT: Visceral adipose tissue; SAT: Subcutaneous adipose tissue.

preparation, a history of abdomino-pelvic surgery,
and procedure done by trainees but the present
study included these types of cases. In our study,
2
when higher BMI (≥ 25 kg/m ) group was divided
2
into overweight (25-29.9 kg/m ) and obese (≥ 30
2
kg/m ) group, not obese group but overweight group
was associated with prolonged CIT in multivariable
2
analysis. Even though high BMI (≥ 30 kg/m ) was
not significant association in univariable and multivari
able analysis, there was a trend of association with
prolonged CIT. The cause of these result might be the
low number of high BMI (n = 45) (data not shown).
BMI was used as a measure of obesity, but this may
not be an accurate measure of abdominal visceral fat.
[23]
BMI is an overall obesity index . Men have more

BMI was reported to be one of the predicting
factors of prolonged CIT, with lower BMI was being
[17,22]
associated with a difficult procedure
. These studies
explained that this finding may be because of the
relatively lower amount of visceral fat in patients with
lower BMI. Visceral fat may allow for easier passage of
the colonoscopy by supporting the colon in the pelvis
[22]
and thus reducing loop formation . However, another
[15]
study has shown conflicting results. Jain et al
recently reported that BMI had a positive association
with CIT for women, but had a negative association
with CIT for men. The discrepancy in the association
of BMI and CIT might be that the enrolled patients’
characteristics were different among studies. Jain
[15]
et al
study excluded the patients with poor bowel
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Table 3 Cecal insertion time according to study variables, by gender, with P values estimated by univariable analysis n (%)
Male (n = 1012)
Cecal insertion time (min)
≤ 10 (n = 800)
> 10 (n = 212)
Age (yr)
< 65
≥ 65
Obesity indices
BMI (kg/m2)
< 23
23-24.9
≥ 25
WHR
Normal
High
WC (cm)
Normal
High
VAT volume (cm3)
< 500
500-1499
≥ 1500
SAT volume (cm3)
< 1000
1000-1999
≥ 2000
History of abdominal surgery
No
Yes
Constipation
No
Yes
Experience
Attending physicians
Fellow
Bowel preparation
Excellent to fair
Poor to inadequate
Diverticulosis
No
Yes

P value

Female (n = 666)
Cecal insertion time (min)
≤ 10 (n = 478)
> 10 (n = 188)

0.089
726 (90.8)
74 (9.3)

184 (86.8)
28 (13.2)

202 (25.3)
261 (32.6)
337 (42.1)

58 (27.4)
46 (21.7)a
108 (50.9)

118 (14.8)
680 (85.2)

36 (17.1)
175 (82.9)

768 (96.1)
31 (3.9)

201 (94.8)
11 (5.2)

73 (9.1)
606 (75.8)
121 (15.1)

24 (11.3)
146 (68.9)
42 (19.8)

90 (11.3)
575 (71.9)
135 (16.9)

23 (10.8)
146 (68.9)
43 (20.3)

687 (85.9)
113 (14.1)

172 (81.1)
40 (18.9)

740 (92.5)
60 (7.5)

193 (91.0)
19 (9.0)

552 (69.0)
248 (31.0)

115 (54.2)
97 (45.8)

561 (70.1)
239 (29.9)

153 (72.2)
59 (27.8)

734 (91.8)
66 (8.3)

201 (94.8)
11 (5.2)

P value
0.619

438 (91.6)
40 (8.4)

170 (90.4)
18 (9.6)

255 (53.3)
127 (26.6)
96 (20.1)

118 (62.8)b
30 (16.0)
40 (21.3)

139 (29.1)
338 (70.9)

62 (33.0)
126 (67.0)

330 (69.0)
148 (31.0)

134 (71.7)
53 (28.3)

164 (34.3)
300 (62.8)
14 (2.9)

86 (45.7)c
96 (51.1)
6 (3.2)

17 (3.6)
256 (53.6)
205 (42.9)

7 (3.7)
118 (62.8)
63 (33.5)

390 (81.6)
88 (18.4)

161 (85.6)
27 (14.4)

408 (85.4)
70 (14.6)

155 (82.4)
33 (17.6)

281 (58.8)
197 (41.2)

91 (48.4)
97 (51.6)

359 (75.1)
119 (24.9)

136 (72.3)
52 (27.7)

465 (97.3)
13 (2.7)

183 (97.3)
5 (2.7)

0.007

0.013

0.414

0.332

0.396

0.508

0.123

0.020

0.511

0.082

0.087

0.213

0.480

0.350

< 0.001

0.015

0.561

0.462

0.135

0.966

WHR: male n = 1009, female n = 665; WC: male n = 1011, female n = 665. aP = 0.004 vs BMI ≥ 25 kg/m2, bP = 0.009 vs BMI 23-24.9 kg/m2, cP = 0.015 vs
VAT volume 500-1499 cm3. BMI: Body mass index; WHR: Waist-to-hip circumference ratio; WC: Waist circumference; VAT: Visceral adipose tissue; SAT:
Subcutaneous adipose tissue.
[17,20]

abdominal and visceral fat than women, in whom fat is
[24]
distributed in more femoral and gluteal regions . In
our study, while in women BMI and VAT volume both
showed an association with CIT, in men BMI could
absorb the association between VAT volume and CIT.
In this study, lower VAT volume was a significant
predictive factor of prolonged CIT in multivariable
analysis in women. Visceral fat may provide a direct
support for the colon in the pelvis, assisting for the
[25]
easier passage of the colonoscope . However, the
association between VAT volume and prolonged CIT
was not statistically significant in men. A plausible
explanation about this discrepancy between the
genders may be that loop formation in the sigmoid
colon is more frequent without supporting visceral
fat in women owing to their anatomical feature of a
deeper and rounded pelvis. In addition, the increased
abdominal wall musculature in men may provide more
external resistance and act as an external splint to the
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colonoscope, preventing loop formation
.
A study demonstrated that smaller WC was asso
[9]
ciated with prolonged CIT . In contrast, consistent
[16]
with our result, Chung et al reported that there was
no direct correlation between WC and CIT. It might be
because WC does not seem to reflect real volume of
the peritoneal cavity.
In our study, fellow involvement was significantly
associated with prolonged CIT both in univariable and
multivariable analysis (P < 0.001). Similar results were
[13,17]
obtained in a few previous studies
. This can be
explained by the learning curve for trainees performing
[26]
the colonoscopy. Park et al
reported that CIT was
inversely proportional to the number of colonoscopies
the trainee had performed; CIT was 12 min and 8.7
min for 150 cases and 250 cases, respectively. They
analyzed the factors affecting cecal intubation based
on the pre- and post- colonoscopic competency of
[26]
trainees. Park et al
reported low BMI, inadequate
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Table 4 Predictive parameters of prolonged cecal insertion time according to gender by multivariable logistic regression analysis
when body mass index and visceral adipose tissue volume were considered simultaneously or separately

Male

Female

OR

95%CI

P value

OR

95%CI

P value

1.58
Ref
1.82

1.00-2.50

0.049

1.10-2.60

0.017

1.22-2.71

0.003

1.69
Ref
1.88

1.28-2.75

0.001

1.40
Ref
1.24

0.80-2.43

0.236

0.81-1.90

0.323

1.41-2.63

< 0.001

1.66
Ref
1.79

1.02-2.69

0.041

1.02-3.13

0.042

1.54
Ref
1.31

1.03-2.31

0.034

0.47-3.64

0.606

1.08-2.16

0.016

OR

95%CI

P value

1.41
Ref
1.42

0.86-2.33

0.178

0.96-2.12

0.082

1.38-2.57

< 0.001

1.17-2.35

0.005

0.55-3.96

0.446

1.10-2.17

0.013

2

BMI (kg/m )
< 23
23-24.9
≥ 25
VAT volume (cm3)
< 500
500-1499
≥ 1500
Experience
Attending physicians
Fellow
BMI (kg/m2)
< 23
23-24.9
≥ 25
VAT volume (cm3)
< 500
500-1499
≥ 1500
Experience
Attending physicians
Fellow

Ref
1.93

Ref
1.53

Ref
1.92
1.96
Ref
1.71

1.41-2.63

< 0.001

1.25-3.10

0.004

0.99-2.96

0.053

Ref
1.88

1.66
Ref
1.47
Ref
1.52

1.08-2.14

0.016

Ref
1.54

BMI: Body mass index; VAT: Visceral adipose tissue.
2

bowel preparation and history of stomach surgery
influenced cecal intubation during the pre-competency
period and a previous history of gastric operation
and inadequate bowel preparation also affected cecal
intubation. The present study did not completely
discriminate the status of colonoscopic competency
of fellow trainees. However, our training program has
rules of changing the trainee when patients suffer pain
or colonoscope is sluggish at the same segment.
In subgroup analysis by experience of the colono
scopist, patient age of 65 years or over (OR = 2.08,
2
95%CI: 1.13-3.82, P = 0.018), BMI of 25 kg/m or
over (OR = 1.94, 95%CI: 1.21-3.12, P = 0.006), and
3
VAT volume less than 500 cm (OR = 1.70, 95%CI:
1.02-2.86, P = 0.044) were associated with prolonged
CIT in fellow group in multivariable analysis (Supplement
Table 1). Several studies have reported different results
whether older age associate with prolonged CIT. A
[27]
prospective study by Zuber-jerger et al
showed CIT
was not related with age. However, consistent with
our results of fellow group, a study for colonoscopy
learning curves of gastroenterology fellows reported
an older age was associated with a longer insertion
[28]
time . Length of the entire colon has been reported to
increase with age, resulting in increased redundancies
[29]
and loop formation . Also, decreased elasticity of the
colon associated with advanced age predisposes to loop
[9]
formation during colonoscopy . These might impede
the advancement of the colonoscope, especially among
fellows who lack the skills. In the attending physician
group, being female (OR = 1.42, 95%CI: 1.01-2.00, P
2
= 0.043), BMI less than 23 kg/m (OR = 1.79, 95%CI:
1.15-2.79, P = 0.010) and greater than or equal to 25
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kg/m (OR = 1.68, 95%CI: 1.07-2.64, P =0.024) were
associated with prolonged CIT in multivariable analysis
(Supplement Table 1).
In previous studies, poor bowel preparation pro
[13,30,31]
longed CIT
. However, quality of bowel preparation
was not associated with prolonged CIT in our study and
[4,16]
several other studies
. This discrepancy might be due
[16]
to different criteria for the bowel preparation state . In
subgroup analysis by experience of the colonoscopist,
poor bowel preparation was marginally associated
with prolonged CIT in the fellow group but not in the
attending physician group in multivariable analysis (P =
0.056, Supplement Table 1). Consistent with our study,
it was reported that poor bowel preparation was a
predictive factor of difficult colonoscopy in colonoscopy
[26]
trainees who lacked techniques for insertion .
The advantage of this study is its large sample size
including various obesity indices and prospectively
collected data that was retrospectively analyzed.
However, there were some limitations. First, the present
study was performed by a single center. However,
seven expert colonoscopists performed the endoscopy
and analyzed a large number colonoscopy cases.
Second, factors such as pain tolerance and use of
narcotic agents, which may affect difficult colonoscopy,
were not assessed. Colonoscopy provokes anxiety and
discomfort in some patients. Patient stress may result
in increased sympathetic outflow, an increase in bowel
sensitivity with a greater need for sedative medication,
and decreased procedure tolerance, resulting thereby in
[32]
prolonged CIT . These factors should be evaluated in
future studies.
In conclusion, Prediction of potentially difficult
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patient may help the colonoscopist decide on sche
duling, sedation and vital monitoring requirements,
and the need for better colonoscopic expertise. Being
female, lower or higher BMI than the normal range, low
VAT volume and fellow involvement were predictors
of longer CIT. Among obesity indices, lower or higher
BMI than the normal range and low VAT volume were
associated with longer CIT. Our findings suggest a role
of VAT volume, not VAT area, in colonoscope insertion
for the first time.

3

4

5

COMMENTS
COMMENTS
Background

6

Colonoscopy has been the standard examination for the screening and
surveillance of colorectal cancer. Cecal insertion time (CIT) varies greatly in
different cases and is considered a surrogate measure for difficult colonoscopy.
It is important to identify the factors predicting longer CIT. These factors
included age, gender, quality of bowel preparation, history of prior abdominal
surgery, experience of the colonoscopist, diverticulosis and constipation. In
addition, research on the relationship between CIT and obesity indices, such
as body mass index (BMI), waist circumference (WC), visceral adipose tissue
(VAT) area and subcutaneous adipose tissue (SAT) area, has been reported.
However, the results of previous studies are conflicting. The aims of this study
were to identify the factors influencing CIT and to evaluate the effect of obesity
indices on CIT.

7
8

9

Research frontiers

Being female, lower or higher BMI than the normal range, low VAT volume and
fellow involvement were predictors of longer CIT. Among obesity indices, lower
or higher BMI than the normal range and low VAT volume were associated with
longer CIT.

10

11

Innovations and breakthroughs

In this study, its large sample size including various obesity indices (BMI, WHR,
WC, VAT volume and SAT volume) and prospectively collected data that was
retrospectively analyzed. Visceral fat was calculated as volume for precise
evaluating the effects of VAT on CIT. They performed a subgroup analysis by
gender.

12

Applications

13

The patients with female gender, lower or higher BMI than the normal range,
low VAT volume may need a longer scheduled interval, sedation and vital
monitoring requirements, and better colonoscopic expertise.
14

Terminology

Prolonged CIT: defined as longer than 10 min in CIT. VAT volume: measured
as intra-abdominal fat bound by parietal peritoneum or transversalis fascia,
excluding the vertebral column and paraspinal muscles.

15

Peer-review

The authors retrospectively reviewed the data of patients who underwent
colonoscopy at a single Endoscopy Unit and retrieved data about various
obesity indices, as well as specific data about the exams.
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Abstract

Institutional review board statement: The study was
approved by the ethics committee of the Jikei University School
of Medicine (Tokyo, Japan).

AIM
To investigate the influence of interferon-free antivirus
therapy on lipid profiles in chronic hepatitis C virus
genotype 1b (HCV1b) infection.

Informed consent statement: Informed consent was obtained
from all the patients for inclusion in the study.

METHODS
Interferon-free antiviral agents were used to treat 276
patients with chronic HCV1b infection, and changes in
serum lipids of those who achieved sustained virolo
gic response (SVR) were examined. The treatment
regimen included 24 wk of daclatasvir plus asunaprevir
(DCV + ASV) or 12 wk of sofosbuvir plus ledipasvir
(SOF + LDV). SVR was achieved in 121 (85.8%) of
141 patients treated with DCV + ASV and 132 (97.8%)
of 135 patients treated with SOF + LDV. In the two
patient groups (DCV + ASV-SVR and SOF + LDV-SVR),
serum total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and triglycerides were measured at baseline
during treatment and at 4 and 12 wk after treatment.
Then, longitudinal changes in lipid profiles were analyzed.
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(IFN)-based regimens, which can cause severe side
[5,6]
effects and result in an unsatisfactory cure rate .
However, several oral anti-HCV drugs (direct acting
antivirals; DAAs) have been developed over the last
[7-10]
several years
. The combination of DAAs brought
a revolutionary change to anti-HCV therapy. Now,
HCV can be eliminated from the infected host within
12 wk of DAA combination therapy without noticeable
side effects with tremendously high probability. The
sustained viral response (SVR) rate in chronic HCV
genotype 1b (HCV1b) infection is now reported to be
[10]
95%-100% .
Several critical steps of the HCV life cycle are closely
[11-13]
associated with lipid metabolism
. HCV particles in
8
the peripheral blood are coated with lipids. About 10
HCV particles are assumed to be secreted from the
[14]
liver into peripheral blood every 24 h . This finding
suggested that lipid metabolism is somewhat shifted
towards the production of HCV particles. Therefore,
HCV may interfere with host lipid metabolism in order
to enhance the replication process.
Many studies of serum lipid profiles in chronic
HCV infection reported significant decreases in serum
total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C), while some reported a decrease
[15-19]
in high-density lipoprotein cholesterol (HDL-C)
.
Meanwhile, a decrease in serum triglycerides (TG) in
[15]
chronic HCV infection remains an issue of debate .
Serum cholesterol levels in patients who achieved SVR
with IFN-based therapy were reported to increase
[16-18]
after therapy
. However, the change in cholesterol
metabolism during IFN-based therapy is not easily
defined because the nutritional state is worsened as
a side effect of IFN-based therapy that may severely
[6]
influence serum lipid levels . On the contrary, IFNfree DAA combination therapy had no influence on the
nutritional state of the host. Therefore, the change in
serum lipid profiles during and after therapy are more
clearly defined in DAA combination therapy.
A few recent reports suggested that serum
cholesterol level is increased soon after initiation of
sofosbuvir plus ledipasvir (SOF + LDV) therapy and
is decreased from the baseline level after treatment
[19]
failure . However, these changes were not reported
in other DAA combination regimens. Sofosbuvir is a
nucleotide analog that inhibits HCV NS5B polymerase.
Other DAAs inhibit the activities of NS3-4 HCV
protease, the NS5A HCV replication complex, or NS5B
polymerase. Changes in serum cholesterol in response
to DAA combination therapy may indicate cancellation
of the suppressive effect of HCV proliferation.
Moreover, DAA by itself may impact lipid metabolism.
In this retrospective study, longitudinal changes in
serum lipid profiles were examined in chronic HCV1b
patients who were treated with a combination of
daclatasvir and asunaprevir (DCA + ASV) or SOF +
LDV and achieved SVR. Then, the differences in serum
lipid profiles between the two regimens were clarified.

the DCV + ASV-SVR and SOF + LDV-SVR groups.
During antivirus treatment, the increases in TC and
LDL-C were significantly greater in the SOF + LDVSVR group than in the DCV + ASV-SVR group (P <
0.001). At 4 and 12 wk after the therapy, serum levels
of TC and LDL-C were similar between the two groups
and were significantly greater than those at baseline.
Approximately 75%-80% of the increase in TC was
derived from an increased LDL-C. In multiple regression
analysis, the difference in therapy protocol (DCA + ASV
or SOF + LDV) was an independent predictor that was
significantly associated with the increase in TC and
LDL-C at 4 wk of therapy.
CONCLUSION
Serum cholesterol significantly increased during SOF
+ LDV treatment. After treatment, HCV elimination
was associated with a similar increase in cholesterol
regardless of the therapy protocol.
Key words: Chronic hepatitis C; Daclatasvir; Asunaprevir;
Sofosbuvir; Ledipasvir; Total cholesterol; Low-density
lipoprotein cholesterol
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus genotype 1b (HCV1b)
infection is associated with a decrease in serum
cholesterol. However, little is known about the changes
in lipid metabolism caused by anti-HCV therapy.
Changes in serum lipid profiles were examined during
and after two types of interferon-free antiviral therapy
for chronic HCV1b infection. Total cholesterol, lowdensity lipoprotein cholesterol, and high-density
lipoprotein cholesterol levels increased post therapy
regardless of the regimen. However, the change in
cholesterol during the treatment markedly varied
according to the therapy protocol. These findings
indicated that each anti-HCV regimen had a unique
influence on lipid profiles during treatment.
Endo D, Satoh K, Shimada N, Hokari A, Aizawa Y. Impact of
interferon-free antivirus therapy on lipid profiles in patients with
chronic hepatitis C genotype 1b. World J Gastroenterol 2017;
23(13): 2355-2364 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i13/2355.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2355

INTRODUCTION
Hepatitis C virus (HCV) is one of the most harmful
[1,2]
viruses to human health . Chronic HCV infection
causes sustained inflammation of the liver, which
can progress to chronic hepatitis, liver cirrhosis, and
[3,4]
hepatocellular carcinoma . Until just a few years
ago, anti-HCV therapy was limited to interferon
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were examined at baseline and at 4 wk (4W), 8 wk,
(8W), and 12 wk (12W) during therapy. For patients in
the SOF + LDV-SVR group, 12W was the end point of
therapy. Of the patients in the DCV + ASV-SVR group,
serum lipid levels were measured at 24 wk (24W) of
treatment (the end of DCV + ASV therapy). Thereafter,
serum lipid levels of both groups were measured at 4
and 12 wk after completion of treatment (post 4 wk;
P4W, post 12 wk; P12W, respectively). P12W was set
as the endpoint of this study. Longitudinal changes in
serum lipid profiles throughout the examination period
were investigated.
In order to compare changes in serum lipids
between the DCV + ASV-SVR and SOF + LDV-SVR
groups, the value of baseline serum TC or LDL-C was
subtracted from the value of TC or LDL-C at 4W, 8W,
12W, 24W (DCV + ASV-SVR group only), P4W, and
P12W. Then, the differences between the subtracted
data expressed as ΔTC or ΔLDL-C for the DCV + ASVSVR and SOF + LDV-SVR groups were compared.
Finally, the significance of the therapy regimen on the
value of ΔTC, ΔLDL-C at 4W was determined by multiple
linear regression analysis.
As a supplemental study, longitudinal changes in
the cholesterol level of the DCV + ASV-nSVR group
patients were examined in the same manner.

MATERIALS AND METHODS
Patient population

The study cohort included 276 patients with chronic
infection with hepatitis C genotype 1b (HCV1b) who
were treated with combination IFN-free DAAs at
the Jikei University Katsushika Medical Center and
Otakanomori Hospital from October 2014 to July 2016.
Of 276 subjects, 141 were treated with DCV + ASV,
while 135 were treated with SOF + LDV. The protocol
of DCV + ASV therapy was oral administration of 60
®
mg of DCV (Daklinza , Bristol-Myers-Squibb, New
York, United States) once daily and 100 mg of ASV
®
(Sunvepra , Bristol-Myers-Squibb) twice daily for 24
wk. That of SOF + LDV was oral administration of one
®
tablet of combination drug (Harvoni , Gilead sciences,
California, United States) containing 400 mg of SOF
and 90 mg of LDV once a day for 12 wk.
The virological efficacy in the patients who com
pleted the anti-HCV therapy regimen was determined
by negativity of serum HCV RNA at 12 wk after treat
ment termination (SVR12). SVR12 was achieved
in 121 (85.8%) of 141 patients treated with DCV
+ ASV and 132 (97.8%) of 135 patients treated
with SOF + LDV. The patients who achieved SVR12
were categorized as DCV + ASV-SVR or SOF + LDVSVR group and were selected as the subjects of the
following study. In addition, 11 patients who completed
the protocol of DCV + ASV therapy but did not achieve
SVR (DCV + ASV-nSVR group) comprised the subjects
of a supplemental study.
In total, for 264 patients, lipid profiles were
examined in this study; coinfection of human immuno
deficiency virus as well as complication of hepatocellular
carcinoma or decompensated cirrhosis was not included.
A cholesterol-lowering drug was given to two patients
treated with DCV-ASV. Twenty five patients were
given oral anti-diabetic drugs for mild/moderate type
2 diabetes mellitus (13 patients treated with DCV +
ASV and 12 patients treated with SOF + LDV). History
of coronary disease was found in two patients (one
patient treated with DCV + ASV and another treated
with SOF + LDV). At the beginning of anti-HCV therapy,
hypercholesterolemia (LDL-C > 160 mg/dL) was found
in three patients (one patient in DCV + ASV and two
patients in SOF + LDV). In all 276 patients, addition or
withdrawal of drugs that potentially influence the lipid
metabolism was not performed during the study period.
The study protocol was approved by the Institutional
Review Board of the Jikei University Katsushika Medical
Center and conducted in compliance with the tenets
of the Declaration of Helsinki 2004. A written informed
consent for participation in this study was obtained from
all the patients.

Demographic data and laboratory tests

Demographic data, including sex, age, and basic
laboratory data before therapy, were collected. The
basic laboratory data included aspartate 2-oxoglutarate
aminotransferase (AST), alanine 2-oxoglutarate
aminotransferase (ALT), albumin (Alb), total bilirubin
(TB), triglycerides (TG), prothrombin time (PT),
hemoglobin (Hb), and platelet count (PLT). The
fibrosis-4 index was calculated according to the
following equation: [age (years) × AST (U/L)]/[PLT
4
1/2
(10 /µL) × 10 × ALT (U/L) ].
The quantity of HCV RNA was determined using the
®
®
®
COBAS Ampliprep/COBAS TaqMan HCV Test, v2.0
(Roche Molecular Diagnostics, Pleasanton, CA, United
States). HCV RNA was examined every 4 wk until the
endpoint of this study. The serum levels of TC and
HDL-C were directly quantified using commercial kits
(Kyowa Medex Co., Ltd., Tokyo, Japan), while LDL-C
was calculated according to the Friedewald equation.

Statistical analysis

Continuous data are expressed as means ± SD. The
2
Student’s t-test or χ test was used to compare data
between the two groups (DCV + ASV-SVR group vs
SOF + LDV-SVR group). Longitudinal changes in the
same group were compared using the paired Student’s
t-test. Furthermore, in order to clarify the importance
of the therapy regimen on ΔTC and ΔLDL-C at 4W,
significant predictors of these values at 4W were
elucidated by multiple linear regression analysis. In
the multiple regression analysis, ΔTC and ΔLDL-C at
4W were set as dependent variables, and baseline

Study design

In this retrospective study, serum lipid profiles of the
patients who achieved SVR were examined. Fasting
blood samples were collected and serum lipid profiles
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163.7 ± 33.3 and 171.1 ± 34.9 mg/dL, LDL-C levels
were 82.8 ± 27.2 and 89.2 ± 28.5 mg/dL, HDL-C
levels were 55.5 ± 18.4 and 58.7 ± 17.6 mg/dL, and
TG levels were 113.4 ± 83.0 and 112 ± 58.9 mg/dL,
respectively.

Table 1 Clinical features of the patients who achieved
sustained virologic response 12 with DCV + ASV or SOF +
LDV
Therapy regimen

DCV + ASV

SOF + LDV

121
85.8%
59:62
mean ± SD
68.4 ± 11.8
56.4 ± 39.6
51.9 ± 40.5
13.3 ± 1.7
13.9 ± 5.9
3.9 ± 0.53
0.87 ± 0.57
88.6 ± 15.6
163.7 ± 33.3
113.4 ± 83.0
82.8 ± 27.2
55.5 ± 18.4
5.9 ± 0.78
4.9 ± 3.3

132
97.7%
49:83
mean ± SD
66.7 ± 13.1
51.7 ± 33.3
46.5 ± 38.3
13.3 ± 1.7
15.5 ± 7.0
4.0 ± 0.45
0.76 ± 0.39
90.4 ± 13.7
171.1 ± 34.9
112 ± 58.9
89.2 ± 28.5
58.7 ± 17.6
5.9 ± 0.87
4.7 ± 4.0

Number
SVR 12
Gender (M:F)
Age (yr)
AST (IU/L)
ALT (IU/L)
Hb (g/dL)
Plt (104/μL)
Alb (g/dL)
T-Bil (mg/dL)
PT (%)
TC (mg/dL)
TG (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
HCV-RN A (log•IU/mL)
Fib4 index

P value

Change in serum lipid levels in DCV + ASV-SVR group

0.075

Longitudinal changes in serum TC, LDL-C, HDL-C, and
TG levels in the DCV + ASV-SVR group are shown
in Figure 1. Serum TC levels at 4W, 8W, 12W, 24W,
P4W, and P12W were 169.67 ± 30.0, 170.55 ± 32.76,
170.93 ± 31.52, 175.38 ± 30.68, 188.77 ± 33.65,
and 186.83 ± 36.7 mg/dL, respectively. TC was signifi
cantly increased throughout the observation period. A
further significant increase in TC at P4W and P12W, as
compared to that at the end of therapy, was a feature
of DCV + ASV-SVR group.
Longitudinal changes in LDL-C were similar to those
of TC. Serum LDL-C levels at 4W, 8W, 12W, 24W, P4W,
and P12W were 88.26 ± 26.7, 86.67 ± 27.56, 87.8 ±
27.08, 89.06 ± 25.47, 100.95 ± 28.33, and 101.71
± 33.87 mg/dL, respectively. Serum LDL-C markedly
increased after termination of therapy.
HDL-C levels were significantly increased throughout
the treatment period. However, no further increase after
the end of therapy was observed. The serum levels
of HDL-C at 4W, 8W, 12W, 24W, P4W, and P12W were
58.42 ± 18.24, 58.18 ± 18.12, 58.34 ± 17.41, 60.56
± 17.82, 62.11 ± 18.37, and 60.46 ± 16.97 mg/dL,
respectively. Meanwhile, there was no significant change
in serum TG levels.

0.280
0.300
0.270
0.830
< 0.05
< 0.05
0.086
0.330
0.087
0.870
0.068
0.160
0.960
0.640

DCV: Daclatasvir; ASV: Asunaprevir; SOF: Sofosbuvir; LDV: Ledipasvir;
SVR12: Sustained virologic response after 12 wk from the end of
therapy; AST: Asparate-2-oxoglutarate aminotransferase; ALT: Alanine2-oxoglutarate aminotransferase; Hb: Hemoglobin; Plt: Platelet; Alb:
Albumin; T-Bil: Total bilirubin; PT: Prothrombin time; TC: Total
cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol;
HDL-C: High-density lipoprotein cholesterol; HCV-RNA: Hepatitis C
virus ribonucleic acid; Fib4 index: Fibrosis 4 index.

laboratory data, age, sex, and therapy protocol were
designated as independent variables, with male
assigned a value of 0, female a value of 1, DCV + ASV
therapy a value of 0, and SOF + LDV therapy a value
of 1. Among the baseline laboratory data, ALT and
2
AST were strongly correlated (R = 0.77). Therefore,
AST was omitted as a candidate independent variable.
Then, the most suitable model was constructed by
step-wise selection of the independent variables.
All statistical analyses were performed using
STATISTICA software, version 6 (StatSoft Japan Inc.
Tokyo, Japan). A two-tailed probability (P) value of <
0.1 was considered as a tendency, while P values < 0.05
were considered significant. P values less than 0.05
to 0.01 were expressed as P < 0.05, less than 0.01 to
0.001 as P < 0.01, and less than 0.001 as P < 0.001.

Change in the lipid levels in SOF + LDV-SVR group

Longitudinal changes in serum TC, LDL-C, HDL-C, and
TG levels in the SOF + LDV-SVR group are shown in
Figure 2. Serum TC levels at 4W, 8W, 12W, P4W, and
P12W were 200.07 ± 36.18, 200.71 ± 39.08, 202.2 ±
35.28, 187.11 ± 35.02, and 185.57 ± 29.54 mg/dL,
respectively. A significant increase in TC was obser
ved throughout the examination period (P < 0.001).
TC was markedly increased from the early stage of
therapy, which lasted until the end of therapy. Then,
the TC level was sharply decreased after termination
of therapy (P < 0.001).
Changes in LDL-C were quite similar to those of
TC. Serum LDL-C levels at 4W, 8W, 12W, P4W, and
P12W were 112.12 ± 28.6, 111.54 ± 31.77, 111.0
± 29.38, 96.51 ± 26.55, and 99.58 ± 24.18 mg/dL,
respectively. Throughout the examination period, the
increase in LDL-C, as compared to baseline levels,
was significant (P < 0.001). Then, levels significantly
decreased after therapy, as compared to the end of
therapy (P < 0.001).
Similarly, serum HDL-C was significantly increased
throughout the examination period. Serum HDL-C
levels at 4W, 8W, 12W, P4W, and P12W were 64.35 ±
18.66, 65.47 ± 19.31, 67.91 ± 19.54, 65.19 ± 19.18,
and 63.69 ± 19.59 mg/dL, respectively. After the end
of therapy, HDL-C levels were decreased, as compared

RESULTS
Patient characteristics

Patient characteristics are shown in Table 1. The mean
patient age was 68.4 ± 11.8 years for the DCV + ASVSVR group and 66.7 ± 13.1 years for the SOF + LDVSVR group. There were 59 males (48.7%) and 62
females (51.3%) in the DCV + ASV-SVR group, and
49 males (37.1%) and 83 females (62.9%) in the SOF
+ LDV-SVR group. The female/male ratio tended to be
higher in the SOF + LDV-SVR group, but the difference
did not reach significance. In the DCV + ASV-SVR and
SOF + LDV-SVR groups, the baseline levels of TC were
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Figure 1 Longitudinal changes in serum total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglyceride during
and after the treatment in DCV + ASV-SVR group. Mean value of serum TC, LDL-C, HDL-C, and TG at baseline (0W), 4 wk (4W), 8 wk (8W), 12 wk (12W), and 24
wk (24W) of DCV + ASV treatment and 4 wk (P4W) and 12 wk (P12W) after the end of DCV + ASV treatment was plotted. Vertical line expressed the range of mean
± SD. Statistical significance from baseline was indicated at upper part of each graph. Statistical significance at P4W and P12W compared to the end of therapy was
indicated at the lower part of each graph (aP < 0.05, bP < 0.01, eP < 0.001). DCV: Daclatasvir; ASV: Asunaprevir; TC: Total cholesterol; LDL-C: Low-density lipoprotein
cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: Triglyceride.
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Figure 2 Longitudinal changes in serum total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglyceride during
and after the treatment in SOF + LDV-SVR group. Mean value of serum TC, LDL-C, HDL-C, TG at baseline (0W), 4 wk (4W), 8 wk (8W), 12 wk (12W) of SOF
+ LDV treatment and 4 wk (P4W), and 12 wk (12W) after the end of SOF + LDV treatment was plotted. Vertical line expressed the range of mean ± SD. Statistical
significance from baseline was indicated at upper part of each graph. Statistical significance at P4W and P12W compared to the end of therapy was indicated at the
lower part of each graph (bP < 0.01, eP < 0.001). SOF: Sofosbuvir; LDV: Ledipasvir; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: Highdensity lipoprotein cholesterol; TG: Triglyceride.
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Figure 3 Differences in the ΔTC (A), ΔLDL-C (B) between DCV + ASV-SVR and SOF + LDV-SVR group. The mean value of the difference from the baseline
value in TC and LDL-C was plotted. Vertical line expressed the range of mean ± SD. The difference of ΔTC and ΔLDL-C between DCV + ASV-SVR and SOF + LDVSVR group at 4 wk (4W), 8 wk (8W), and 12 wk (12W) of treatment and 4 wk (P4W) and 12 wk (12W) after the end of treatment. Statistical significance of differences
between DCV + ASV-SVR and SOF + LDV-SVR group at 4W, 8W, 12W, P4W, and P12W was expressed at the upper part of each graph (eP < 0.001). DCV + ASV:
Daclatasvir plus Asunaprevir therapy, SOF + LDV: Sofosbuvir plus Ledipasvir therapy, TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: Highdensity lipoprotein cholesterol; TG: Triglyceride.
2

to during therapy (P < 0.001). On the contrary, there
were no significant changes in serum TG levels.

corrected R in this model was 29.0% (Table 2). The
most suitable regression equation was as follows: ΔTC
at 4W (mg/mL) = 19.79 + 22.44 (therapy protocol:
DCV + ASV, 0; SOF + LDV, 1) - 0.065 ALT (IU/L) + 4.54
HCV RNA (log•IU/mL) - 9.63 albumin (g/dL).
The significant variables of LDL-C were therapy
protocol, baseline albumin, baseline TB, and baseline
2
TG. The corrected R in this model was 26.7% (Table 2).
The most suitable regression equation was as follows:
ΔLDL-C at 4W (mg/mL) = 49.38 + 17.5 (therapy
protocol: DCV + ASV, 0; SOF + LDV, 1) - 10.67 albumin
(g/dL) - 12.17 TB (mg/mL) + 0.063 TG (mg/mL).

Differences in the changes in serum cholesterol between
the DCV + ASV-SVR and SOF + LDV-SVR groups

In the DCV + ASV-SVR group, ΔTC values at 4W, 8W,
12W, 24W, P4W, and P12W were 6.03 ± 20.59, 6.12 ±
20.55, 6.07 ± 23.79, 10.11 ± 27.79, 21.73 ± 27.47,
and 22.01 ± 29.76 mg/dL, respectively. In the SOF
+ LDV-SVR group, ΔTC values at 4W, 8W, 12W, P4W,
and P12W were 27.37 ± 18.59, 29.36 ± 19.9, 29.5
± 22.35, 19.43 ± 25.17, and 18.52 ± 25.9 mg/dL,
respectively. ΔTC was constantly higher in the SOF +
LDV-SVR group than in the DCV + ASV-SVR group
during treatment. At the time of therapy termination,
ΔTC was still significantly higher in SOF + LDV-SVR
group (P < 0.001), whereas post-treatment ΔTC
values were similar between the groups (Figure 3A).
The ΔLDL-C values in the DCV + ASV-SVR group at
4W, 8W, 12W, 24W, P4W, and P12W were 5.5 ± 18.73,
4.05 ± 19.49, 4.08 ± 21.85, 4.44 ± 23.66, 14.82
± 25.39, and 16.79 ± 28.51 mg/dL, respectively. In
the SOF + LDV-SVR group, the ΔLDL-C values at 4W,
8W, 12W, P4W, and P12W were 21.76 ± 20.37, 22.03
± 20.25, 23.09 ± 22.1, 13.41 ± 22.25, and 15.1
± 21.43 mg/dL, respectively. The increase in LDL-C
during treatment was significantly greater in the SOF
+ LDV-SVR group than in the DCV + ASV-SVR group.
At the time of therapy termination, ΔLDL-C in SOF
+ LDV-SVR group was still significantly higher than
that in DCV + ASV-SVR group (P < 0.001). However,
the increase in LDL-C after the end of treatment was
similar between the groups (Figure 3B).

Longitudinal changes in TC and LDL-C in DCV + ASVnSVR group

There were four males and seven females in this
group. The age, HCV RNA, TC, and LDL-C in this group
were 71.7 ± 7.0 years, 6.6 ± 0.27 log•IU/mL, 172.2 ±
21.1 mg/dL and 91.6 ± 18.5 mg/dL, respectively.
In all the patients, serum HCV RNA disappeared
till 8W of therapy, and negativity of serum HCV RNA
persisted till the end of therapy except in two patients
in whom HCV RNA reappeared at 20W of therapy. The
serum TC levels at 4W, 8W, 12W, 24W, P4W, and P12W
were 179.1 ± 17.73, 177.27 ± 16.76, 170.91 ± 17.6,
175.27 ± 23.56, 189.82 ± 14.63 and 176.18 ± 22.4
mg/dL, respectively. Significant changes in TC levels
were not observed except for a transient increase at
P4W (P = 0.021). Serum LDL-C levels at 4W, 8W, 12W,
24W, P4W, and P12W were 97.55 ± 16.97, 92.6 ±
22.49, 85.75 ± 17.02, 89.84 ± 19.58, 104.82 ± 18.01
and 93.65 ± 18.89 mg/dL, respectively. Although
significant changes in LDL-C levels were not observed,
LDL-C tended to increase transiently at P4W (Figure 4).

Detection of the factors affecting the change in TC,
LDL-C at 4 wk of therapy by multiple linear regression
analysis

DISCUSSION

The independent factors significantly affecting ΔTC
at 4W were therapy protocol, baseline ALT, baseline
quantity of HCV RNA, and baseline albumin. The
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In this study, we observed the impact of IFN-free
antiviral regimens on lipid metabolism as indicated by
changes in serum cholesterol in patients with chronic
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Figure 4 Longitudinal changes in serum total cholesterol and low-density lipoprotein cholesterol during and after the treatment in DCV + ASV-nSVR
group. Mean value of serum TC and LDL-C at baseline (0W), 4 wk (4W), 8 wk (8W), 12 wk (12W), and 24 wk (24W) of DCV + ASV treatment and 4 wk (P4W) and 12
wk (P12W) after the end of DCV + ASV treatment was plotted. Vertical line expressed the range of mean ± SD. Statistical significance from baseline was indicated at
upper part of each graph (aP < 0.05). DCV: Daclatasvir; ASV: Asunaprevir; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol.

this situation is considered to be primarily caused by
an increase in LDL-C.
Meanwhile, the increases in cholesterol levels
during treatment were dependent on the treatment
[22]
regimen . Although the increases in TC and LDL-C
levels were features of both DCV + ASV and SOF +
LDV treatment, the increase in cholesterol during
treatment was much greater in the SOF + LDV-SVR
[22]
group than in the DCV + ASV-SVR group . The
differences in the increase in cholesterol between
DCV + ASV-SVR and SOF + LDV-SVR groups may
not be simply explained by cancellation of disturbed
lipid metabolism caused by HCV. In our patients, rapid
virological response (no serum HCV RNA detected)
rate at 4W was 89.3% in the DCV + ASV-SVR group
and 87.9% in the SOF + LDV-SVR group. There was
no difference in the rapid virological response rate
between groups. Serum HCV RNA at 8W was not
detected in any of the patients. Moreover, at the time
of therapy termination, when HCV was completely
abolished from hepatocytes, serum cholesterol
remained significantly higher in SOF + LDV-SVR group.
Therefore, the difference in anti-viral efficacy between
the two regimens was not likely to be involved in the
extent of the increase in serum cholesterol.
Interestingly, the behavior of serum cholesterol
differed between the SOF + LDV-SVR and DCV + ASVSVR groups. The increases in TC and LDL-C levels
were slight during the therapy in the DCV + ASV-SVR
group. Then, further increases in TC and LDL-C levels
were observed after therapy termination at P4W and
P12W. This finding suggested that DCV + ASV therapy
somewhat inhibited the increase in serum cholesterol.
In contrast, TC and LDL-C levels were greatly in
creased from the early stage of SOF + LDV therapy till
the end of treatment. Thereafter, TC and LDL-C levels
rapidly decreased. Therefore, SOF-LDV is believed
to accelerate the increase in serum cholesterol. After
therapy termination, similar degree of increase in
cholesterol was observed regardless of the DAA
regimen.
These findings suggested that elimination of HCV

Table 2 Significant factors independently contribute to ΔTC,
ΔLDL-C at 4 wk of therapy

ΔTC at 4W
Constant
Therapy protocol
(DCV + ASV: 0, SOF + LDV:1)
ALT
HCV-RNA
Alb
ΔLDL-C at 4W
Constant
Therapy protocol
(DCV + ASV: 0, SOF + LDV:1)
Alb
T-Bil
TG

B

SE

P value

19.79
22.44

12.10
2.45

0.103
< 0.001

-0.065
4.540
-9.630

0.03
1.50
2.53

0.033
0.003
< 0.001

49.38
17.5

11.32
2.40

< 0.001
< 0.001

-10.67
-12.17
0.063

2.68
2.82
0.016

< 0.001
< 0.001
< 0.001

Choice of therapy protocol (DCA-ASV or SOF + LDV) was commonly
selected as an independent predictor significantly associated with ΔTC,
ΔLDL-C at 4 wk of therapy. TC: Total cholesterol; TG: Triglyceride; LDL-C:
Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein
cholesterol; ALT: Alanine-2-oxoglutarate aminotransferase; HCV-RNA:
Hepatitis C virus ribonucleic acid; Alb: Albumin; T.Bil: Total bilirubin; PT:
Prothrombin time.

HCV1b infection. Comparisons of serum lipid profiles
after treatment showed similar increases in TC and
LDL-C levels between the DCV + ASV-SVR and SOF
+ LDV-SVR groups. The increase in TC at P12W
was 22.01 mg/dL in the DCV + ASV-SVR group and
18.52 mg/dL in the SOF + LDV-SVR group. Similar
increases in TC levels of patients who achieved SVR
[16-18]
with IFN-based therapy were reported
. Thus,
an increase in TC of about 20 mg/dL was considered
to be derived by clearance of HCV, regardless of
[16-18]
the therapy regimen
. It is well known that lipid
[20,21]
metabolism is disrupted by chronic HCV infection
.
Therefore, cancellation of the suppressive effect of
chronic HCV infection on lipid metabolism may have
[16-18]
brought about the increase in TC of 20 mg/dL
.
Additionally, these data indicated LDL-C was the major
contributor (75%-80%) to the increase in TC. This
finding suggested that the increase in cholesterol in
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was not the sole factor contributing to the changes in
serum cholesterol during DAA therapy. Instead, DAAs
by themselves may have pharmacological actions
[22]
on lipid metabolism . This hypothesis that DAAs
have pharmacological effects on lipid metabolism was
strengthened by the changes in the serum cholesterol
in DCV + ASV-nSVR group. In this group, serum
cholesterol did not increase during the therapy, but it
transiently increased at P4W. The behavior of serum
cholesterol in this group differed from that in DCV +
ASV-SVR group. This finding further suggested that
DCV + ASV therapy suppressed the increase in serum
cholesterol during therapy because transient increase
in cholesterol was evoked despite replication of
activated HCV after removal of DCV + ASV. However,
relatively small number of patients in the DCV + ASVnSVR group may limit the value of this supplemental
study.
Using multiple linear regression analysis of factors
contributing to the degree of the increase in TC and
LDL-C levels at 4W of therapy, the choice of therapy
regimen was elucidated as a strong contributing
factor to the increase in TC and LDL-C levels. Thus,
selection of the therapy regimen had a deep impact
on the change in serum cholesterol during anti-HCV
treatment. As mentioned above, the therapy regimen
(DCV + ASV vs SOF + LDV) was not associated with
the difference in final virological efficacy in these
patients because we selected only the SVR patients
in this retrospective study. From this finding, we
concluded that SOF + LDV therapy strongly induced an
increase in serum cholesterol, especially LDL-C, while
the pharmacological effect of DCV + ASV may result in
a suppression of increase in serum cholesterol. In this
study, no further change in cholesterol was observed
in the mid or late stage of SOF + LDV or DCV + ASV
therapy. This finding may indicate that there was
a limitation of SOF + LDV or DCV + ASV action on
serum cholesterol.
Although the mechanisms underlying the opposite
effects of SOF + LDV and DCV + ASV on serum
cholesterol levels remain unclear, there is a difference
in the inhibitory manner on HCV proliferation. Both
[23,24]
DCV and LDV are inhibitors of the NS5A protein
;
[25]
ASV is an inhibitor of the NS3/4A protease , while
SOF is a nucleotide analog that inhibits the activity of
[26,27]
NS5B polymerase
, which might affect the viral
kinetics during the very early phase of treatment in
different way. In addition, the potency of each drug
exerts different inhibitory effects. SOF has been used
as a backbone in many regimens and has shown to
be stronger in viral inhibition. Therefore, SOF-LDV had
shorter treatment time with better efficacy.
The viral kinetic of DCV was biphasic, with decline
phase of HCV starting from the first 12 h of the
treatment. In the second phase, decline of HCV slowed
[28]
down . However, more prominent suppression of
HCV could be expected at 2 d of therapy in SOFcombination. Thus, the potency of SOF could rapidly
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eradicate HCV. This may be related to prominent
increase in the cholesterol in SOF + LDV therapy
because with earlier viral reduction, a better reduction
of hepatic inflammation could be seen in SOF based
[29,30]
combination therapy
. As cholesterol is an indicator
of liver function, cholesterol levels were decreased in
HCV-related chronic hepatitis. Therefore, the more
prominent increase in serum cholesterol in the SOF +
LDV-SVR group might represent faster improvement
in liver pathology or inflammation in the SOF + LDVSVR group than in the DCV + ASV-SVR group. This
hypothesis is particularly well applied for the differences
in the cholesterol between the early stage of SOF + LDV
and DCV + ASV therapy.
However, increase in cholesterol was still signi
ficantly higher at the time of therapy termination in
the SOF + LDV-SVR group than in the DCV + ASV-SVR
group. In addition, using this mechanism, it might be
difficult to explain the transient elevation in cholesterol
shortly after the therapy termination in the DCV +
ASV-nSVR group. These findings suggested that there
might be novel pharmacological effects of DAAs on
the cholesterol metabolism. This issue remains to be
solved in the future.
[22]
Hashimoto et al
recently examined factors af
fecting the increase in LDL-C in the early stage of DCV
+ ASV or SOF + LDV treatment and reported that
factors promoting an increase in LDL-C of 25 mg/dL or
more at 4 wk of therapy were therapy regimen (SOF
+ LDV) and change in the quantity of the HCV core
antigen. The greater the decrease in the amount of
HCV core antigen, the greater the increase in LDL-C.
In the present study, factors promoting an increase
in TC at 4W were therapy regimen (SOF + LDV) and
baseline quantity of HCV RNA. As HCV RNA was not
detected in the majority of patients, the decrease in
HCV RNA at 4W was approximately the same as the
baseline quantity of HCV RNA. Therefore, our data
was quite similar to those reported by Hashimoto
[22]
et al . However, factors positively affecting the
increase in LDL-C were therapy regimen (SOF + LDV)
and baseline TG, but not baseline quantity of HCV
RNA. The difference between the precedent study
and our study may be due to differences in patient
classification, methods to quantify HCV activity, or
the statistical methods used to evaluate the factors
affecting the increase in LDL-C.
In summary, the increase in serum cholesterol
was different between the SOF + LDV and DCV +
ASV therapies. SOF + LDV therapy strongly increased
cholesterol, while DCV + ASV may have suppressive
effect on increase in cholesterol. The potency of
eradication of HCV with SOF + LDV may be associated
with more prominent increase in cholesterol during
treatment. In addition, SOF + LDV or DCV + ASV
therapy might have its own pharmacological effects
on serum cholesterol during the process of HCV
eradication. In order to clarify the mechanisms of
DAAs in serum cholesterol, further investigations are
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required.
In conclusion, SOF + LDV and DCV + ASV therapies
had different influences on serum cholesterol levels.
7
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Abstract
AIM
To develop a locally adapted, patient-focused transitionprogram, we evaluated the perceptions of adult and
adolescent patients and parents regarding transitionprograms and transfer.

Informed consent statement: Patients and Parents received an
information letter with the questionnaire. The also informed them
about the scientific analysis that would be performed on provided
responses. The patients and parents have responded freely to the
questionnaire. As a result of an anonymous analysis of clinical
data, Patients and Parents were not required to provide informed
consent to participate in the study.

METHODS
We evaluated these perceptions by analyzing the
responses of pre-transfer adolescents (n = 57), their
parents (n = 57) and post-transfer adults (n = 138)
from a cohort of pediatric-liver-transplant-patients
using a self-designed questionnaire. Furthermore, we
compared a responder group with a non-responder
group as well as the provided answers with baseline
characteristics and clinical outcomes to exclude
selection bias, characterize high-risk patients for nonadherence and test for gender differences. Included
in our study were all pre-transfer liver transplant and
combined liver-kidney transplant recipients aged 11-19
currently under our care and their parents, as well as
all post-transfer liver transplant and combined liverkidney transplant recipients aged ≥ 17 years who had
received a liver transplant and were treated at our
center during childhood.
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RESULTS
Fifty-seven (24 female) pre-transfer patients who
received a transplant in the previous 8-186 mo (mean
93.9 mo, median 92 mo, SD 53.8 mo) and 138 (57
female) post-transfer patients who received a transplant
in the preceding 2-29 years (mean 15.6 years, median
17, SD 6.90) met the inclusion criteria. A total of 67%
of pre-transfer patients (71% of female; 64% of male;
P = 0.78) and their parents replied. Additionally, 54% of
post-transfer patients (26% of female; 48% of male; P
= 0.01) replied. No differences in clinical outcomes were
observed between the responder and non-responder
groups, and responses did not differ significantly based
on clinical complication rates, although they did differ
based on gender and the location of medical follow-up
after transfer. Adolescents were generally ambivalent
toward transition programs. However, adults strongly
supported transition programs.

improvements have led to the enormous success of
pediatric liver transplantation with 10-year survival
rates greater than 90%. Therefore, more children
experience transfer from pediatric to adult health
services. Due to this achievement, long-term problems,
the psychological and social aspects of care, the quality
of the patient’s life, and non-adherence to treatment
have become more important. Non-adherence can
lead to increased rates of hospitalization, graft loss
and death and is well documented following pediatric
[1-3]
liver transplant . Since adolescence is a potentially
[4]
risky period , this developmental period is challenging
for all concerned - young people, parents and health
professionals - and lends itself to a high risk for
non-adherence in chronic diseases. Internal and
external factors can influence adolescents during this
developmental period and can create behaviors that
lead to adherence or non-adherence. Furthermore,
a change in healthcare provider that results from
a transfer has a direct and strong influence on ad
herence. Therefore, a broad professional consensus
exists regarding the need to prepare young people
with chronic health conditions (including those patients
with solid organ transplants) to enter adulthood with
[5-8]
comprehensive self-management skills
that will
theoretically improve psychological and social attributes
as well as the quality of life for these patients. The
process of transitioning from childhood to adulthood,
which includes developmental aspects, self-reliance
and understanding one’s own disease and medications,
is known as transition and should not be confused
with the term transfer, since transfer only describes
the change in health care provider (from a pediatric
clinic to an adult clinic). The American Academy of
Pediatrics recommends a necessary process that
includes a transition plan that should be implemented
[9]
[10]
as early as 12 years of age . In 2015, Suris et al
described the international consensus regarding the
key points for a successful transition. Few pediatric
liver transplant centers have adopted this approach
[6,11]
and developed formal transition programs
. To
facilitate the rapid and smooth introduction of a local
transition program, we adopted and introduced a
successfully pre-established transition program from a
United Kingdom transplant center that was developed
for adolescent liver transplant recipients ≥ 12 years
of age, which fulfilled most of the previously identified
key factors for successful transition (Table 1). This
model was intended to be used as a template for the
reproduction of successful elements while avoiding the
de novo development of a specific local liver transplant
transition plan for our center.
We hypothesized that key elements from an
existing transition program could be implemented
in order to save time and resources. We intended
to adapt and implement a local, highly effective
patient- and resilience-oriented transition program
for young people who received a liver transplant.

CONCLUSION
Transition programs need to be developed in close
collaboration with adolescents. The best clinical
practices regarding transition should respect local
circumstances, gender and the location of post-transfer
medical follow-up.
Key words: pediatric liver transplant; transfer; transition;
non-adherence; gender differences
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a retrospective study that evaluated
the perceptions of adult and adolescent patients
and their parents for transition programs as well as
for the completed transition and transfer process.
Furthermore, we compared a responder group with a
non-responder group as well as the provided answers
with baseline characteristics and clinical outcomes to
exclude selection bias, characterize high-risk patients
for non-adherence and test for gender differences. No
differences in clinical outcomes were observed between
the responder and non-responder groups. Responses
differed significantly based on gender and the location
of medical follow-up post-transfer. Adolescents were
ambivalent toward transition programs. Adults strongly
support them.
Junge N, Migal K, Goldschmidt I, Baumann U. Transition after
pediatric liver transplantation - Perceptions of adults, adolescents
and parents. World J Gastroenterol 2017; 23(13): 2365-2375
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i13/2365.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i13.2365

INTRODUCTION
In recent years, substantial medical and surgical
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Table 1 Key components of transition program
Organization/structure of
outpatient appointments,
support peer group
formation
Support peer group
formation
Education
Transfer

Dedicated liaison with a transfer-accompanying youth worker and clinical nurse specialist, working in both pediatric and
adult services, for continuity and for the provision of specific information to the adolescent during transfer
Joint outpatient clinics between adult and adolescent clinics
“Parent-free portions” of outpatient appointments
Adolescent-focused consultation sessions to provide information
Encouragement of networking among adolescents by offering additional non-medical programs during transition clinics
Dedicated days in the ambulatory outpatient clinic for adolescents
Seminars for education and networking outside the clinic
Staggered transfer into adult medical care

Therefore, the aim of this study was to evaluate this
adapted approach and test our hypothesis using
a questionnaire that evaluated the perceptions of
both patients and parents regarding elements of the
established transition program that was adapted from
the United Kingdom Liver Unit. We aimed to support
this evaluation with an analysis of clinical outcome
variables and a comparison of the incidence of adverse
events, such as acute cellular rejection between
responders and non-responders, to avoid bias resulting
from patients in the non-responder group who may be
at a higher risk for non-adherence. Furthermore, we
attempted to identify patients at a high risk for nonadherence by correlating their clinical outcome to the
answers provided on their questionnaire.

and combined liver-kidney transplant recipients aged
11-19 years (cohort 1a, adolescents) currently under
our care and their parents (cohort 1b). Our aim was
to face the challenges in discrepancies that existed
between parent and patient self-reporting. For the
second group, all post-transfer liver transplant and
combined liver-kidney transplant recipients aged ≥
17 years who had received a liver transplant and were
treated at our center during childhood were included
(cohort 2, adults). Post-transfer (adult) patients were
asked to evaluate some of the statements in the
questionnaire twice, first from their current perspective
[cohort 2b (cp)] and second from the perspective of
their previous adolescent pre-transfer [cohort 2a (pp)].
In the first analysis, we searched for potential sources
of bias and compared the baseline characteristics
and outcome variables of responders to those of nonresponders. Baseline characteristics and medical data
were gathered by retrospective case review for all
patients who met the inclusion criteria.
Statistical analysis was performed using IBM SPSS
(versions 22 and 23). Baseline characteristics and
medical data were compared between groups using
Mann-Whitney U tests, and further statistical analyses
were conducted using Kruskal-Wallis and Fisher’s exact
tests.

MATERIALS AND METHODS
To test our hypothesis, we designed a pilot study to
evaluate a purpose-built single-center survey in the
format of a 9-item questionnaire that was built around
statements regarding the newly proposed transition
program. These statements were derived from
key elements of the established transition pathway
and addressed factors such as the introduction of
a designated outpatient clinic for adolescents, time
for one-on-one medical consultation, opportunities
for networking between adolescents, and additional
counseling time for psychosocial screening, which
included health-risk behaviors, sexual and reproductive
health issues and professional development (Table 2).
The questionnaire was sent to young people with liver
grafts before transfer (patients), their parents, and
adults with liver grafts post-transfer to assess opinions
on the transition program and seek their individual
interest in and acceptance of the proposed statements.
The questionnaire was modified for each specific
group of recipients (Table 2) and was distributed in
our clinic or sent by letter with a free-return envelope.
Participants replied to the questionnaire in written form
on the questionnaire sheet. Non-responders received
two telephone reminders from a doctor known to the
patient and family. With the exception of patients with
significantly impaired cognitive function, the inclusion
criteria for the two groups of patients were defined as
follows: except for patients with significantly impaired
cognitive function, all pre-transfer liver transplant
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RESULTS
In the pre-transfer group (adolescents and parents),
57 patients (24 female) met the inclusion criteria
and were offered participation in the survey. The
median age at the time of the survey was 14 years
(12-19 years; SD 2.092), and the median age at liver
transplantation was 6.9 years (4.8 mo-17.9 years;
SD 58.28 mo). Patients received follow-up over a
period of 8-186 mo (mean 93.9 mo, median 92 mo,
SD 53.8 mo) after liver transplantation. Four patients
underwent re-transplantation and one patient received
3 liver transplants before completing the survey.
Patients had the following diagnoses: biliary atresia
(BA) n = 26 (45.6%), acute liver failure (ALF) n =
7 (12.3%), other conditions n = 6 (10.5%), Cystic
Fibrosis-associated liver disease (CFLD) n = 5 (8.8%),
progressive familial intrahepatic cholestasis (PFIC)
n = 4 (7%), autosomal recessive polycystic kidney
disease (ARPKD) n = 4 (7%), autoimmune hepatitis
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Table 2 Overview of questionnaire content

Q1

Q2

Q3

Q4

Q5

Q6
Q7

Q8
Q9
Q10

Q11
Q12
Q13

Q14
Q15
Q16

Q17
Q18
Q19
Q20

Q21

Patients under the age of 18 yr
(cohort 1a)

Parents (cohort 1b)

Adults (Patients > 18 yr)
anticipated retrospective pretransfer opinion (cohort 2a)

Adults (Patients > 18 yr) current
opinion (cohort 2b)

I would appreciate more intense
support during transfer1

I would appreciate more intense
support during transfer1

I would have appreciated more
intense support during transfer1

I would appreciate more intense
support for liver-transplanted
adolescents during transfer1
ND

I appreciate the transition program, I appreciate the transition program,
I would have appreciated the
but I prefer to choose a day for an but I prefer to choose a day for an
transition program, but I would
outpatient appointment instead
outpatient appointment instead
have preferred to choose a day for
of having special “adolescent
of having special “adolescent
an outpatient appointment instead
outpatient clinic days”1
outpatient clinic days”1
of having special “adolescent
outpatient clinic days”1
I appreciate the transition program, I appreciate the transition program,
I would have appreciated the
I do not think that it is beneficial or
but I do not want to talk to the
but I do not want my child to talk
transition program, but I would
important for adolescents to have
doctor on my own1
to the doctor on his/her own1
have not wanted to talk to the
time to talk to the doctor alone or
doctor on my own1
without their parents1
I appreciate the transition program, I appreciate the transition program,
ND
ND
but I do not want to stay after my but I do not want my child to stay
outpatient clinic appointment for
after his/her outpatient clinic
collaborative activities1
appointment for collaborative
activities1
I have no interest in education or
I have no interest in education or
I would have had no interest in
I do not think that education or
transition programs1
transition programs1
education or transition programs1 transition programs are important
for adolescents after liver
transplantation1
At what age should a transition
At what age should a transition
At what age should a transition
At what age should a transition
program should start?2
program start?2
program start?2
program start?2
I would prefer to have seminars
I would prefer to have seminars
ND
ND
and educational programs outside and educational programs outside
the clinic1
the clinic1
I appreciate the transition program, I appreciate the transition program, I appreciate the transition program, I appreciate the transition program,
but….3
but….3
but….3
but…3
I have further suggestions for a
I have further suggestions for a
I have further suggestions for a
I have further suggestions for a
transition program…3
transition program…3
transition program…3
transition program…3
ND
ND
ND
How important is a multidisciplinary team in the adult
outpatient clinic?4
ND
ND
ND
A transition program can impair
the development of autonomy1
ND
ND
ND
I was well informed about my
disease and my health at transfer1
ND
ND
ND
I would have liked to have had
more information about my disease
and my health at transfer1
ND
ND
ND
How helpful would a social worker
be to assist in the transfer process?4
ND
ND
ND
How would you rate your
completed transfer?5
ND
ND
ND
How helpful would it have been if
there was a joint outpatient clinic
with pediatric and adult medicine?4
ND
ND
ND
A transition program would have
influenced my professional career1
ND
ND
How anxious did you feel due to
the transfer process?4
ND
ND
ND
I would have liked to decide the
transfer age on my own1
ND
ND
ND
Which person(s) were the most
important for you during your
transfer?
ND
ND
ND
Which topics were the most
important for you during transfer?

1

1 = I agree, 2 = I mostly agree, 3 = neither, 4 = I mostly disagree, 5 = I disagree; 2Age in years; 3Open question; 41 = very, 2 = a little, 3 = neither, 4 = rather
not, 5 = absolutely not; 51 = excellent, 2 = good, 3 = satisfactory, 4 = sufficient, 5 = insufficient. ND: Not determined.
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Table 3 Characteristics of patients and responders vs non-responders n (%)
Adults (post-transfer), [n = 138 (F/M = 57/81),
median age: 24.6 yr]
n
Female
Male
Survey-age (yr), mean ± SD
OLT-age (yr), mean ± SD
OLT-survey (yr), mean ± SD
BPAR, mean ± SD
BPAR outpatient, mean ± SD
#OLT, mean ± SD
Re-OLT outpatient, mean ± SD
LDLT
ALV
“In-Center-Transfer”
Chronic rejection

Responder

Non-responder

54 (39)
15 (26)
39 (48)
25.6 ± 5.70
8.3 ± 5.60
16.8 ± 6.88
1.02 ± 0.83
0.51 ± 0.68
1.37 ± 0.57
ND
0
7 (13)
30 (61)
6 (5)

84 (61)
42 (74)
42 (52)
24.1 ± 5.22
8.6 ± 5.22
14.9 ± 6.82
1.04 ± 1.20
0.64 ± 1.11
1.29 ± 0.51
ND
0
10 (7)
32 (44)
10 (8)

P value
0.012
0.121
0.801
0.111
0.481
0.751
0.271
ND
ND
> 0.92
0.042
0.822

Adolescents (pre-transfer), [n = 57 (F/M = 24/33),
median age: 14.7 yr]
Responder

Non-responder

38 (67)
17 (71)
21 (64)
14.7 ± 2.14
7.5 ± 5.25
7.2 ± 4.88
0.84 ± 0.82
0.55 ± 0.72
1.16 ± 0.50
0.11 ± 0.31
6 (16)
5 (13)
ND
0

19 (33)
7 (29)
12 (36)
14.8 ± 2.04
6.0 ± 3.90
8.9 ± 3.44
0.42 ± 0.61
0.37 ± 0.60
1.21 ± 0.54
0.16 ± 0.50
1 (5)
2 (11)
ND
0

P value
0.782
0.881
0.301
0.211
0.061
0.341
0.811
0.951
0.412
> 0.92
ND
ND

1

Mann-Whitney U test, 2-sided; 2Exacter-Fisher’s exact test, 2-sided. Survey-age: Age at day of responding the survey; OLT-age: Age at orthotopic liver
transplantation; OLT-survey: Years between liver transplantation and survey; BPAR: Biopsy proven acute rejection, median amount per patient; BPAR
outpatient: BPAR after first discharge after OLT; #OLT: Average number of liver transplantations per patient; Re-OLT outpatient: Amount of Re-OLT after
first discharge from hospital-stay for first OLT; LDLT: Total number of living donor liver transplantations and the percentage within the responder or
non-responder group; ALV: Number of acute live failures and the percentage within the responder or non-responder group; In-Center-Transfer: Patients
transferred from the pediatric to adult clinic within Hannover Medical School in each group and percentage within the corresponding group; ND: Not
determined.

replied to the questionnaire.

(AIH) n = 2 (3.5%), α-1-antitrypsin deficiency (A1ATD)
n = 2 (3.5%) and Alagille Syndrome n = 1 (1.8%).
Retrospective case note review identified 38 liver
biopsy-proven acute rejection (BPAR) observed in 28
patients in this group.
The parents (n = 57) of all patients in this group
were contacted and asked to participate in the
questionnaire adapted for parents as shown in Table 2.
Of the pre-transfer group, 38 families (67%) had
one patient and one parent each who responded to the
survey. All responses that were received were paired,
and no single patient or parent response was received.
For the post-transfer group (adults), all surviving
patients who had received a liver transplant during
childhood at our institution and who had a current
postal address were identified irrespective of their
current age. The questionnaire was sent to 138 patients
(57 female). The median age of survey respondents
was 23.5 years (17-41 years; SD 5.44). The median
age at liver transplantation was 9 years (0-17 years;
SD 5.36). Patients received follow-up over a period of
2-29 years (mean 15.6 years, median 17, SD 6.90)
after liver transplantation. Underlying diagnoses that
led to the indication for liver transplantation included
BA n = 36 (26.8%), other conditions n = 24 (17.4%),
PFIC n = 16 (11.6%), Alagille Syndrome n = 12 (8,7%),
suspected malignant liver tumor n = 11 (8%), A1ATD
n = 8 (5.8%), CFLD n = 7 (5.1%), AIH n = 5 (3.6%),
Crigler Najjar Syndrome n = 4 (2.9%), primary
sclerosing cholangitis n = 4 (2.9%), Wilson’s Disease
n = 4 (2.9%), primary hyperoxaluria n = 3 (2.2%),
ARPKD n = 2 (1.5%), and chronic hepatitis B/C n = 2
(1.5%).
Of the post-transfer group, 54 patients (39.1%)
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Comparing baseline characteristics in the responder vs
non-responder groups

The responder rate in the pre-transfer group (67%,
n = 38) was higher than that in the post-transfer
group (39%, n = 54). The only difference between the
responder and non-responder cohorts was detected in
the post-transfer group. In this group, significantly fewer
women replied. Of the 57 women included, 15 (26.3%)
replied, and 39 out of 81 males replied (48.1%); P =
0.01. With respect to clinical complication rate, age,
diagnosis and time of diagnosis, the responder and nonresponder groups were identical (Table 3). This analysis
confirmed that the responses were representative
of both patient cohorts. Furthermore, we tested for
differences between responders and non-responders
(adolescents and adults) based on gender, age at liver
transplant, time between liver transplantation and
questionnaire, BPARs, the number of re-transplantations
and the diagnosis of acute liver failure as a reason
for transplantation, but there were no significant
differences.

Evaluation of responses

In Table 4, the mean answers provided by each cohort
for questions [Q]1-7 are displayed. Q1, 3, 5 and 6
were posed to all cohorts, and Q2 was posed to all
cohorts except for cohort 2b (the current perspective
of post-transfer patients).

Parents vs adolescents

Except for question one [Q1], adolescents and parents
did not differ significantly in their general views and
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Table 4 Answers to questions asked equally to adolescents, parents and adults
cohort 1a
cohort 1b
mean answer (parents)
(SD), n =
mean
38
answer
(SD),
n = 38
Q 1 “appreciate more intense
2.111 (1.37) 1.421 (0.98)
support during transfer”
Q2 “no special adolescent
2.471 (1.56) 2.421 (1.64)
outpatient clinic days”
Q3 “no patient-doctor alone
2.161 (1.42) 2.681 (1.66)
(parent-free) time”
Q4 “no collaborative activities
2.031 (1.40) 2.291 (1.45)
after the outpatient appointment”
Q5 “no interest in education or
3.551 (1.54) 4.131 (1.23)
transition programs”
Q6 “transition program starting 14.082 (2.22) 13.872 (2.22)
age”
Q7 “prefer seminars outside the e 3.031 (1.40) 2.951 (1.53)
clinic”

P value

cohort 2a P value P value cohort 2b P value
P value
P value
cohort (pp) mean cohort 2a cohort
(cp) mean cohort 2b cohort 2b cohort 2b
1a vs 1b
answer
(pp) vs
2a (pp)
answer
(cp) vs 1a (cp) vs 1b (cp) vs 2a
(SD),
1a
vs 1b
(SD),
(parents)
n = 54
(parents) n = 54
0.01

2.151 (0.91)

NS

1.541 (1.19)

0.040

NS

0.001

NS

3.411 (1.66)

0.002

0.010

-

--

-

--

NS

2.911 (1.62)

0.030

NS

3.631 (1.25)

0.001

0.010

0.006

NS

-

-

-

-

-

-

-

NS

2.721 (1.34)

0.005

< 0.001

4.191 (0.91)

NS

NS

0.001

NS

15.442 (2.01)

0.003

0.010

15.092 (1.95)

0.040

0.012

0.010

NS

-

-

-

-

-

-

< 0.001

-

1

1 = I agree, 2 = I mostly agree, 3 = neither, 4 = I mostly disagree, 5 = I disagree; 2Mean age in years (standard deviation). Cohort 1a: Pre-transfer patients;
Cohort 1b: Parents of pre-transfer patients; Cohort 2a (pp): Post-transfer patients from their past adolescent perspective pre-transfer; Cohort 2b (cp): Posttransfer patients from current perspective; NS: Not significant (P > 0.05), P values were calculated using Mann-Whitney U tests.

transfer, current perspective adult group (cohort 2b),
which was significantly more than in the parent group.
The previous-perspective adult group (cohort 2a)
differed significantly from cohort 2b (cp) on all points
and showed a mixed representation when compared
to cohorts 1a and 1b. Disinterest in the transition
program or additional education was highest in cohort
2a. Medical providers that saw patients for a portion of
the visit without their parents were the most accepted
by cohort 2b (cp) and least accepted by adolescents
(1a). All results are shown in table 4. Regarding the
best age for starting a transition program, the opinions
ranged widely and every group differed significantly
(Figure 1).

18.00

Age in years

16.00
14.00
12.00
10.00
8.00
Adolescents

Parents

Adult
Adults
''current ''adolescents
perspective'' perspective''

Cohort

Post transfer questions

Figure 1 Bo x plots for the suggested starting age of a transition program
for each cohort (Answer to the question: “At what age should a transition
program start?”). P values were calculated using Mann-Whitney U tests.

Some additional questions that evaluated previous
transfer experiences and proposals for new transition
programs were only posed to the post-transfer patients
(adults, cohort 2b) (Table 5). Their answers showed
that adult liver-transplant patients considered a
multidisciplinary team, an accompanying social worker
and a joint (pediatrician and adult-care specialist)
outpatient clinic as important and helpful factors in the
transfer process. They did not believe that a transition
program would prevent the development of patient
autonomy. Even though these patients had transferred
to an adult clinic without a transition program, they
mostly felt generally well-informed (Q12). On the
other hand, they would have preferred to receive more
information about their disease and overall health
during their transfer period (Q13). They did not believe
that a transition program would have influenced their
professional career; they rated their transfer (without a
transition program) as satisfactory (grade “C”) and felt

stated that they would appreciate the support pro
vided by a transition program. However, the parents
appreciated the support during transfer significantly
more than did the adolescents. In summary, ado
lescents tended to be more ambivalent or negative
toward specific elements, such as special adolescent
outpatient days, collaborative activities in the afternoon
after outpatient visits or seeing the physician on their
own.

Pre-transfer patients vs post-transfer adults

The support of the key components of transition
programs differed significantly over the three patient
groups, with the least support in the adolescent group
(cohort 1a) and the strongest support in the post-
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Table 5 Additional questions for adult patients (cohort 2b)
Question
How important is a multi-disciplinary team in the adult outpatient clinic?
A transition program can impair the development of autonomy
I was well informed about my disease and my health at transfer
I would have liked to have had more information about my disease and my health at
transfer
How helpful would a social worker be to assist in the transfer process?
How would you rate your previous transfer?
How helpful would it have been if there was a joint outpatient clinic with pediatric and
adult medicine?
A transition program would have influenced my professional career
How anxious did you feel due to the transfer process?
I would have liked to decide the transfer age by my own
Which person(s) were the most important for you during your transfer?

disagree/deficient/absolutely not)

Mean values of answers

(1 = agree/excellent/very strong...5 =

3.5

mean answer in words

1.8 (1.05)
3.9 (1.13)
2.1 (1.22)
2.3 (1.36)

Important
Mostly not
Mostly yes
Mostly yes

1.8 (0.93)
2.8 (1.36)
2.0 (0.90)

Mostly helpful
Satisfactory, “C”
Mostly helpful

3.5 (1.21)
Mostly not
2.7 (1.27)
Unsettled but not very much
2.6 (1.50)
Mostly agree
28% pediatrician, 26% others, 15% nurses, 9% doctor’s adult
clinic, 8% siblings, 8% partner, 5% social worker 1% friends
25% medications, 17% school and profession, 13% disease
knowledge, 10% pregnancy, 8% drugs and alcohol, 5%
body image, 5% relationships, 4% sport, 4% adherence, 3%
sexuality, 3% role in the family, 3% others

Which topics were the most important for you during transfer?

4.0

mean answer (SD)

P = 0.01

Female
Male

P = 0.04

P = 0.04
3.0
2.5
2.0
1.5

n = 15

n = 39

n = 15

n = 39

n = 15

n = 39

1.0
I would have no interest in
education programs
(1 = I agree ...5 = disagree)

I would grade my
completed transfer...

(1 = excellent ...5 = deficient)

How much did you feel
unsettled due to your
completed transfer

(1 = very strong ...5 = absolutely not)

Figure 2 Gender-specific perceptions, P values for the comparison of female answers to male answers in the 2a adult cohort for the question: “I would
have no interest in education programs”. The other two questions were answered by cohort 2b. P values were calculated using Mann-Whitney U tests.

somewhat unsettled due to the transfer. When asked
for the most important person during the transfer,
28% of respondents mentioned the pediatrician, 26%
said “others,” and 15% stated that it was the nurses.
When asked for the most important topics during
transfer, 25% of respondents cited medication, 17%
cited education and employment, 13% said disease
knowledge and 10% stated pregnancy.

than did males (Figure 2).
Furthermore, our results showed that adults
who were transferred to medical care outside of our
transplant center had a stronger desire for support
during transfer (Figure 3).

DISCUSSION
The aim of this study was to evaluate the perceptions
of patients, parents and adults regarding the elements
of an established transition program from a UK Liver
Unit, to facilitate a rapid and smooth introduction
of a transition program in our local unit. Our results
showed that this was not a straightforward process
and underlined the need to consider local needs and
circumstances, such as a centralization of the medical
system, religion, type of education, school system and
social status.
A strong point in our study was that we also
surveyed adult patients who had received a liver-

Correlation of clinical outcomes and patient
characteristics with responses to the questionnaire

Different perceptions in and between groups were
independent of clinical characteristics, clinical
complication rates and time between the OLT and
receipt of the questionnaire. For detailed results, please
see Supplemental Tables 1-4. In cohorts 2a and 2b,
we found gender-dependent differences regarding the
interest in education and perceptions of the transfer
experience. Females had a significantly higher interest
in education and rated their transfer experience worse
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Mean values of answer

(1 = agree...5= disagree)

5

supporting transition programs. This may mean that
adolescents are not able to anticipate (perhaps due
to poorly explained benefits) the benefit of transition
programs, while adult patients who were once ado
lescents and previously experienced a transfer from
pediatrics to adult care can see the value, even if only
retrospectively. This confirms that transition programs
are beneficial and important tools, even if adolescents
primarily regard these programs with ambivalence.
Our adult cohort delivered important information
from both a patient and adult perspective regarding
transition and transfer after they had themselves
completed a transfer as adolescents. Furthermore,
adult patients stated a strong need for combined
pediatric-adult outpatient clinics. This is an already
well-known instrument for improving transfer and
has a benefit that the transition program continues
after transfer, which is very important, as shown by
[15]
Fredericks et al . However, when discussing per
ceptions of our adult cohort, it should be noted that we
aimed to develop a transition program not for adults,
but for adolescents, especially given the wide age
range of the adult group in our study.
The available literature is unclear on the differences
in the awareness of risk between parents and
adolescents. Even though replies from parents and
patients only differed significantly in one question the important question number 1 (need for support
during transfer) - the tendencies in other replies led to
the assumption that parents were more aware of the
risks during transition and were also more interested
in transition, disease and medication education than
were their children. These results were in-line with
[12]
[16]
the findings of Anthony et al
and Boyle et al
but
[17]
differed from Fredericks et al , who reported that
parents and patients were aware of the problems
and risks of the transition process. These results
were also interesting regarding the possibility that an
adolescent’s replies to the questionnaire could have
been influenced by their parents. Our results made it
unlikely that a significant influence occurred because
they showed different replies for most questions and a
significantly different reply in one question.
Notable also were the responses to question 3:
“Should medical caregivers see the patient for a
portion of the visit without the parents?” This was
least accepted by adolescents and, surprisingly, not
significantly more accepted by the parents, but it was
mostly accepted by the adults in cohort 2b (cp). We
believe that this fact demonstrates an over-protection
by parents and anxiety on the part of the adolescents.
Therefore, this is a very important aspect for a transition
program and shows again why an adult patient’s
viewpoint on transition is important for developing
transition programs.
Surprisingly, all of our cohorts preferred to start
the transition program later and between the ages
of 13.9-15.4 years. In the literature, opinions on

Ongoing medical care
in transplant center
Ongoing medical care
elsewhere

4
3

P = 0.02
2
1
0
I would appreciate more intense support of liver
transplanted adolescents during transfer

Figure 3 Follow-up specific differences in the replies to Q1 (“I would
appreciate more intense support for liver-transplanted adolescents during
transfer”). P Values were calculated using Mann-Whitney U tests.

transplant as children and collected their opinions on
transfer and transition. Therefore, we benefitted from
their experience and mental maturity without parental
bias, even though there was a wide age range in
these adult patients, with a recall bias and different
life circumstances. Irrespective of this, mentoring
by an adult patient was also recommended by the
[10]
international Delphi study . The results of our study
strongly support the inclusion of this element and
show how much adults appreciate transition programs
(cohort 2b) and how much they can understand the
perspectives of adolescents (cohort 2a). This was
demonstrated by significantly different answers from
both perspectives in this group (Table 4).
More clearly than previous studies, our results
demonstrated that patients appeared ambivalent to
transition opportunities. This emphasizes that it is very
important and difficult to balance between motivating
adolescent patients to participate and slightly pushing
them without forcing them too much. Perhaps, it is
best not to identify the program as a “transition” but
simply as one more step in the evolution of people
with liver-transplants. Forcing them could result in an
even greater negative response and could possibly
result in non-adherence. The lack of motivation of
younger patients to take part in a transition program
[12]
concurred with the findings of Anthony et al ,
who showed a disinterest in adolescents regarding
transition. Possible explanations for this include youthunfriendly interventions, parental over-protection and/
or the development of abstract thought and forward
[13,14]
planning during adolescent brain development
.
This means that to involve adolescents, we must first
arouse interest. The advantage of peer-group effects
can and should be used, and although this can be
complicated by geography, e-health and m-health,
internet-based social networking can currently provide
potential solutions for this.
Our study also showed that over the years, the
perceptions and attitudes of patients changed to those
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the optimal age for starting a transition program
vary greatly and can depend on the definition and
[18]
perception of the transition process. Many studies
have shown that an early start is favorable and that
transition programs, especially education programs,
are most effective when they started between the
[19]
ages of 11-14 years . In this early stage of the
transition process, the most important points are
educating parents regarding the gradual shift in
responsibility for health management tasks from
[15]
the parent to the adolescent
and educating the
young person on their own development and outlook
towards shared management. These points may not
have been considered as part of the transition by our
patients and parents and could be the reason why
they preferred to start later, but they could also mean
that our patients and parents were not aware of the
importance of these aspects and that, in this situation,
more education is especially important. How such
educational interventions for parents can be realized
and how effective they are were recently shown by
[20]
Akre et al .
To the best of our knowledge, our study is the
first to evaluate baseline characteristics and clinical
outcomes of non-responders in order to exclude
any selection bias. Although, apart from a gender
difference, significantly more male than female adults
answered the survey, we did not see any differences
between responders and non-responders regarding
age, the number of liver transplants, BPAR, or the time
between OLT and survey. This aspect has not been
clearly described in the literature and emphasizes the
difficulty in predicting transition outcome in patients. A
selection of “high risk” patients, which should receive
more intense support, seems to be impossible so far.
But we could find following tendencies, which could
help to identify these patients. In the pre-transfer
group, the non-responders tended to have longer
times between transplantation and the questionnaire
when compared to the responder group. This could
mean that patients with liver transplants that occurred
further in the past had less of a desire for a transi
tion process; this could be due to lower compliance,
[2]
as reported by Berquist , or because the patients
assumed their medication duties more naturally.
However, testing for correlation between clinical
outcomes or the baseline characteristics of the patients
to the type of answers revealed a significant gender
difference in adults (Figure 2) with women who were
more anxious about the transfer process and reported
worse transfer experiences than men. Consistently,
women were also significantly more interested
in education. Even though these results must be
interpreted with caution since the female cohort was
significantly smaller in those groups, they show an
important aspect regarding gender-specific transitional
care. Except for these gender differences, perceptions
in and between groups appeared to be independent
from the clinical course and the rates of certain
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complications, such as acute or chronic rejection,
re-transplantation and acute or chronic liver failure.
Interestingly, adults who were transferred to medical
care outside our adult liver transplant outpatient clinic
retrospectively expressed a stronger desire for support
and educational programs during the transition. This
may indicate that ongoing medical care in the same
transplant center is an important part of the transfer
[18]
and can improve the whole transition process .
However, this may imply that patients transferred to
a hepatologist outside of the transplant center needed
more intensive support, and thus, cooperation with
these hepatologists must be improved. Therefore,
gender and differences in the location of follow-up after
transfer, depending on local circumstances, should
be carefully examined when transition programs are
developed.
Limitations in our study are mainly based on the
lack of feasibility in validating our questionnaire, the
heterogeneous cohort and the potential recall bias for
adults who remembered past adolescent pre-transfer
perspectives, especially since the time between
transfer and receipt of the questionnaire differed
from 0 to 23 years. Although unlikely, we cannot
exclude that adolescents’ replies to questionnaire
were influenced by their parents, even though this
is unlikely, as discussed above. The responder group
may have been biased due to the reminder calls, since
we cannot differ between patients who responded to
the survey with or without reminder calls. However,
a significant bias is unlikely since there was an
insignificant difference between the responder and
non-responder groups and the numbers of patients
who responded after reminder calls was minor.
Even though our results emphasize existing ideas
about transition, this is the first time these strategies
are analyzed from the point of view of patients,
parents and adults. We feel that the evaluation of
their perceptions is essential prior to working with
theoretically developed transition strategies, especially
since the long-term evaluation of the effectiveness of
“transition-tools/concepts” is difficult.
In conclusion, we identified a gender difference,
with significantly more adult males than females
replying to the questionnaire. This contrasted with
a stronger desire for education programs by female
adults. Furthermore, we found indicators that patients
who were followed up with outside of the adult
outpatient clinic at our center expressed a stronger
need/desire for transition programs. We were not able
to identify any other high-risk group with an impaired
outcome during the transition process since responses
appeared to be independent of clinical complication
rates and neither group significantly differed with
respect to clinical complications, age, date of transplant
or type of liver failure.
In our study, adolescents appreciated the transition
program but were ambivalent toward proposals from
preexisting transition programs. Conversely, liver-
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differences and the location of medical follow-up should also to be considered.

transplanted adults agreed with the suggestions for
such programs and indicated that adolescent pa
tients may not be aware of future unmet problems
and risks. Adolescents, like teenagers everywhere,
oppose external guidance when it is presented as such.
Taken together, this underlines the need and potential
importance of such programs and the usefulness of
adult patient mentoring. From this, we can conclude
that transition programs need to be developed in close
collaboration with adolescents but should perhaps be
presented in such a way that allows adolescents to
design their individual transition vs partaking in a preassigned journey.

Terminology

Transfer describes the changeover from pediatric medical care to adult medical
care. Transition describes much more. The transition process starts years
before transfer and continues for years after transfer. Both pediatric and adult
medicine doctors should be mindful of the transition process. The transition
process includes not only medical aspects but also aspects of adolescence,
such as becoming responsible, separation from parents, first partnership,
choosing a line of employment or education, and much more.

Peer-review

This retrospective study provides important guidance for the design and
understanding of transition programs for pediatric liver transplant centers.
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Abstract

Lu Zang, Department of Surgery, Ruijin Hospital, Shanghai
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China

AIM
To investigate the role of minimally invasive surgery
for gastric cancer and determine surgical, clinical, and
oncological outcomes.

Arda Isik, Department of General Surgery, Erzincan University,
School of Medicine, 24100 Erzincan, Turkey
Giorgio Palazzini, Vito D’Andrea, Department of Surgical
Science, “La Sapienza” University, 00161 Rome, Italy

METHODS
This is a propensity score-matched case-control study,
comparing three treatment arms: robotic gastrectomy
(RG), laparoscopic gastrectomy (LG), open gastrectomy
(OG). Data collection started after sharing a specific
study protocol. Data were recorded through a tailored
and protected web-based system. Primary outcomes:
harvested lymph nodes, estimated blood loss, hospital
stay, complications rate. Among the secondary out
comes, there are: operative time, R0 resections, POD
of mobilization, POD of starting liquid diet and soft
solid diet. The analysis includes the evaluation of type
and grade of postoperative complications. Detailed
information of anastomotic leakages is also provided.
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RESULTS
The present analysis was carried out of 1026 gastre
ctomies. To guarantee homogenous distribution of
cases, patients in the RG, LG and OG groups were
1:1:2 matched using a propensity score analysis with
a caliper = 0.2. The successful matching resulted in
a total sample of 604 patients (RG = 151; LG = 151;
OG = 302). The three groups showed no differences
in all baseline patients characteristics, type of surgery
(P = 0.42) and stage of the disease (P = 0.16).
Intraoperative blood loss was significantly lower in the
LG (95.93 ± 119.22) and RG (117.91 ± 68.11) groups
compared to the OG (127.26 ± 79.50, P = 0.002). The
mean number of retrieved lymph nodes was similar
between the RG (27.78 ± 11.45), LG (24.58 ± 13.56)
and OG (25.82 ± 12.07) approach. A benefit in favor
of the minimally invasive approaches was found in
the length of hospital stay (P < 0.0001). A similar
complications rate was found (P = 0.13). The leakage
rate was not different (P = 0.78) between groups.
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CONCLUSION
Laparoscopic and robotic surgery can be safely performed
and proposed as possible alternative to open surgery.
The main highlighted benefit is a faster postoperative
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Core tip: The IMIGASTRIC project is a multi-institutional
study on gastric cancer developed to collect information
on the surgical, clinical, and oncological features
of patients undergoing gastrectomy with a robotic,
laparoscopic, or open approach. A research group was
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surgeons, take their own direction.
[3]
In 2014, a research group was established with
the intent to further investigate these issues. So a first
phase of data collection from the participating centers
began with the entering of information into a wellplanned registry.
This study aimed to report the findings that can be
assessed from the data collected up to date, comparing
minimally invasive techniques (laparoscopic and robotic)
with traditional open surgery.

first established in 2014 and after sharing a specific
study protocol, data collection officially started at
the end of 2015. A tailored Web-based software was
developed to standardize information, facilitate the
process of data collection in a unified multi-institutional
database, and guarantee the proper storage of pa
tient’s data. The purpose was to create an international
registry with a high methodological quality.
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MATERIALS AND METHODS
Type of study

This is a multi-institutional propensity score-matched
case-control study, comparing three treatment arms.
Data collection started after sharing a specific study
[4]
protocol .
The study was registered at clinical trials.gov with a
registration number of NCT02325453.

Groups and interventions

We defined the following groups of comparison: (1)
Laparoscopic gastrectomy (LG): Patients underwent
minimally invasive gastrectomy through traditional
laparoscopic devices; (2) Robotic gastrectomy (RG):
Patients underwent minimally invasive gastrectomy
with the assistance of the “Da Vinci” robotic surgical
system, which allows a surgeon to perform the proce
dure through a console and dedicated devices; and
(3) Open gastrectomy (OG): Patients underwent
gastrectomy with the traditional open approach.

INTRODUCTION
The treatment of gastric cancer is in continuous
development with the search for new therapeutic
drugs, radiation therapy, endoscopy, surgery, and
combined treatments. These modalities are used
to try to give the patient the best possibility for a
cure. Treatments are often tailored according to the
characteristics and stage of the cancer and surgery
[1]
remains one of the main stay treatment . However,
technologic advance has provided surgeons with
minimally-invasive and even non-invasive procedures.
Over the past two decades, gastrectomy has evolved
toward the use of small surgical incisions with reduced
trauma to the patient and a faster postoperative
recovery. Laparoscopy has now spread globally and
is within reach for most surgical centers. Researchers
are now focusing on the application of even more
sophisticated robotic technologies for gastrectomy.
Robotic surgery, which until a few years ago seemed
out of reach in many areas due to high costs, is now
finding ever-increasing support among different
oncologic surgical centers.
Gastric surgery is one of the most relevant and
[2]
developed fields of minimally invasive surgery . Al
though general international support has emerged in its
application at dedicated centers, practitioners must still
assess which patients would benefit most from these
technologies. Other important questions include: What
are the real benefits? Where do the limits lie? What kind
of minimally invasive approach is preferable?
To date, no international guidelines exist to answer
these questions, and the role of different minimally
invasive techniques remains unclear. As a result, the
institutes themselves, and sometimes the individual
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Time period and sites

Data entered into the IMIGASTRIC registry regarding
procedures performed until data extraction (January
2016) were analyzed. All involved centers are referral
institutions with a well-established gastric cancer
program and experience in minimally invasive surgery.
All diagnostic and surgical interventions at these
centers were done according to international guidelines
and information stored in institutional prospective data
collection systems.

Eligibility

Specific criteria were considered before starting data
collection and reported in the study protocol.
Inclusion criteria: gastric cancer reported in the biopsy
report, upper endoscopy and CT scan for staging, both
[5,6]
[5,6]
Early Gastric Cancer
and Advanced Gastric Cancer
[7-9]
were considered, curative surgery .
Exclusion criteria: evidence of metastatic disease,
ASA score > 4, history of other surgery for gastric
cancer, other malignancy, surgery with palliative intent.
Reported information and outcomes: This study
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of the surgical procedure. Errors related to the trans
mission of data in a single registry were minimized by
the creation of a dedicated IT tool with standardized
fields by which information was collected and analyzed.
International classifications and guidelines and shared
measurement units were considered before starting the
data collection phase to avoid heterogeneity.
The present study was reported in accordance with
[11]
the STROBE guidelines and statement .

Table 1 Characteristics of patients n (%)

Total
Age
BMI
Sex
Female
Man
ASA

Open

Laparoscopy

Robotic

302
67.19 ± 13.1
24.33 ± 3.65

151
65.82 ± 14.16
24.02 ± 2.22

151
68.81 ± 12.12
24.58 ± 3.00

117 (38.7)
185 (61.3)

66 (43.7)
85 (56.3)

70 (46.4)
81 (53.6)

66 (21.9)
139 (46.0)
97 (32.1)
192 (63.6)

23 (15.2)
64 (42.4)
64 (42.4)
96 (63.6)

26 (17.2)
73 (48.3)
52 (34.4)
95 (62.9)

P value
0.14
0.31
0.26

0.18

Ⅰ
Ⅱ
Ⅲ

Comorbidities

Propensity score matching

Propensity score matching analysis was carried out
using SPSS software version 23 and R software version
3.1, through the Custom Dialog “PS Matching”. A value
for each patient was calculated based on the covariates
of sex, age, comorbidities, BMI, stage of disease, type
of gastrectomy. Then, patients in the RG, LG and OG
group were 1:1:2 matched considering a caliper = 0.2.

0.96

reported descriptive findings and outcomes among
the three groups. The first part comprises three
sections: basic patient characteristics, tumor findings,
and surgical procedure details. The outcomes section
offers a comparison regarding operative results,
postoperative recovery, and complications:

Statistical analysis

IBM SPSS Statistics V.23 was used to carry out the
statistical analysis. An intention to treat analysis was
performed.
Numbers and percentages were used to report
dichotomous variables. Continuous variables were
expressed as mean ± SD and median with IQR.
One-way ANOVA analysis of variance with post hoc
multiple comparison adopting the Tukey’s procedure
was used to allow the comparison among the three
groups for continuous variables. Values from categorical
variables were compared between groups through the
2
Pearson’s χ and the Fisher’s exact test. Then, the Z
test with the Bonferroni correction was used to evaluate
statistical significance among the Robotic, Laparoscopic
and Open approaches. Statistical significance was set at
a P value < 0.05.

Primary outcomes: No. of harvested lymph nodes
(mean ± SD), estimated blood loss (EBL; mean ± SD),
hospital stay (mean ± SD), and overall complications
(no. patients, %).
Secondary outcomes: Operative time (mean ± SD),
curative resection (R0; no. patients, %), intraoperative
blood transfusion (no. patients, %), intraoperative
complications (no. patients, %), intraoperative death
(no. patients, %), post-operative day (POD) of patient
mobilization (mean ± SD), POD of starting liquid diet
(mean ± SD), POD of starting soft solid diet (mean ±
SD), POD of resumption of peristalsis (mean ± SD),
POD of first flatus (mean ± SD), length of intravenous
antibiotic use (mean ± SD), length of intravenous
analgesic use (mean ± SD), and post-operative
transfusion (no. patients, %).
A deeper analysis of complications was reported,
including the type of complications, the number related
and not related to surgery, and the grade based on the
[10]
Clavien-Dindo classification . A specific analysis of
anastomotic leakage was also reported.

RESULTS
Patients and group characteristics

At the time of this analysis, 1026 patients had been
entered in the IMIGASTRIC registry. Among them, 44%
underwent minimally invasive procedures, of which
227 patients (22%) had their procedure performed by
laparoscopy and 222 (22%) by the robotic system.
The matching analysis resulted in a total sample of
604 patients, 151 from RG group, 151 from LG group,
302 patients from OG group. The successful matching
permitted to obtain a homogeneous distribution of
all patient’s characteristics, surgeries performed and
stage of the disease (Tables 1 and 2).
Particularly, the three groups exhibited similar
distribution of baseline patient characteristics (Table 1)
with regard to age (P = 0.14), gender (P = 0.26), BMI
(P = 0.31), ASA (P = 0.18), comorbidities (P = 0.96).
The details of the surgical procedures performed and
the tumor features are shown in Table 2. The groups
showed no significant differences in the distribution
of cases regarding type of gastrectomy (P = 0.42),

Source of data analyzed

Investigators collected data through a web-based
system (https://imigastric.logix-software.it/). Then
data were extracted using pre-established IT tools.

Potential bias and study limitations

The retrospective approach is a major limitation for
this study, but the propensity score case-matched
analysis allowed us to determine a homogeneous
distribution of cases.
Potential bias and study limitations reflect those
related to this type of study, particularly the potential
lack of information in medical records analyzed and
errors in filling in the clinical diary or the description
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Table 2 Details of surgical procedures and tumour pathology n (%)

Type of gastrectomy
Distal
Total
Type of reconstruction
Billroth Ⅰ/Ⅱ
Roux-en-Y G-J
Roux-en-Y E-J
D2 Lymphadenectomy
Position
Lower third
Middle third
Upper third
Pathologic stage
0
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Undifferentiated carcinoma

Open

Laparoscopy

Robotic

205 (67.9)
97 (32.1)

102 (67.5)
49 (32.5)

111 (73.5)
40 (26.5)

88 (29.1)
117 (38.7)
97 (32.1)
294 (97.4)

31 (20.5)
70 (46.4)
50 (33.1)
144 (95.4)

51 (33.8)
60 (39.7)
40 (26.5)
143 (94.7)

153 (50.7)
108 (35.8)
41 (13.6)

76 (50.3)
54 (35.8)
21 (13.9)

84 (55.6)
54 (35.8)
13 (8.6)

19 (6.3)
76 (25.2)
48 (15.9)
55 (18.2)
28 (9.3)
24 (7.9)
34 (11.3)
18 (6)
115 (38.1)

4 (2.6)
54 (35.8)
27 (17.9)
14 (9.3)
14 (9.3)
12 (7.9)
17 (11.3)
9 (6)
65 (43.0)

4 (2.6)
54 (35.8)
27 (17.9)
14 (9.3)
14 (9.3)
12 (7.9)
17 (11.3)
9 (6)
55 (36.4)

P value
0.42

0.10

0.32
0.57

0.16

0.46

Table 3 Surgical and post-operative clinical outcomes n (%)

Operative time (min)
EBL (mL)
LN retrieved
R0 resections
Intraoperative blood transfusion
Intraoperative complications
Hospital stay (d)
Mobilization (d)
Liquid diet (d)
Soft solid diet (d)
Resumption of peristalsis (d)
First flatus (d)
Drain removal (d)
NG removal (d)
Intravenous antibiotic use (d)
Intravenous analgesic use (d)
Post-operative transfusion
Complications (patients)

Open

Laparoscopy

Robotic

P value

198.67 ± 59.66
127.26 ± 79.50
25.82 ± 12.07
287 (95.0)
9 (3)
5 (1.7)
12.68 ± 5.88
2.36 ± 1.34
5.79 ± 3.30
8.36 ± 5.45
2.64 ± 0.67
4.01 ± 1.05
8.5 ± 3.55
4.92 ± 1.88
6.13 ± 3.84
3.79 ± 1.48
19 (6.3)
59 (19.5)

220.37 ± 91.89
95.93 ± 119.22
24.58 ± 13.56
145 (96.0)
7 (4.6)
3 (2)
9.07 ± 9.16
2.7 ± 1.51
4.12 ± 3.37
5.73 ± 7.00
2.52 ± 0.68
3.75 ± 0.76
6.44 ± 4.61
3.98 ± 1.74
4.58 ± 3.52
2.9 ± 0.91
13 (8.6)
18 (11.9)

365.44 ± 80.92
117.91 ± 68.11
27.78 ± 11.45
148 (98.0)
4 (2.6)
2 (1.3)
8.85 ± 5.82
1.42 ± 1.27
3.21 ± 2.49
4.23 ± 3.79
2.35 ± 1.16
3.23 ± 1.33
6.05 ± 8.69
2.82 ± 2.01
3.92 ± 4.27
3.44 ± 1.78
13 (8.6)
27 (17.9)

< 0.0001
0.002
0.07
0.59
0.56
0.9
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.003
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.56
0.13

EBL: Estimated blood loss; LN: Lymph nodes; NG: Nasogastric tube.

reconstruction performed (P = 0.1), lymphadenectomy
(P = 0.32), tumor location (0.57), stage of the disease (P
= 0.16) and rate of undifferentiated tumors (P = 0.46).

transfusion did not differ among the groups (P = 0.56).
Regarding the number of harvested lymph nodes,
each group confirmed to guarantee an adequate
number of harvested lymph nodes for pathological
assessment and no statistical significant differences
were found in the comparison among groups (P =
0.07).
The conversion rate was 5.3% (n = 8) in the LG and
4.6% (n = 7) in the RG with no significant difference (P
= 0.5).

Operative outcomes

The operative time was significantly longer in the RG
than the other two groups (P < 0.0001). A statistical
difference in favor of the OG was also observed when
compared with the LG (P = 0.01) (Table 3).
A reduction in the Estimated Blood Loss (EBL)
resulted in favor of both of the minimally invasive
approaches vs the OG (P = 0.002) and particularly
slightly in favor of the LG when compared with the RG
(P = 0.04). However, the need for intraoperative blood
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Clinical recovery outcomes

A significantly shorter hospital stay (P < 0.0001) was
found in both of the minimally invasive groups vs the
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Table 4 Analysis of post-operative complications n (%)
Type of complication
Anastomotic stenosis
Arrhythmias
Cerebral vascular accident
Congestive heart failure
Delayed gastric emptying
Dumping syndrome
Fluid collection/abscess
Intestinal obstruction
Intra-abdominal bleeding
Intraluminal bleeding
Leak
Myocardial infarction
Pancreatic fistula
Peritonitis
Pleural effusion
Pneumonia
Pulmonary edema
Pulmonary embolism
Remnant stomach necrosis
Sepsis
Urinary
Wound infection
Other
Total no. of complications
Non-surgical related
Surgical-related
Clavien dindo grade
Ⅰ+Ⅱ
Ⅲa
Ⅲb
Ⅳ

Leakage rate
Reoperation
Analysis of leakage
Leakage rate
Site of leak
Duodenal stump
Esophagojejunostomy
Gastroduodenostomy
Gastrojejunostomy
Leak-related reoperation

Open

Laparoscopy

Robotic

Total

1
1
0
1
3
3
4
2
2
3
11
2
2
1
3
8
1
0
0
4
3
0
13
68
32 (47.1)
36 (52.9)

1
1
0
0
0
0
1
3
0
2
4
0
0
0
0
1
0
0
1
0
3
1
1
19
6 (31.6)
13 (68.4)

1
2
1
0
0
0
0
0
4
3
4
0
4
0
0
4
0
1
0
1
0
0
2
30
10 (33.3)
20 (66.7)

3
4
1
1
3
3
5
5
6
8
19
2
6
0
3
13
1
1
1
5
6
1
16
117
48 (41.03)
69 (58.97)

50 (73.5)
3 (4.4)
11 (16.2)
4 (5.9)
11 (3.6)
11 (3.6)

12 (63.2)
2 (10.5)
5 (26.3)
0 (0.0)
4 (2.6)
5 (3.3)

28 (93.3)
0 (0.0)
2 (5.7)
0 (0.0)
4 (2.6)
2 (1.3)

90 (76.9)
5 (4.3)
18 (15.4)
4 (3.4)

11 (3.6)

4 (2.6)

4 (2.6)

4
4
1
2
5 (1.7)

1
3
0
0
2 (1.3)

2
0
0
2
0 (0.0)

7
7
1
4

OG, without differences between the LG and RG (P =
0.97).
All steps in the patients’ recovery status happened
faster in both of the minimally invasive approaches
than the open surgery (Table 3). A small benefit was
found to be significant in the minimally invasive groups
vs the OG in intravenous antibiotic and analgesic
discontinuation (P < 0.0001). Data on post-operative
blood transfusion did not differ among the groups (P =
0.56).

No differences with regard to the distribution of
surgical and non-surgical complications (P = 0.29)
were assessed between the groups.
Overall, no differences were found when considering
the grade of complications, based on the Clavien-Dindo
scale (0.11). Most of the complications experienced by
each group were grade Ⅰ or Ⅱ (76.9%, overall). The
number of patients requiring reoperation did not differ
among the three groups (P = 0.38).

Analysis of complications

Anastomotic leakage was the most relevant complication
reported. The leakage rate was not different (P =
0.78) between LG (2.6%), RG (2.6%) and OG (3.6%).
Therefore, further analysis is reported. The distribution
of the leakage by different anastomotic sites was similar
among the groups (P = 0.36). In 36.84% of cases, a
new surgery was required, while 63.16% of cases were
managed with total parenteral nutrition and abdominal
drainage. The leak-related reoperation rate did not differ

Analysis of leakage

The number of patients experienced complications did
not differ among the three groups (P = 0.13), as well
as no differences were found regarding the different
types of complications (P = 0.052). The most frequently
observed complications included leakage, bleeding
(intraluminal and intra-abdominal), and pancreatic
fistula. Among the medical complications, pneumonia
and urinary complications were most common (Table 4).
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among the three groups (P = 0.29)(Table 4).

not entirely justifiable by the docking time and other
factors likely come into play. The conversion rate to
open surgery does not differ (P = 0.5), demonstrating
the substantial equivalence of both techniques in being
able to complete the minimally invasive procedure.
[17,22]
Studies
in the literature have widely discussed and
reported results in terms of the safety and feasibility
of minimally invasive procedures for gastrectomy. The
present study confirms the overall low rate of intra
operative complications with no statistical differences
vs open surgery (P = 0.9).
The most relevant issue is definitely ensuring
proper oncological surgery by performing an adequate
lymphadenectomy with minimally invasive approaches.
Researchers still regard nodal clearance as an important
[17]
factor influencing long-term survival. Viñuela et al
showed a significant higher number of lymph nodes
retrieved in the OG than in the LG by 3.9 nodes (P <
0.001), while no significant difference was found in
ensuring a proper number of lymph nodes (> 15 Lns)
for pathological stage assessment (P = 0.09).
Laparoscopy has shown to require a long learning
curve and experience to perform an extended lympha
denectomy, when required.
Robotic surgery can facilitate better D2 dissection.
This advanced technology clearly possesses intrinsic
advantages for this surgical step, but researchers
have not yet proven and verified them through appro
[12-14,16]
priate trials: Overall, only four studies
have
compared robotic surgery with the open approach on
[14]
this outcome. In particular, Kim MC’s study
does
not report a significant difference among the three
[12]
surgical groups, in contrast with Huang and Kim KM’s
[13]
[16]
study . Caruso et al reported a significant difference
between robotic and open surgery, but the robotic
sample is too small to draw conclusions. Among studies
comparing the two minimally invasive techniques, only
[19]
one study
was able to show a statistically significant
benefit in favor of robotic surgery. However, in the latter
[19]
study , the researcher did not report in the published
paper the number of D2 procedures in the two groups.
In the present study, the oncological success of the
procedures shows a balance between the three
approaches regarding the residual tumor assessment
(P = 0.59). The rates of infiltrated margins were low in
all performed procedures, demonstrating the success of
surgeries performed in referral centers. If one considers
the outcomes above alongside the number of retrieved
lymph nodes robotic surgery seems to net comparable
outcomes to those of open surgery.
In the analysis of the post-operative course, the
number of overall complications was lower in the
[17]
LG than OG group, in Viñuela's study
(P < 0.001).
Particularly, significant advantages were found in
medical and minor surgical complications. However, no
differences were seen for major surgical complications
in this study, while the current largest RCT (KLASS
[23]
Trial) didn’t show any differences between LG and OG
(P = 0.13) in the assessment of overall postoperative

DISCUSSION
The present study has analyzed data on gastrectomies
coming from a large registry, after sharing a specific
protocol and using a tailored web-based software. It
represents the first attempt to establish an international
project for gastric cancer on minimally invasive surgery.
It includes both the robotic and laparoscopic surgery,
and the open approach as control group.
[12-14]
To date, only three publications
in the literature
report a three-arms comparison among open surgery,
laparoscopic, and robotic surgery. None of these
reports feature Western patients, and two come from
[13-15]
a Korean database
. All other existing studies
show a series of robotic surgeries compared only with
laparoscopy, except one study that compared the
[16]
robotic with the open approach . The current gold
standard remains open surgery, so any comparison
in the short and long term should consider a control
group of open surgery. The potential benefits and di
fferences between laparoscopic vs robotic techniques
are unclear, and for robotic surgery, a gap exists in
strong evidence and well-designed studies. Currently,
[1,7]
the main international guidelines
of management
of gastric cancer do not discuss the robotic technology,
although many centers are utilizing robotic gastrectomy
for the treatment of gastric cancer in the past decade.
Scientific evidence for the role of laparoscopic and
robotic gastrectomy is not keeping pace with these
technological developments. The current study includes
information to gain an understanding on the use of
minimally invasive surgical techniques and their impact
[3,4]
on surgical practice . The goal of this study was to
gather data to examine the actual role of minimally
invasive surgery.
Among the intraoperative outcomes, this study
confirms lower blood loss in the minimally invasive
approaches compared to the open approach (P =
0.002). Within the minimally invasive techniques,
[17]
there was lower blood loss in the LG. Viñuela et al ,
in his meta-analysis, showed similar findings with a
significantly lower blood loss in the LG vs OG. In Kang’s
[18]
study , the RG had lesser EBL than the LG, especially
for technically demanding lymph node stations (93.25
[19]
ml vs 173.45 ml, P < 0.001). Junfeng et al
high
lighted that the RG group had a smaller amount of EBL
in elderly patients (101.4 ml vs 131.4 ml, P = 0.017).
The general consensus among different studies is the
advantage of robotic surgery over laparoscopy and
open surgery in reducing operative bleeding. However,
researchers have not achieved full agreement on this
[20]
aspect, as shown by Eom et al
(RG: 152.8 ml vs
[21]
LG: 88.3 ml, P = 0.09) and Son et al (RG: 173.2 ml
vs LG: 116.6 ml, P = 0.014). The results of these two
studies are closer to our reported analysis.
We observed a significantly high operative time
with the robotic approach (P < 0.0001). This appears
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complications.
Researchers have obtained inconsistent findings in
studies on robotic surgery in terms of demonstrating
differences compared to laparoscopy in the analysis
[22]
[24]
of complications . Hyun et al , in his comparison
between RG and LG, reported similar results regarding
overall complications (P = 0.36), but with a higher rate
of patients experiencing grade IIIa and IIIb (ClavienDindo) complications in the laparoscopic group. Son
[21]
et al showed no significant differences in the number
(P = 0.37) and severity (P = 0.88) of complications
[25]
between the two minimally invasive groups. Park et al
found a rate in favor of the LG approach, but without
reaching a significant difference (P = 0.12) and with a
similar number of severe complications rate (P = 0.25)
in both groups. In our study, we found no differences in
the type (P = 0.053) and severity of complications (P =
0.11) among the three groups.
Minimally invasive surgery has demonstrated
relevant advantages over open surgery with regard
to postoperative hospital stay, despite the extreme
heterogeneity among studies. A shorter hospital stay
[17]
was reported in LG in Viñuela's study (WMD = 3.6 d,
95%CI: 2.6-4.5, P < 0.001).
[14,26]
Previous studies on RG
have shown that the
length of hospital stay can be shorter than that of OG
[26]
or LG. Particularly, Woo et al
found a significant
difference (P = 0.04) in the rate of patients discharged
within the fifth postoperative day in favor of the robotic
approach (61%).
Several factors were hypothesized regarding the
inflammatory response after surgery, as for example a
[27]
lesser tissues manipulation in robotic surgery . Thus,
postoperative bowel recovery in the RG may be shorter
[28]
than other approaches. Moreover, Song et al
and
[25]
Park et al showed some advantages in the RG group
regarding ambulation, pain control and postoperative
hospital stay. However, differences can be seen
among the published studies in the literature. Junfeng
[19]
et al
didn’t show differences between the two
groups regarding first flatus, time to start a liquid diet,
[21]
and postoperative length of stay. Son et al
found
advantages in favor of LG in terms of postoperative
restoration of bowel function, resumption of oral
[18]
intake, and hospital stay. Kang et al
reported a
significant longer hospitalization in the RG than the LG
group, with a mean difference of 1.7 d (P = 0.042).
Our analysis showed a statistically significant
advantage in hospitalization (P < 0.0001) with the
minimally invasive approaches without differences
between the LG and RG, as well as benefits in all
patients’ functional recovery steps.
Technological developments have made now possible
the use of minimally invasive surgery for gastric cancer.
Several points remain object of debate as the role
of the Enhanced Recovery After Surgery protocols, the
spread of the robotic system and its cost that, to date,
is not comparable to that of traditional laparoscopy.
Minimally invasive surgery is safe in ensuring
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a proper gastric oncological procedure with some
advantages in the postoperative period, but undou
btedly, the best possible strategy should be tailored
on the characteristics of the patient and the stage of
disease.
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Background

Technological advancements have allowed the spread of minimally invasive
surgery in gastric cancer, but a number of issues are currently being debated,
including the possibility in performing an effective extended lymph node
dissection or the real advantages of the robotic systems.

Research frontiers

Trials in this particular field aim to assess the effects on perioperative outcomes
and the patient’s quality of life while still respecting oncological principles. One
of the main objective of surgical research is to verify the possibility to perform
complex minimally invasive surgical procedures and their reproducibility
worldwide.

Innovations and breakthroughs

The present article is the first, in its field, that has analyzed data from a multiinstitutional registry, thus allowing to verify the effect of minimally invasive
surgery for gastric cancer on a large scale. Advantages in favor of these
approaches were found in all postoperative steps of patient’s recovery, while no
differences were found regarding lymph nodes retrieval and complications, in
the comparison with the open approach.

Applications

Robotic and laparoscopic surgery can be considered for the treatment of gastric
cancer and not limited to early stages. The availability of advanced technologies
and the team experience can safely offer this approach in eligible patients.

Terminology

Laparoscopic gastrectomy is a procedure performed through a laparoscope,
a fiber optic cable system which allows viewing of the intra-abdominal field.
The surgery is carried out after creating a pneumoperitoneal space. Robotic
gastrectomy is performed with a surgical system which allows the surgeon to
move articulated instruments through a remote console. This technique uses
the pneumoperitoneum, too.

Peer-review

The article deals with a comparison between the surgical treatment options for
gastric cancer. The whole set up of this retrospective study is very good. The
variables chosen for evaluation provide useful information. The study included
a large number of patients.
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Abstract
AIM
To determine the relationship between F-18 fluoro
deoxyglucose (FDG) uptake of bone marrow (BM) on
positron emission tomography/computed tomography
(PET/CT) and clinical factors and to assess the prognostic
value of FDG uptake of BM in gastric carcinoma.

Informed consent statement: Due to the retrospective nature
of the study, informed consent of the patients was not required
because the study analyzed anonymous clinical data of the
patients.
Conflict-of-interest statement: None of the authors have any
study-related conflicts of interest to disclose.

METHODS
We retrospectively enrolled 309 gastric cancer patients
who underwent staging FDG PET/CT and curative
surgical resection. FDG uptake of primary tumor was
visually classified as positive or negative FDG uptake.
Mean FDG uptake of BM (BM SUV) and BM-to-liver

Data sharing statement: No additional date are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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[1-3]

20%-25% . Because of dismal prognosis, various
prognostic biomarkers have been evaluated to
identify patients with high risk for disease recurrence
and progression. Tumor stage, presence of lymph
node metastasis, tumor size, and lymphovascular
invasion have been found to be significant prognostic
[4-6]
factors . Recently, systemic inflammatory response
has been shown to play critical roles in carcinogenesis
[7,8]
and tumor metastasis . Several serum inflammatory
markers have been assessed as prognostic factors
and neutrophil-to-lymphocyte ratio (NLR), plateletto-lymphocyte ratio (PLR), albumin, and C-reactive
protein (CRP) have been suggested as significant
prognostic factors for predicting clinical outcomes of
[6,9-11]
patients with gastric cancer
.
F-18 fluorodexoyglucose (FDG) positron emission
tomography/computed tomography (PET/CT) has been
widely used to assess various types of malignancy. In
patients with gastric cancer, the clinical role of FDG PET/
CT has been limited because its sensitivity for detecting
primary tumor and lymph node metastasis depends
on tumor stage and pathologic subtypes of gastric
[12-14]
cancer
. On the other hand, FDG PET/CT has shown
high diagnostic ability for detecting cancer recurrence
and is significantly associated with recurrence-free
survival (RFS) and overall survival (OS) in gastric cancer
[13,15,16]
patients with curative surgical resection
. In
patients with malignancy, FDG uptake of bone marrow
(BM) on PET/CT has been shown to be significantly
associated with serum inflammatory markers such
as NLR, PLR, CRP, and albumin, suggesting that FDG
uptake of BM has significant relationship with systemic
[17-19]
inflammatory response
. Since serum inflammatory
markers are associated with the prognosis of gastric
cancer patients, FDG uptake of BM could also show
significant association with clinical outcomes. However,
clinical implication of FDG uptake of BM in patients with
gastric cancer has not been reported yet.
Therefore, the objective of this study was to eva
luate the relationship of FDG uptake of BM on PET/CT
with serum inflammatory markers and tumor factors
and to assess the role of FDG uptake of BM as a
prognostic factor in predicting RFS and OS of gastric
cancer patients with curative surgical resection.

uptake ratio (BLR) were measured. The relationships
of BM SUV or BLR with clinical factors were evaluated.
The prognostic values of BM SUV, BLR, and other
clinical factors for predicting recurrence-free survival
(RFS) and overall survival (OS) were assessed.
RESULTS
Of 309 patients, 38 patients (12.3%) experienced
cancer recurrence and 18 patients (5.8%) died.
Patients with advanced gastric cancer, positive FDG
uptake, and recurrence had higher values of BM SUV
and BLR than those with early gastric cancer, negative
FDG uptake, and no recurrence (P < 0.05). BM SUV
and BLR were significantly correlated with hemoglobin
level, neutrophil-to-lymphocyte ratio, and platelet-tolymphocyte ratio (P < 0.05). On multivariate analysis,
multiple tumors, T stage, lymph node metastasis,
tumor involvement of resection margin, and BLR were
significantly associated with RFS (P < 0.05). T stage,
lymph node metastasis, hemoglobin level, and BLR
were significantly associated with OS (P < 0.05).
CONCLUSION
BLR on PET/CT was an independent prognostic factor
for RFS and OS in gastric cancer patients with curative
surgical resection.
Key words: F-18 fluorodeoxyglucose; Positron emission
tomography; Prognosis; Bone marrow; Gastric cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated the prognostic value of
F-18 fluorodeoxyglucose (FDG) uptake of bone marrow
(BM) on positron emission tomography/computed
tomography (PET/CT) in gastric cancer patients with
curative surgical resection. FDG uptake of BM was
correlated with serum inflammatory markers. It was
also significantly associated with worse prognosis. FDG
uptake of BM on PET/CT could reflect the degree of
systemic inflammatory response to cancer and provide
information on the prognosis of patients with gastric
cancer after curative surgical resection.
Lee JW, Lee MS, Chung IK, Son MW, Cho YS, Lee SM. Clinical
implication of FDG uptake of bone marrow on PET/CT in gastric
cancer patients with surgical resection. World J Gastroenterol
2017; 23(13): 2385-2395 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i13/2385.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2385

MATERIALS AND METHODS
Patients

We retrospectively reviewed medical records of 332
patients with gastric cancer who underwent preoperative
FDG PET/CT and subsequent curative surgical resection
between March 2011 and January 2014 in our medical
center. Of these patients, we excluded patients who had
distant metastasis on staging work-up, had any neoadjuvant treatment before surgical resection, were lost
to follow-up within 12 mo after operation, had acute
inflammatory disease or liver disease, or had a history
of another malignancy. One patient who had a rare
pathological type of gastric cancer (adenosquamous

INTRODUCTION
Although the incidence of gastric cancer has gradually
decreased and various treatment modalities have
advanced in recent years, the prognosis of gas
tric cancer is still poor, with 5-year survival rate of
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carcinoma) was also excluded for statistical analysis.
After all, a total of 309 patients with gastric cancer were
enrolled in the study. This study was approved by the
Institutional Review Board of Soonchunhyang University
Cheonan Hospital in accordance with the Helsinki
Declaration.
All enrolled patients underwent preoperative
staging work-up consisting of blood tests including
hemoglobin, blood cell counts, and serum albumin
and CRP, gastroduodenoscopy, contras-enhanced
abdominopelvic CT, and FDG PET/CT. The interval
between blood tests and FDG PET/CT was within two
days. After staging work-up, all patients underwent
curative subtotal or total gastrectomy with lymph
node dissection of at least D1 dissection according
to the treatment guidelines of the Japanese Gastric
[20]
Cancer Association (JGCA) . The interval between
FDG PET/CT and operation was within three weeks
for all patients. For surgical specimens, the T and N
histopathological stages were assessed according to the
th
7 edition of the American Joint Committee on Cancer
staging guidelines and the size of primary tumor was
measured. The pathological subtypes of gastric cancer
were categorized into papillary adenocarcinoma (PAC),
well-differentiated and moderately-differentiated
tubular adenocarcinoma (TAC), poorly-differentiated
adenocarcinoma (PDAC), signet-ring cell carcinoma
(SRC), or mucinous adenocarcinoma (MAC) according
[21]
to the JGCA system . In addition, all cancer lesions
were classified into intestinal and non-intestinal tumors
according to Lauren classification. Diffuse, mixed,
and non-classifiable types were classified as the non[13]
intestinal type .
After curative surgical resection, all patients
underwent clinical follow-up consisted of blood tests,
contrast-enhanced CT, and gastroduodenoscopy every
6-8 mo for the first 3 years after the operation and
every 10-12 mo thereafter. When abnormal finding
was found during follow-up, additional diagnostic
studies and/or pathological studies were performed to
determine cancer recurrence.

correction.
All PET/CT images were retrospectively assessed
by two nuclear medicine physicians. At first, FDG
uptake of gastric cancer lesions was visually and
quantitatively evaluated. Gastric lesions that showed
focally increased FDG uptake exceeding the uptake
of the surrounding gastric wall and corresponding
to cancer lesions on contrast-enhanced CT images
and gastroduodenoscopy were considered as posi
tive FDG uptake lesions. In contrast, cancer lesions
without focally increased FDG uptake or with diffusely
increased FDG uptake being unable to differentiate
from physiological uptake of surrounding gastric wall
were considered as negative FDG uptake lesions. For
patients with positive FDG uptake on gastric cancer
lesions, a spheroid-shaped volume of interest (VOI)
was drawn over the tumor lesion and the maximum
standardized uptake value (SUV) of gastric cancer
lesion (Tmax) was measured. SUV was calculated
as [decay-corrected activity (kBq)/tissue volume
(mL)]/[injected FDG activity (kBq)/body mass (g)].
Afterwards, FDG uptake of BM was measured for each
patient. A spheroid-shaped VOI was drawn over the
vertebral body of at least six vertebrae of thoracic and
lumbar spines (mostly T10-T12 spine and L3-5 spine,
unless they showed compression fracture, severe
osteoarthritic changes, or post-operative change for
spinal disease). It has been reported that the mean
SUV using 75% cut-off value of the maximum SUV
[17,22]
shows substantial agreement between observers
.
Therefore, mean SUV of the vertebral body was
measured using an automatic isocontour set at 75%
of the maximum SUV within each VOI. The mean
value of mean SUV of vertebral body of vertebrae was
defined as BM SUV. Mean SUV of the normal liver was
measured by drawing 2 cm-sized spheroid-shaped
VOI in the right lobe of the liver, and BM SUV-tonormal liver uptake ratio (BLR) was calculated for each
patient.

Statistical analysis

Using results of white blood cell counts, NLR and
PLR were calculated for each patient. To evaluate
the relationship bewteen FDG uptake of BM and
hematologic parameters, inflammatory markers,
and Tmax, Spearman’s rank correlation coefficients
were calculated for BM SUV and BLR with regard to
white blood cell count, hemoglobin level, NLR, PLR,
serum albumin and CRP level, and Tmax. To assess
differences in BM SUV and BLR according to the
pathology of primary tumor, T stage, status of lymph
node, FDG uptake of primary tumor, and occurrence of
recurrence, one way analysis of variance and Student
t-test were performed. To assess the predictive
values of variables for RFS and OS, univariate and
multivariate analyses were performed using a Cox
proportional hazards regression model. Survival time
was defined as the time from operation to the date
of detection of cancer recurrence (for RFS) or death

FDG PET/CT and image analysis

All patients were instructed to fast for at least 6 h
before PET/CT scans. Before injecting FDG, blood
glucose level was < 150.0 mg/dL in every patient.
FDG was intravenously administered at a dose of
4.07 MBq/kg 60 min before the PET/CT scan. FDG
PET/CT images were acquired from the skull base to
the proximal thigh using a Biograph mCT 128 scanner
(Siemens Healthcare, Knoxville, TN, United States).
In cases with no symptoms of gastric obstruction,
patients were instructed to drink at least 500 mL of
water before PET/CT scanning. CT scan was initially
performed at 100 mA and 120 kVp without contrast
enhancement. Afterwards, PET scan was performed
in 1.5 min per one bed position. PET images were
reconstructed with an iterative algorithm using True
X and time-of-flight reconstruction with attenuation
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Table 1 Characteristics of the 309 enrolled patients with gastric cancer
n (%)

Characteristics
Age (yr)
Sex
Tumor location

Operation type
Pathology

Lauren classification
T stage

Lymph node metastasis
Tumor size (cm)
Tumor involvement of resection margin
Adjuvant chemotherapy
White blood cell (× 1012 cells/L)
Hemoglobin (g/dL)
NLR
PLR
Albumin (g/dL)
CRP (mg/dL)
FDG uptake
Tmax1
BM SUV
BLR

Male
Female
Upper
Middle
Lower
Multiple
Subtotal gastrectomy
Total gastrectomy
PAC/TAC
PDAC
SRC/MAC
Intestinal
Non-intestinal
T1
T2
T3
T4
Absence
Presence

77 (24.9)
232 (75.1)
11 (3.6)
134 (43.4)
158 (51.1)
6 (1.9)
139 (45.0)
170 (55.0)
200 (64.7)
74 (23.9)
35 (11.3)
137 (44.3)
172 (55.7)
183 (59.2)
57 (18.4)
41 (13.3)
28 (9.1)
212 (68.6)
97 (31.4)

Negative
Positive
No
Yes

302 (97.7)
7 (2.3)
220 (71.2)
89 (28.8)

Negative
Positive

Median

Range

60

29-82

3.0

0.5-17.0

6.87
13.6
1.96
126.05
4.3
1.61

3.09-20.13
4.1-17.3
0.13-22.80
2.93-557.13
2.5-5.4
0.0-115.05

153 (49.5)
156 (50.5)
4.71
1.45
0.70

2.62-37.80
0.55-2.66
0.28-1.35

1

Measured only in 156 patients with positive FDG uptake. PAC: Papillary adenocarcinoma; TAC: Tubular adenocarcinoma; PDAC: Poorly-differentiated
adenocarcinoma; SRC: Signet-ring cell carcinoma; MAC: Mucinous adenocarcinoma; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte
ratio; CRP: C-reactive protein; FDG: F-18 fluorodexoyglucose; PET/CT: Positron emission tomography/computed tomography; BM: Bone marrow; BLR:
BM-to-liver uptake ratio.

(for OS). Continuous variables in the model were
dichotomized according to specific cut-off values
2
determined by the maximally selected χ method.
Hazard ratios with Wald 95%CI were provided for
survival analyses. For T stage and BLR, survival curves
were estimated with the Kaplan-Meier method and
compared with the log-rank test. Recurrence rates
according to the combination of T stage and BLR
2
were compared by χ test. All statistical analyses were
performed with R 2.13.0 software (The R Foundation
for Statistical Computing, Vienna, Austria) and SPSS
ver. 20.0 for Windows software (SPSS Inc., Chicago,
IL, United States). P < 0.05 was considered statistically
significant.

had early gastric cancer (T1 tumors regardless of
lymph node status) and 126 patients (40.8%) had
advanced gastric cancer (T2-T4 tumors). On PET/CT,
positive FDG uptake of gastric cancer was observed
in 156 patients (50.5%) and Tmax was measured in
these 156 patients. Among the 183 patients with early
gastric cancer, positive FDG uptake was observed in
64 patients (35.0%), and among the 126 patients with
advanced gastric cancer, 92 patients (73.0%) showed
positive FDG uptake. Of all patients, BM SUV in 26
patients (8.4%) was higher than the mean SUV of
normal liver (Figures 1 and 2).
During clinical follow-up, 38 patients (12.3%)
experienced cancer recurrence and 18 patients (5.8%)
died. The median duration of clinical follow-up was
33.8 mo (range, 2.6-67.5 mo). Of the 38 patients
with recurrence, 16 patients (42.1%) experienced
distant lymph node and organ metastases while 14
patients (36.8%) experienced peritoneal recurrence.
Locoregional recurrence was observed in the remaining

RESULTS
Patient characteristics

The characteristics of enrolled patients are summarized
in Table 1. Of the 309 patients, 183 patients (59.2%)
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A

B

C

D

E

Figure 1 F-18 fluorodeoxyglucose positron emission tomography/computed tomography images of a gastric cancer patient with diffusely increased F-18
fluorodeoxyglucose uptake of bone marrow. A: Maximum intensity projection; B and C: Coronal and transaxial PET images; D: Transaxial CT image; E: Fused
transaxial PET/CT image of a 71-year-old woman with advanced gastric cancer. Focal intensely increased FDG uptake was observed in the primary tumor lesion of
stomach with Tmax of 8.36 (arrow). BM of the patient showed increased FDG uptake with BM SUV of 2.36 and BLR of 1.25. The patient underwent total gastrectomy.
The cancer recurred 13.4 mo after the treatment and the patient died 18.5 mo after the operation. PET/CT: Positron emission tomography/computed tomography;
FDG: F-18 fluorodeoxyglucose; BM: Bone marrow; BLR: BM-to-liver uptake ratio.

Table 2 Correlation of F-18 fluorodexoyglucose uptake of bone marrow with clinical factors

BM SUV
BLR

1

White blood cells

Hemoglobin

NLR

PLR

Albumin

CRP

Tmax

r = 0.039
P = 0.600
r = 0.033
P = 0.563

r = -0.117
P = 0.039
r = -0.172
P = 0.002

r = 0.121
P = 0.033
r = 0.224
P = 0.001

r = 0.158
P = 0.005
r = 0.250
P < 0.001

r = -0.041
P = 0.474
r = -0.168
P = 0.003

r = 0.100
P = 0.079
r = 0.094
P = 0.100

r = 0.093
P = 0.104
r = 0.212
P = 0.002

1

Analyzed in 156 patients with positive FDG uptake. NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; CRP: C-reactive protein; BM:
Bone marrow; BLR: BM-to-liver uptake ratio.

9 patients (21.1%).

no recurrence (Table 3). Results for the relationship
between tumor and BM FDG uptake revealed that
patients with positive FDG uptake had higher BM SUV
(P = 0.007) and BLR (P = 0.006) than those with
negative FDG uptake. In 156 patients with positive
FDG uptake, Tmax showed significant association with
BLR (P = 0.002; Tables 2 and 3).

Correlation analysis

To reveal clinical factors that might affect FDG uptake
of BM, relationships of FDG uptake of BM with various
tumor factors, hematologic parameters, and serum
inflammatory markers were assessed. Both BM SUV
and BLR were significantly correlated with hemoglobin
level (P = 0.039 for BM SUV; P = 0.002 for BLR), NLR
(P = 0.033 for BM SUV; P = 0.001 for BLR), and PLR
(P = 0.005 for BM SUV; P < 0.001 for BLR; Table 2).
BLR was negatively correlated with serum albumin
level (P = 0.003). Patients with advanced gastric
cancer had higher BM SUV (P = 0.042) and BLR (P =
0.003) than those with early gastric cancer. Patients
with recurrence also had higher values of BM SUV
(P = 0.001) and BLR (P < 0.001) than those with
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Survival analysis

The prognostic values of clinical factors and FDG PET/
CT parameters for predicting RFS and OS on univariate
analysis are shown in Table 4. The optimal cut-off
2
values determined by the maximal χ method for age,
tumor size, white blood cell count, hemoglobin, NLR,
PLR, albumin, CRP, Tmax, BM SUV, and BLR were
12
68 years, 3.0 cm, 9.5 ×10 cells/L, 12.0 g/dL, 2.10,
210.0, 3.9 g/dL, 20.0 mg/dL, 6.0, 1.50, and 0.72,
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Figure 2 F-18 fluorodeoxyglucose positron emission tomography/computed tomography images of a gastric cancer patient with minimally increased F-18
fluorodeoxyglucose uptake of bone marrow. A: Maximum intensity projection; B and C: Coronal and transaxial PET images; D: Transaxial CT image; E: Fused
transaxial PET/CT image of a 75-year-old woman with advanced gastric cancer. Focal intensely increased FDG uptake was observed in the primary tumor lesion
of stomach with Tmax of 7.57 (arrow). BM SUV and BLR were 1.12 and 0.54, respectively. The patient underwent total gastrectomy. The patient is still alive without
cancer recurrence with a follow-up period of 35.5 mo. PET/CT: Positron emission tomography/computed tomography; FDG: F-18 fluorodeoxyglucose; BM: Bone
marrow; BLR: BM-to-liver uptake ratio.

Table 3 Comparison between bone marrow standardized uptake value and BM-to-liver uptake ratio according to tumor factors

Pathology

T stage
Lymph node metastasis
FDG uptake
Recurrence

PAC/TAC
PDAC
SRC/MAC
T1
T2-T4
Absence
Presence
Negative
Positive
No
Yes

BM SUV

P value

BLR

P value

1.49 ± 0.34
1.54 ± 0.37
1.41 ± 0.32
1.46 ± 0.35
1.54 ± 0.33
1.47 ± 0.34
1.54 ± 0.36
1.46 ± 0.30
1.52 ± 0.38
1.47 ± 0.34
1.68 ± 0.36

0.143

0.73 ± 0.17
0.75 ± 0.16
0.68 ± 0.16
0.71 ± 0.16
0.78 ± 0.17
0.72 ± 0.16
0.77 ± 0.17
0.71 ± 0.14
0.75 ± 0.18
0.72 ± 0.16
0.85 ± 0.16

0.081

0.042
0.123
0.007
0.001

0.003
0.010
0.006
<0.001

BM: Bone marrow; BLR: BM-to-liver uptake ratio; PAC: Papillary adenocarcinoma; TAC: Tubular adenocarcinoma; PDAC: Poorly-differentiated
adenocarcinoma; SRC: Signet-ring cell carcinoma; MAC: Mucinous adenocarcinoma; FDG: F-18 fluorodexoyglucose.

respectively. Operation type and adjuvant treatment
were excluded from the survival analysis, because
they were determined by other tumor factors and
were not considered as independent factors. On
univariate analysis, T stage, lymph node metastases,
tumor size, tumor involvement of surgical resection
margin, hemoglobin level, PLR, serum albumin level,
positive FDG uptake, Tmax, and BLR were significantly
associated with both RFS and OS (P < 0.05). Mean
while, age, tumor location, white blood cell count,
NLR, serum CRP level, and BM SUV were significant
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prognostic factors only for RFS (P < 0.05).
Of the variables, those with a p-value of less
than 0.05 in univariate analysis were selected for
multivariate analysis. On multivariate analysis, T4
stage, lymph node metastasis, and BLR were found to
be independent prognostic factors for both PFS and OS
(P < 0.05). Multiple tumors and tumor involvement of
the resection margin were only significantly associated
with PFS and hemoglobin level was only significantly
associated with OS (P < 0.05; Table 5). In contrast,
positive FDG uptake failed to show significance in
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Table 4 Univariate analysis of prognostic factors for recurrence-free survival and overall survival
Variables

RFS

Age (≤ 68 yr vs > 68 yr)
Sex (female vs male)
Tumor location
Body
Fundus
Antrum
Multiple
Pathology
PCA/TAC
PDAC
SRC/MAC
Lauren classification
(intestinal vs non-intestinal)
T stage
T1
T2
T3
T4
Lymph node metastasis (absence vs presence)
Tumor size (≤ 3.0 cm vs > 3.0 cm)
Tumor involvement of resection margin
(negative vs positive)
White blood cell (≤ 9.5 × 1012 cells/L vs > 9.5 × 1012 cells/L)
Hemoglobin (≤ 12.0 g/dL vs > 12.0 g/dL)
NLR (≤ 2.10 vs > 2.10)
PLR (≤ 210.0 vs > 210.0)
Albumin (≤ 3.9 g/dL vs > 3.9 g/dL)
CRP (≤ 20.0 mg/dL vs > 20.0 mg/dL)
FDG uptake (negative vs positive)
Tmax (≤ 6.0 vs > 6.0)1
BM SUV (≤ 1.50 vs > 1.50)
BLR (≤ 0.72 vs > 0.72)

OS

P value

HR (95%CI)

P value

HR (95%CI)

0.025
0.658

2.07 (1.10-3.91)
1.19 (0.56-2.53)

0.058
0.078

2.46 (0.97-6.23)
2.38 (0.91-6.22)

0.788
0.869
0.009

1.00
0.76 (0.10-5.72)
0.94 (0.48-1.85)
5.15 (1.50-17.72)

0.961
0.591
0.973

1.00
0.85 (0.18-6.62)
1.30 (0.50-3.35)
1.10 (0.15-7.54)

0.591
0.182
0.368

1.00
1.22 (0.59-2.53)
1.86 (0.75-4.64)
1.35 (0.70-2.62)

0.643
0.457
> 0.999

1.00
0.76 (0.24-2.41)
1.62 (0.45-5.83)
1.00 (0.39-2.53)

0.005
< 0.001
< 0.001
< 0.001
< 0.001
0.013

1.00
4.97 (1.62-15.21)
9.78 (3.34-28.64)
34.10 (12.24-94.94)
11.14 (5.08-24.44)
5.50 (2.30-13.19)
4.48 (1.38-14.60)

0.300
0.008
< 0.001
< 0.001
0.006
0.018

1.00
2.83 (0.40-20.24)
9.86 (1.80-53.93)
52.24 (11.13-245.23)
13.62 (3.93-47.22)
17.13 (2.27-128.96)
5.87 (1.35-25.56)

0.006
< 0.001
0.002
< 0.001
0.001
0.013
< 0.001
< 0.001
0.016
< 0.001

2.73 (1.32-5.62)
0.25 (0.13-0.48)
4.04 (1.96-8.33)
4.03 (2.03-7.99)
0.27 (0.14-0.52)
2.49 (1.21-5.14)
7.82 (3.05-20.07)
5.72 (3.01-10.86)
2.27 (1.16-4.45)
8.25 (3.22-21.15)

0.910
< 0.001
0.117
0.005
0.003
0.306
0.004
0.002
0.196
0.003

0.92 (0.21-3.99)
0.12 (0.05-0.31)
2.13 (0.83-5.51)
4.12 (1.55-10.98)
0.23 (0.09-0.60)
1.79 (0.59-5.49)
19.68 (2.61-148.27)
5.35 (1.88-15.21)
1.87 (0.72-4.84)
20.69 (2.75-155.64)

1

Analyzed in 156 patients with positive FDG uptake. RFS: Recurrence-free survival; OS: Overall survival; PAC: Papillary adenocarcinoma; TAC: Tubular
adenocarcinoma; PDAC: Poorly-differentiated adenocarcinoma; SRC: Signet-ring cell carcinoma; MAC: Mucinous adenocarcinoma; NLR: Neutrophil-tolymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; CRP: C-reactive protein; FDG: F-18 fluorodexoyglucose; PET/CT: Positron emission tomography/
computed tomography; BM: Bone marrow; BLR: BM-to-liver uptake ratio.

predicting RFS or OS in multivariate analysis (P =
0.058 for RFS and P = 0.197 for OS). On Kaplan-Meier
analysis, patients with early gastric cancer showed
higher rates of 2-year RFS (97.0% vs 77.4%; P <
0.001; Figure 3A) and OS (98.8% vs 89.0%; P <
0.001; Figure 3B) than those with advanced gastric
cancer. Patients with low BLR also showed higher rates
of 2-year RFS (97.2% vs 80.5%; P < 0.001; Figure
3C) and OS (99.2% vs 89.1%; P < 0.001; Figure 3D),
which is similar to those in patients with early gastric
cancer, than those with high BLR.
The combination of T stage and BLR could further
enhance their predictive value for RFS. For early gastric
cancer patients, there was no significant difference
in recurrence rate between patients with BLR ≤
0.72 (1.8%, 2 out of 114 patients) and those with
BLR > 0.72 (4.1%, 3 out of 74 patients; P = 0.340).
However, for advanced gastric cancer patients, patients
with BLR > 0.72 (44.1%, 30 out of 68 patients) had
significantly higher recurrence rate than those with
BLR ≤ 0.72 (5.7%, 3 out of 53 patients; P < 0.001).
We further analyzed the prognostic value of
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variables in 156 patients with positive FDG uptake to
compare the prognostic value of FDG uptake of BM and
Tmax (Table 5). For patients with positive FDG uptake,
multiple tumors, T4 stage, lymph node metastasis,
tumor involvement of resection margin, serum albumin
level, and BLR were significantly associated with RFS
(P < 0.05), and T4 stage and BLR were significantly
associated with OS in multivariate analysis (P <
0.05). However, Tmax failed to show significance on
multivariate analysis for RFS (P = 0.215) and OS (P =
0.059).

DISCUSSION
On FDG PET/CT, BM in normal healthy subjects
usually shows mild degree of FDG uptake. In contrast,
previous studies have revealed that patients with
various inflammatory diseases and cancers could have
increased FDG uptake of BM and that FDG uptake of
BM is significantly associated with white blood cell and
[18,23]
neutrophil counts and CRP level
. Furthermore,
in patients with lung cancer, FDG uptake of BM is
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Figure 3 Kaplan-Meier survival curves for recurrence-free survival and overall survival. A: Recurrence survival curve according to T stage; B: Overall survival
curve according to T stage; C: Recurrence-free survival curve according to BLR; D: Overall survival curve according to BLR. BLR: Bone marrow-to-liver uptake ratio.

significantly higher than that in those with benign lung
nodules and is associated with white blood cell counts,
[17,24,25]
NLR, PLR, and serum levels of albumin and CRP
.
These results suggest that FDG uptake of BM can
reflect the degree of BM activation due to systemic
[17,18,25]
inflammatory response to malignancy
. The
results of the present study also showed significant
correlation of BM SUV and BLR with NLR and PLR.
BLR showed greater statistical significance and higher
correlation coefficients with serum inflammatory
markers compared to BM SUV, in agreement with the
results of previous studies showing that BLR could
reduce the inter-individual variation of FDG uptake
[17,18,25]
of BM
. In addition, patients with advanced
gastric cancer, recurrence, and positive FDG uptake
of primary cancer had higher FDG uptake than those
with early gastric cancer, no recurrence, and negative
FDG uptake, respectively, indicating that gastric cancer
patients with advanced stage and aggressive features
might have higher degrees of systemic inflammatory
response.
FDG uptake of BM of patients used in the study
also had significant negative correlation with blood
hemoglobin level. Previous studies have demonstrated
controversial results for the relationship between FDG
uptake of BM and hemoglobin level in various kinds
[17,18,22,23,25]
of malignancy
. In gastric cancer, significant
portion of patients had anemia and hemoglobin level
[26]
is a significant prognostic factor for survival . The
results of the present study suggest that, in gastric
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cancer patients, red marrow hyperplasia due to low
hemoglobin level can affect FDG uptake of BM.
Recently, inflammation has been recognized as
one of the hallmarks of cancer. It can stimulate cancer
[8,27]
development, proliferation, and metastasis
. Neu
trophils can remodel the extracellular matrix by
releasing inflammatory cytokines and promote tumor
angiogenesis and metastasis, and platelet is believed
to contribute to the survival of cancer cells in the
[28,29]
circulation and formation of metastatic niches
.
Meanwhile, lymphocytes can function as anti-tumor
[7]
immune cells . Therefore, pre-operative NLR and
PLR can be used as prognostic factors in gastric
cancer patients with surgical resection and changes
in NLR and PLR following chemotherapy are useful for
predicting clinical outcomes of unresectable gastric
[9,30,31]
cancer patients
. Considering the significant
relationship of BM FDG uptake with NLR and PLR,
we hypothesized that FDG uptake of BM might also
be useful for predicting prognosis of gastric cancer
patients with curative surgical resection. Results of
our study demonstrated that BLR was an independent
prognostic factor for predicting both RFS and OS, along
with other known prognostic clinical factors including
T4 stage, lymph node metastasis, tumor involvement
[13,26,32]
of resection margin, and hemoglobin level
. It
has been shown that FDG uptake BM has significant
association with survival in patients with head and
[17,22,25,33]
neck cancer and lung cancer
. The present
study also corroborates this association in patients

2392

April 7, 2017|Volume 23|Issue 13|

Lee JW et al . BM FDG uptake in stomach cancer
Table 5 Multivariate analysis of prognostic factors for recurrence-free survival and overall survival in model with all 309 patients
and 156 patients with positive F-18 fluorodexoyglucose uptake
Variables

Model with all patients

RFS
Age
Location
Body
Fundus
Antrum
Multiple
T stage
T1
T2
T3
T4
Lymph node metastasis
Tumor size
Tumor involvement of resection margin
White blood cell
Hemoglobin
NLR
PLR
Albumin
CRP
FDG uptake
Tmax
BM SUV
BLR
OS
T stage
T1
T2
T3
T4
Lymph node metastasis
Tumor size
Tumor involvement of resection margin
Hemoglobin
PLR
Albumin
FDG uptake
Tmax
BLR

Model with patients with positive FDG uptake

P value

HR (95%CI)

P value

HR (95%CI)

0.461

1.38 (0.58-3.28)

0.228

1.69 (0.72-3.96)

0.543
0.276
0.037

1.00
0.50 (0.05-4.78)
0.64 (0.29-1.42)
6.06 (1.36-26.92)

0.634
0.695
0.034

1.00
0.58 (0.06-5.32)
0.86 (0.41-1.82)
5.19 (1.13-23.76)

0.342
0.200
0.020
0.037
0.661
0.035
0.150
0.652
0.611
0.563
0.060
0.173
0.058

1.00
1.81 (0.53-6.19)
2.31 (0.64-8.29)
4.99 (1.29-19.38)
2.96 (1.07-8.21)
1.27 (0.43-3.75)
4.32 (1.11-16.81)
1.96 (0.78-4.92)
1.24 (0.49-3.11)
1.25 (0.53-2.90)
1.30 (0.53-3.18)
0.42 (0.17-1.04)
1.88 (0.76-4.68)
2.72 (0.97-7.65)

0.250
0.096
0.014
0.004
0.594
0.023
0.053
0.955
0.607
0.197
0.021
0.181

1.00
2.05 (0.60-6.99)
3.01 (0.82-10.97)
5.50 (1.42-21.31)
4.50 (1.61-12.54)
1.34 (0.46-3.95)
4.94 (1.24-19.62)
2.37 (0.99-5.67)
0.97 (0.38-2.50)
1.24 (0.54-2.86)
1.78 (0.74-4.27)
0.34 (0.14-0.85)
1.85 (0.75-4.55)

0.945
0.001

0.94 (0.38-2.33)
6.42 (2.07-19.84)

0.215
0.597
0.005

1.33 (0.70-2.39)
0.80 (0.34-1.86)
7.67 (2.44-24.12)

0.994
0.537
0.002
0.016
0.243
0.194
0.026
0.741
0.759
0.197

1.00
1.01 (0.13-8.41)
1.78 (0.28-11.15)
5.33 (1.88-15.14)
5.08 (1.36-18.94)
3.62 (0.42-31.35)
3.16 (0.56-17.93)
0.32 (0.11-0.87)
0.82 (0.25-2.66)
0.84 (0.27-2.61)
4.29 (0.47-39.12)

0.965
0.500
< 0.001
0.092
0.242
0.209
0.463
0.896
0.675

1.00
1.93 (0.29-13.05)
1.93 (0.29-13.05)
6.15 (2.18-17.34)
3.40 (0.82-14.11)
3.77 (0.41-34.80)
3.13 (0.53-18.54)
0.46 (0.14-1.57)
0.92 (0.29-2.99)
0.78 (0.24-2.52)

0.025

10.39 (1.34-80.33)

0.059
0.022

2.89 (0.96-8.72)
10.87 (1.42-83.31)

FDG: F-18 fluorodexoyglucose; RFS: Recurrence-free survival; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; CRP: C-reactive
protein; PET/CT: Positron emission tomography/computed tomography; BM: Bone marrow; BLR: BM-to-liver uptake ratio.

with gastric cancer. Furthermore, BLR remained as an
independent prognostic factor even in patients with
positive FDG uptake when compared to the prognostic
value with Tmax. The prognostic value of BLR was
further enhanced when it was combined with T stage.
The subgroup of patients who had advanced gastric
cancer and high BLR showed the highest recurrence
rate of 44.7%, while other patient subgroups had
recurrence rate of less than 6.0%. Both tumor factors
and systemic inflammatory response seemed to play
important roles in cancer recurrence.
On multivariate survival model with tumor factors
(tumor location, T stage, lymph node metastasis, tumor
size, and tumor involvement of resection margin) and
PET/CT parameters of primary tumor (positive FDG
uptake and Tmax), positive FDG uptake of primary
tumor and Tmax were found to be independent
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prognostic factors for RFS and OS (data not shown).
However, after including serum inflammatory markers,
BM SUV, and BLR in the multivariate survival model,
positive FDG uptake and Tmax of primary tumor failed
to show statistical significance. They only showed
borderline significance for FDG uptake in predicting RFS
and for Tmax in predicting OS. Given that FDG uptake
of malignant lesion is partly affected by intra-tumoral
inflammatory cells and the density of tumor infiltrative
immune cells is associated with serum inflammatory
[34-37]
markers such as NLR
, the prognostic value of FDG
uptake of primary tumor might be influenced, at least in
part, by systemic inflammatory response.
The present study has some limitations. First, the
study was a retrospective single-center study with a
relatively small number of patients. Further studies are
needed to validate the results of this study. Second,
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because we only enrolled patients who underwent
curative surgical resection, a significant proportion of
patients had early gastric cancer, resulting in overall
good prognosis. Third, further examinations including
BM aspiration and serum cytokine levels are required
to identify the mechanism of FDG uptake of BM in
gastric cancer patients. Lastly, although we followed
the method of measuring BM FDG uptake used in
[17,22]
previous studies
, a recent study has revealed that
the correlation of BM FDG uptake with hematological
[38]
parameters can vary among skeletal regions . Further
research is needed to develop a method of BM FDG
uptake measurement that can accurately reflect BM
metabolism.
In conclusion, BLR was an independent prognostic
factor for predicting RFS and OS after curative surgical
resection in gastric cancer patients. Patients with low
BLR had better survival than those with high BLR.
In addition, BLR was significantly associated with
hemoglobin level, NLR, PLR, and serum albumin level.
Moreover, patients with advanced gastric cancer and
positive FDG uptake of primary tumor had higher FDG
uptake of BM than those with early gastric cancer and
negative FDG uptake. BLR can provide information on
the degree of systemic inflammatory response and the
prognosis of gastric cancer after surgical resection.
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AIM
To evaluate the safety and efficacy of tenofovir
disoproxil fumarate (TDF) as a first-line therapy in
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decompensated liver disease.

higher compared to compensated cirrhosis patients
(7.0% vs 2.5%, respectively, P < 1.000). Therefore,
TDF therapy is useful in decompensated cirrhosis and
needed for close monitoring of CVR and renal function.

METHODS
We enrolled 174 chronic hepatitis B-related liver
cirrhosis patients treated with 300 mg/d TDF at six
Korean centers. Of the 174 cirrhosis patients, 57 were
assigned to the decompensated cirrhosis group and
117 were assigned to the compensated cirrhosis group.
We followed the patients for 12 mo and evaluated
clinical outcomes, including biochemical, virological,
and serological responses. We also evaluated changes
in hepatic and renal function and compared the de
compensated and compensated cirrhosis groups.

Lee SK, Song MJ, Kim SH, Lee BS, Lee TH, Kang YW, Kim
SB, Song IH, Chae HB, Ko SY, Lee JD. Safety and efficacy of
tenofovir in chronic hepatitis B-related decompensated cirrhosis.
World J Gastroenterol 2017; 23(13): 2396-2403 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i13/2396.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i13.2396

RESULTS
The 1-year complete virological response (CVR) and
Hepatitis B e antigen (HBeAg) seroconversion were
seen in 70.2% and 14.2% in the decompensated
cirrhosis group, respectively. The rates of HBeAg sero
conversion/loss and ALT normalization at month 12
were similar in both groups. TDF treatment was also
effective for decreasing the level of hepatitis B virus
(HBV) DNA in both groups, but CVR was higher in the
compensated group (88.9% vs 70.2%, P = 0.005).
Tenofovir treatment for 12 mo resulted in improved
Child-Turcotte-Pugh (CTP) and model for end-stage
liver disease (MELD) scores in decompensated group
(P < 0.001). Of the 57 decompensated patients,
39 (68.4%) achieved CTP class A and 27 (49.1%)
showed improvement in the CTP score of 2 points after
12 mo of TDF. The observed rate of confirmed 0.5
mg/dL increases in serum levels of creatinine in the
decompensated and compensated cirrhosis group were
7.0% and 2.5%, respectively (P < 1.000).

INTRODUCTION
Chronic hepatitis B virus (CHB) infection is a the
major public health problem because of its worldwide
distribution and its substantial morbidity, and mortality
due to complications of cirrhosis and hepatocellular
[1]
carcinoma (HCC) . In cirrhosis, the 5‑year probability
of decompensation is 15%-20%, with higher risks
[2]
associated with high viral replication . The 5‑year
[2]
survival rate is 14%-35% for decompensated cirrhosis .
Decompensation usually presents with at least one
episode of ascites, jaundice, hepatic encephalopathy, or
variceal bleeding. Patients with decompensated cirrhosis
should be treated with potent nucleos(t)ide analogues
(NUCs) with good resistance profiles (e.g., entecavir or
[3,4]
tenofovir) . Treatment is indicated even if hepatitis
B virus (HBV) DNA level is low to prevent recurrent
[3,4]
reactivation . However, there is little information on
the safety of tenofovir in decompensated cirrhosis. In
addition, tenofovir is cleared primarily by the kidneys,
and there have been reports of renal impairment,
including Fanconi syndrome. Appropriate monitoring
and dosing adjustments are recommended for patients
with baseline high renal risk, including one or more
of the following: decompensated cirrhosis, creatinine
clearance < 60 mL/min, poorly controlled hypertension,
[3]
proteinuria, or uncontrolled diabetes .
Currently, there is little information regarding
1-year treatment efficacy and safety with tenofovir
in CHB-related decompensated cirrhosis. In Korea,
for 48 wk, we evaluated the safety and efficacy of
tenofovir disoproxil fumarate (TDF) in patients with
decompensated cirrhosis and those with compensated
cirrhosis.

CONCLUSION
TDF therapy in decompensated cirrhosis patients was
effective for decreasing HBV DNA levels and improving
hepatic function with relatively lower CVR than in
compensated cirrhosis. Thus, physicians should carefully
monitor not only renal function but also treatment
responses when using TDF in decompensated cirrhosis
patients.
Key words: Tenofovir; Decompensated liver cirrhosis;
Compensated liver cirrhosis; Virological response; Renal
safety
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the safety and efficacy of
disoproxil fumarate (TDF) treatment in patients
with treatment-naïve chronic hepatitis B related
decompensated cirrhosis. TDF therapy for 12 mo in
decompensated cirrhosis patients was effective for
decreasing hepatitis B virus DNA levels and improving
hepatic function with relatively lower complete
virological response (CVR) than in compensated cirrhosis
(70.2% vs 88.9%). The elevation of serum creatinine
(> 0.5 mg/dL) in the decompensated cirrhosis relatively

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study population

These retrospective cohort analyses were conducted
among 180 treatment-naïve patients with CHB-related
cirrhosis who were treated with 300 mg/d TDF from
January 2013 to January 2014 at six medical centers
in Korea. The study was approved by our institutional
ethics review board and was conducted in compliance
with the Declaration of Helsinki.
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CHB-related liver cirrhosis with TDF naive
treatment
between January 2013 to January 2014
(n = 180)

Excluded
Follow up loss (n = 6)
Discontinuation or stop of
treatment (n = 0)

Enrollment (n = 174)

Compensated liver cirrhosis
(n = 117)

Decompensated liver cirrhosis
(n = 57)

Figure 1 Flow chart of the enrolled participants. CHB: Chronic hepatitis B; TDF: Tenofovir disoproxil fumarate.

Of these patients, 6 (3.3%) were lost to follow-up.
There were no hepatic failure-related deaths during the
follow-up period. We analyzed data from the remaining
57 patients with decompensated cirrhosis and 117
with compensated cirrhosis who were treated with 300
mg/d TDF for at least 48 wk in the same period (Figure
1). All patients did not take any other antiviral agent
except tenofovir during follow-up period.
Eligibility criteria were as follows: confirmed liver
cirrhosis based on clinical tests or radiological imaging
[ultrasonography (USG) or liver dynamic computed
[5]
tomography (CT)] , serum levels of HBV DNA ≥
4
5
10 in HBeAg-negative or 10 copies/mL in HBeAgpositive CHB, alanine aminotransferase (ALT) <
10 times the upper limit of normal (ULN, 40 IU/L),
calculated creatinine clearance (eGFR) ≥ 50 mL/min,
and no evidence of HCC. Exclusion criteria included
HCV-positive serologies; prior oral NUC use, including
lamivudine, telbivudine, adefovir, or entecavir; current
grade 2 or higher hepatic encephalopathy; history
of variceal bleeding within 2 mo; and hepatorenal
syndrome or use of hepatotoxic or nephrotoxic drugs,
including those affecting renal tubular secretion.
Decompensated cirrhosis was defined as a ChildTurcotte-Pugh (CTP) score ≥ 7 (Child B and C) or at
least one episode of ascites, jaundice, hepatic encepha
lopathy, or variceal bleeding.

virological, and serological responses during 48 wk of
antiviral treatment. Biochemical response was defined
as a normalized ALT (≤ 1 times ULN). Complete
virological response (CVR) was defined as a decline
in HBV-DNA levels to < 116 copies/mL. Serum HBV
DNA was measured using the Roche COBAS TaqMan
assay (lower limit of quantification of 116 copies/mL).
Selected secondary efficacy end points included the
difference between compensated and decompensated
cirrhosis in biochemical, virological, and serological
responses during 48 wk of antiviral treatment. The
mean values of HBV DNA were calculated at baseline,
week 12, and at 12-wk intervals through week 48.
The incidence of virological breakthrough (confirmed
≥ 1 log10 increase in HBV DNA level from nadir) and
cumulative probability of HBV antiviral drug resistance
were determined through week 48.
Serological response was defined as the disap
pearance of HBeAg positivity (HBeAg loss) and then
HBeAb positivity (HBeAg seroconversion). Serum HBeAg
and HBeAb were measured with a radioimmunoassay
(RIA) according to the manufacturer’s protocol (Abbott
Laboratories, Chicago, IL, United States).

Safety analyses

Cumulative safety was assessed through week 48.
HBV-related outcomes, including ALT flares, hepatic
decompensation, and HCC, were also assessed. The
occurrences of serious adverse events and deaths
were reported for all enrolled patients. Serum levels
of creatinine and creatinine clearance (eGFR using
CKD-EPI) were evaluated as categorical end points
(confirmed serum levels of creatinine increase from
baseline ≥ 0.5 mg/dL and creatinine clearance < 50
mL/min) and creatinine was evaluated as a continuous
variable.

Follow-up evaluation

All patients were monitored at least every 3 mo during
the antiviral treatment period. Biochemical (serum
AST, ALT) and virological parameters (HBeAg, HBeAb
status, and quantitative HBV DNA) were assessed at
every visit. Imaging studies with USG or liver dynamic
CT were performed at every 6 mo. Renal safety in
TDF-treated patients was also evaluated in terms of
serum levels of creatinine and eGFR every 3 mo.

Statistical analysis

Treatment-efficacy analyses

Continuous variables are expressed as mean ±
SD. Serum HBV DNA levels were expressed on

The primary efficacy endpoints were biochemical,
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Table 1 Baseline characteristics of the compensated and decompensated liver cirrhosis groups

Male/female
Age (yr)
HBeAg positive
HBV DNA (log10 copies/mL)
ALT (IU/L)
TB (mg/dL)
PT INR
Albumin (g/dL)
Platelet count(103/μL)
Child score
MELD score
Ascites
Episode of HE
Episode of varix bleeding

All (n = 174)

Compensated LC (n = 117)

Decompensated LC (n = 57)

P value

114/60
52.2 ± 11.0
78/96 (44.8%)
6.49 ± 1.40
92.8 ± 165.6
1.71 ± 2.40
1.27 ± 0.29
3.9 ± 2.95
115.0 ± 48.5
6.1 ± 1.6
10.1 ± 4.0

73/44
52.3 ± 11.0
50/67 (42.7%)
6.34 ± 1.40
77.2 ± 115.2
1.06 ± 0.97
1.14 ± 0.12
4.35 ± 3.51
127.7 ± 47.4
5.2 ± 0.5
8.3 ± 1.87

41/16
51.9 ± 11.0
28/29 (49.1%)
6.79 ± 1.35
124.4 ± 235.5
3.04 ± 3.61
1.49 ± 0.36
3.03 ± 0.66
90.9 ± 41.1
8.0 ± 1.5
13.4 ± 4.76
20
1
4

0.238
0.889
0.516
0.065
0.014
0.000
0.000
0.000
0.000
0.000
0.000

Changes in HBV DNA (log10 coples/mL)

LC: Liver cirrhosis.

IU/L, P = 0.014). The proportion of HBeAg positivity
was similar in both groups (42.7% vs 49.1%, P =
0.516). The decompensated group had higher CTP
and MELD scores, hepatic function (total bilirubin,
albumin, PT INR), and platelet counts (P < 0.001 for
all). In the decompensated cirrhosis group, 20 (35.0%)
patients had ascites, 1 (1.7%) had episodes of hepatic
encephalopathy, and 4 (7.0%) experienced variceal
bleeding.

Compensated LC
Decompensated LC

0

P = 0.310

-1
-2
-3
-4
-5

0

3

6
t/mo

9

Virological, biochemical and serological responses

12

Virological, serological, and biochemical responses are
presented in Table 2. Overall, TDF treatment over 12
mo resulted in a progressive reduction in serum levels
of HBV DNA (-4.07 log10 copies/mL at 6 mo, and -4.30
log10 copies/mL at 12 mo).
Moreover, undetectable HBV DNA levels were
observed in 144 of 174 (82.8%) patients during the
12 mo of TDF treatment. The mean reductions in HBV
DNA levels at 6 and 12 mo did not significantly differ
between the groups (P = 0.31; Figure 2). However,
there was a significant difference in CVR; it was higher
in the compensated group (88.9% vs 70.2%, P =
0.005). There was no virological breakthrough in any
patient during the follow-up period. Regarding the
biochemical response, ALT normalization was similar
between the groups after 12 mo of TDF therapy (77.2%
vs 65.8%, P = 0.161).
Of the 78 HBeAg-positive patients, 6 (7.7%) and
7 (8.9%) exhibited HBeAg seroconversion at months
6 and 12, respectively, with similar proportions being
observed in each group (10.7% vs 6% at 6 mo, P =
0.664, and 14.2% vs 6% at 12 mo, P = 0.373). This
distribution was consistent with the HBeAg loss (0%
vs 4% at 6 mo, P = 0.427; and 0% vs 4% at 12 mo,
P = 0.517). Subgroup analyses according to HBeAg
status showed that CVR in HBeAg-positive patients
were significantly lower in the decompensated group
(P = 0.01, Table 3). During 12 mo of TDF therapy,
the cumulative rate of CVR was significantly higher
in HBeAg-negative than in HBeAg-positive patients

Figure 2 The mean changes in serum HBV DNA levels of the decom
pensated and compensated cirrhosis group. There were no significant
differences in the reduction of serum HBV DNA levels between two groups (P =
0.310). LC: Liver cirrhosis.

a logarithmic scale. Between group comparisons
were performed using Student t test or the Mann2
Whitney U test for continuous variables, and the χ
test or Fisher’s exact test for categorized variables, as
appropriate. The multivariate analysis using a logistic
regression model was used to determine predictive
factors for CVR among various variables including age,
pretreatment ALT levels, and viral status. A P value
of < 0.05 was considered to be significant (SPSS 17,
Chicago, IL, United States).

RESULTS
Clinical characteristics of the patients

In total, 174 patients were examined in this study from
January, 2013 to January 2014. Of these patients, 57
were assigned to the decompensated cirrhosis group
and 117 to the compensated cirrhosis group. The
baseline characteristics of the two groups are shown
in Table 1. The mean age was 52 years old and 65.5%
of the patients were males. Mean serum levels of
ALT were higher in the decompensated cirrhosis than
compensated cirrhosis group (124.4 IU/L vs 77.2
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Table 2 Virological, serological and biochemical response after 12 mo of tenofovir disoproxil fumarate therapy n (%)

Virological response
Change in serum HBV DNA level
Month 6
Month 12
Serum HBV DNA undetectable1
Month 6
Month 12
Serological
HBeAg seroconversion
Month 6
Month 12
HBeAg loss
Month 6
Month 12
Biochemical
ALT normalization
Month 6
Month 12

P value

All

Compensated LC

Decompensated LC

(n = 174)

(n = 117)

(n = 57)

-4.07 ± 1.39
-4.30 ± 1.38

-4.00 ± 1.42
-4.20 ± 1.39

-4.20 ± 1.32
-4.49 ± 1.35

0.581
0.310

96 (55.2)
144 (82.8)

67 (57.3)
104 (88.9)

29 (50.9)
40 (70.2)

0.516
0.005

6/78 (7.7)
7/78 (8.9)

3/50 (6.0)
3/50 (6.0)

3/28 (10.7)
4/28 (14.2)

0.664
0.373

2/78 (2.5)
2/78 (2.5)

2 (4.0)
2 (4.0)

0 (0)
0 (0)

0.427
0.517

108 (62.0)
121 (69.5)

72 (61.5)
77 (65.8)

36 (63.2)
44 (77.2)

0.869
0.161

1

HBV DNA < 116 copies/mL. LC: Liver cirrhosis. HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

Table 3 Virological response after 12 mo of tenofovir disoproxil fumarate therapy according to HBeAg status n (%)
All
Virological response of HBeAg positive patients (n = 78)
Change in serum HBV DNA level
Month 6
-4.32 ± 1.33
Month 12
-4.65 ± 1.33
Serum HBV DNA undetectable
Month 6
31 (39.7)
Month 12
54 (74.3)

Virological response of HBeAg negative patients (n = 96)
Change in serum HBV DNA level
Month 6
-3.86 ± 1.40
Month 12
-4.01 ± 1.37
Serum HBV DNA undetectable
Month 6
65 (67.7)
Month 12
90 (93.7)

P value

Compensated LC

Decompensated LC

(n = 50)

(n = 28)

-2.89
-4.56 ± 1.45

-3.18
-4.82 ± 1.08

0.926
0.701

20/50 (40)
40/10(80)
Compensated LC
(n = 67)

11/17(39.2)
14/14(50)
Decompensated LC
(n = 29)

1.000
0.010

-3.78 ± 1.39
-3.94 ± 1.30

-4.04 ± 1.43
-4.19 ± 1.51

0.576
0.534

47/20 (70.1)
64/3 (95.5)

18/11 (62.0)
26/3 (89.6)

0.481
0.362

LC: Liver cirrhosis. HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

these values of pre- and post-treatment (Figure 3).
For all 57 patients, the mean CTP score (8.0 vs 6.3),
and MELD score (13.4 vs 10.5) improved after 12 mo
of TDF treatment vs baseline (all P < 0.001). Of them,
27 (49.1%) patients showed an improvement of ≥
2 points in CTP score. Of the remaining 30 (50.9%)
patients, 12 achieved CTP class A with a 1-point of
improvement; 4 did not achieve CTP class A despite
1 point in improvement; 11 showed no change, and
3 experienced aggravation. As a result, 39 of the 57
(68.4%) patients achieved CTP class A (score 5 or 6)
after 12 mo of TDF.

(93.7% vs 74.3%, P < 0.001).
Logistic regression analyses with adjustments
for potential baseline confounders (age, sex, HBeAg
status, initial HBV DNA levels, and categories of liver
disease) showed that baseline HBeAg seropositivity
and decompensated liver disease status were the only
independent predictive factors that adversely affected
CVR during TDF therapy (OR = 5.617, 95%CI:
2.011-15.689, P = 0.001, OR = 0.340; 95%CI:
0.139-0.829, P = 0.018, respectively; Table 4).

Changes in hepatic function after 12 mo of TDF therapy
in the decompensated group

Safety

To evaluate the influence of TDF therapy on hepatic
function reserve in the decompensated group, we
measured the CTP and MELD score and compared
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Changes of creatinine clearance (eGFR) during TDF
therapy are shown in Figure 4 and Table 5. There were
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Table 4 Multivariate analysis for complete virological response after 12 mo of tenofovir disoproxil fumarate therapy
Regression coefficient

Standard error

OR (95%CI)

P value

-0.018
0.427
0.001
1.726

0.022
0.543
0.001
0.524

0.982 (0.941-1.025)
1.533 (0.529-4.439)
1.001 (0.999-1.003)
5.617 (2.011-15.689)

0.412
0.431
0.342
0.001

0.117
-1.080

0.184
0.456

1.124 (0.784-1.611)
0.340 (0.139-0.829)

0.525
0.018

Age (per year)
Sex
ALT level (per 1 IU/L)
HBeAg
Positivity
Negativity
Baseline HBV DNA (per 1 log10 copies/mL)
Diagnosis
Compensated
Decompensated

vertical transmission.
HBV DNA levels after TDF treatment over 12
mo markedly decreased in both the compensated
and decompensated groups. CVR after 12 mo was
70.2% in the decompensated cirrhosis patients,
significantly lower than in the compensated group
(88.9%, P = 0.005). The rate of DNA negativity in
[7]
the former group was similar to a previous report .
Moreover, logistic regression analyses showed that
baseline HBeAg seropositivity and decompensated
cirrhosis were independent predictive factors adversely
affecting CVR. No studies to date have compared
decompensated and compensated groups treated
[6]
with TDF. The entecavir study reported by Shim et al
showed no significant difference in HBV DNA negativity
between compensated and decompensated cirrhosis
patients. The lower CVR in the decompensated group
of our study than in the entecavir study may be due
to the higher baseline MELD score. Moreover, the
stricter cut-off level (HBV-DNA level < 116 copies/mL)
could also have contributed to this result. However,
even considering these factors, the lower CVR in the
decompensated group suggests that there would be
a higher risk of hepatic events and mortality in such
patients, because entecavir-treated cirrhosis patients
without CVR have a higher risk of hepatic events and
[8]
mortality than CVR patients . Moreover, patients
without CVR show comparable risks of hepatic events
[8]
and mortality to untreated patients . Thus, we should
follow HBV DNA levels more carefully in TDF-treated
decompensated patients and check for possible hepatic
events more frequently in patients without CVR.
We also measured changes of CTP and MELD
scores in the decompensated group to evaluate the
effects of TDF on hepatic function. All patients in that
group showed improvements in the mean CTP and
MELD scores. Moreover, 49.1% of patients had an
improvement of ≥ 2 points in CTP score and 68.4%
of patients achieved CTP class A. This result is similar
[9,10]
several previous studies
. Here we showed that
TDF therapy not only decreased the HBV DNA level
effectively but also improved the hepatic function in
the decompensated group.
In terms of renal function, TDF therapy was safe in
[10,11]
both groups, consistent with some previous studies
.

Table 5 Changes of creatinine clearance (eGFR) during
tenofovir disoproxil fumarate therapy for 12 mo
All
(n = 174)

Baseline
Week 12
Week 24
Week 36
Week 48

95.2 ± 17.8
91.1 ± 16.2
91.1 ± 17.5
90.6 ± 16.6
90.7 ± 18.4

Mean eGFR (CKD-EPI equation)
Compensated
LC
(n = 117)

Decompensated
LC
(n = 57)

95.4 ± 14.8
93.2 ± 13.0
92.2 ± 14.2
91.1 ± 14.4
91.6 ± 14.9

94.8 ± 23.0
86.6 ± 21.1
89.2 ± 22.0
89.7 ± 20.3
88.9 ± 23.8

P value

0.880
0.205
0.895
0.943
0.959

LC: Liver cirrhosis.

no statistically significant differences in eGFR between
the groups during TDF therapy. Seven patients (three
in the compensated vs four in the decompensated
group, 2.5% vs 7.0%, P < 1.000, respectively) had
confirmed ≥ 0.5 mg/dL increases from baseline in
serum levels of creatinine (all also had confirmed
CLcr< 50 mL/min). Of these seven patients, two
patients had increased creatinine at 12 wk, one had it
at 24 wk, and four had it at 48 wk.

DISCUSSION
We examined the safety and efficacy of TDF for 48
wk in treatment-naïve decompensated cirrhosis
patients compared to compensated patients. We found
that TDF was effective both groups. Moreover, TDF
monotherapy significantly improved underlying liver
function. Previous studies have shown that entecavir
is also effective for decompensated cirrhosis and
[6]
improves liver function . However, the long-term
treatment efficacy and safety of TDF in decompensated
cirrhosis has not been well established.
In our study, the HBeAg seroconversion rate and
the HBeAg loss rate were similar between the groups
but were considerably lower than in a previous Liaw’s
[7]
study . That study was a phase 2, multi-center, rando
mized trial conducted at several hospitals in Europe,
Canada, Singapore, Taiwan, and the United States.
However, our study represented real-world data from
Korea. The differences may also be due to the high
prevalence of the HBV genotype C, acquired through
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P < 0.001

6.3 ± 1.3
10

5

0

13.4 ± 4.7

30

8.0 ± 1.5
Change in MELD score

Change in Child score

15

Baseline

P < 0.001

10.5 ± 3.9
20

10

0

12 mo

Baseline

12 mo

Figure 3 The changes of the Child-Turcotte-Pugh and model for end-stage liver disease scores in the decompensated group after tenofovir disoproxil
fumarate treatment for 12 mo. The mean Child-Turcotte-Pugh (CTP) score (8.0 ± 1.5 vs 6.3 ± 1.3) and model for end-stage liver disease (MELD) scores (13.4 ± 4.7
vs 10.5 ± 3.9) improved after 12 mo of tenofovir disoproxil fumarate treatment than at baseline (P < 0.001 for all). CTP: Child-Turcotte-Pugh; MELD: Model for Endstage Liver Disease.

MEan eGFR-EPI

100

decompensated cirrhosis patients was effective for
decreasing HBV DNA levels and improving hepatic
function with relatively lower CVR than in compensated
cirrhosis. Thus, physicians should carefully monitor not
only renal function but also treatment responses when
using TDF in decompensated cirrhosis patients.

Total
Compensated LC
Decompensated LC

105

P = 0.880

P = 0.205

95

P = 0.895

P = 0.943

P = 0.959

90

COMMENTS
COMMENTS

85
80

Background
Baseline

12 wk

24 wk

36 wk

Currently, there is little information regarding 1-year treatment efficacy and
safety with tenofovir in chronic hepatitis B virus-related decompensated
cirrhosis.

48 wk

Figure 4 The changes of creatinine clearance (eGFR) during the tenofovir
disoproxil fumarate therapy. Of seven patients with increased serum creatinine
more than 0.5 mg/dL, three were in compensated group and four were in
decompensated group (2.5% vs 7.0%, P < 1.000). There were no statistically
significant differences in the changes of creatinine clearance between the
decompensated and the compensated group during treatment. LC: Liver cirrhosis.

Innovations and breakthroughs

Authors aim to evaluate the safety and efficacy of tenofovir disoproxil fumarate
(TDF) as a first-line therapy in decompensated liver disease.

Applications

TDF therapy in decompensated cirrhosis patients was effective for decreasing
hepatitis B virus DNA levels and improving hepatic function with relatively lower
complete virological response than in compensated cirrhosis. Thus, physicians
should carefully monitor not only renal function but also treatment responses
when using TDF in decompensated cirrhosis patients.

[12]

However, Tsai et al
reported that TDF is an in
dependent predictor of renal dysfunction and the
AASLD guidelines recommend follow-up of renal
[4]
function in patients after TDF treatment . In our
study, the decompensated group showed a higher
rate of decreasing renal function (7.0% vs 2.5%) but
the difference was not statistically significant. Thus,
we should be cautious about TDF therapy, particularly
in high-risk groups for renal dysfunction, such as
patients with uncontrolled diabetes, proteinuria, and
[3]
poorly controlled hypertension . Recently, tenofovir
alafenamide (TAF) was introduced as an effective and
[13-15]
safe drug
. TAF therapy can be safe and effective for
groups at high risk for renal dysfunction. In the future,
a TAF study in decompensated cirrhosis patients is
needed.
This study had several limitations. First, the study
was retrospective design and the patient number was
small, thus a prospective study is needed. Second, the
follow up period was 1 year, which was sufficient, but
data from a longer follow-up period are needed.
In conclusion, we showed that TDF therapy in
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Abstract
AIM
To investigate serum mean platelet volume (MPV)
levels in acute pancreatitis (AP) patients and assess
whether MPV effectively predicts the disease severity of
AP.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the Affiliated
Baiyun Hospital of Guizhou Medical University, Guiyang, China.
Informed consent statement: All study participants or their
legal guardian provided informed written consent prior to study
enrollment.

METHODS
We included 117 consecutive patients with AP as the AP
group and 34 consecutive patients with colorectal polyps
(before endoscopic treatment) as the control group.
Complete blood counts, liver function, platelet indices
(MPV), coagulation parameters, lactate dehydrogenase
(LDH) and C-reactive protein (CRP) were measured
on days 1, 2, 3 and 7 after admission. Receiver opera
ting characteristic curves were used to compare the
sensitivity and specificity of MPV, white blood cell (WBC),
LDH and CRP in predicting AP severity. The Modified
Glasgow Prognostic Score (mGPS) and the 2012 revised
Atlanta criteria were used to evaluate disease severity in
AP.
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licenses/by-nc/4.0/

RESULTS
MPV levels were significantly lower in the AP group
than in the control group on day 1 (P = 0.000), day
2 (P = 0.029) and day 3 (P = 0.001) after admission.
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in which both the inflammatory and coagulation sys
tems are considered ticking time bombs. The most
extreme cases can result in multiple organ dysfunction
and disseminated intravascular coagulation. Platelet
activation appears to play an important role in both
the inflamed pancreas itself and remote organ failure
[1]
(OF) . Indeed, complex interactions occur between
inflammation and hemostasis. Inflammation increases
procoagulant factors, and coagulation augments infla
mmation. Because SAP is associated with systemic
complications and high mortality, and approximately
half of SAP patients show no clinical signs of OF during
[2-4]
the first hours or even days of hospitalization , it is
important to identify the mechanisms that induce the
switch from mild to severe AP and the point at which
this switch occurs. The adjunctive use of additional
markers may add significant benefit to the prediction
of disease severity and improve diagnostic accuracy.
Mean platelet volume (MPV) is a parameter in
complete blood count analysis that measures average
platelet size. As an indicator of thrombocytic activity,
MPV has been investigated in various proinflammatory
[5]
and prothrombotic clinical states . Increased MPV
has been associated with the risk of thrombosis and
observed in patients with acute myocardial infarction,
acute cerebral ischemia, and transient ischemic
[6-9]
attack . High-grade inflammatory conditions such
[10]
[11]
as inflammatory bowel disease , ulcerative colitis ,
[12-14]
[15]
acute appendicitis
, acute cholecystitis , chronic
[16]
hepatitis B , rheumatoid arthritis and familial Medi
terranean fever are characterized by small platelets,
and disease remission is characterized by large
[7,17-19]
platelets
. However, the relationship between MPV
and AP remains unclear. In addition, there are few
previous studies in this area, and their results have
[20-22]
been conflicting
. Therefore, the objective of the
present study was to evaluate serum MPV levels in
AP and determine whether MPV is more useful than
previously established single biochemical markers in
predicting AP severity.

In addition, MPV values were lower on day 1 after
admission than on day 2 (P = 0.012), day 3 (P = 0.000)
and day 7 (P = 0.002) in all AP patients. Based on the
mGPS, 78 patients (66.7%) were diagnosed with mild
and 39 patients (33.3%) with severe AP. There was
no significant difference in mean MPV levels between
patients diagnosed with mild and severe AP based on
the mGPS (P = 0.424). According to the 2012 revised
Atlanta criteria, there were 98 patients (83.8%)
without persistent organ failure (OF) [non-severe acute
pancreatitis (non-SAP) group] and 19 patients (16.2%)
with persistent OF (SAP group). MPV levels were signi
ficantly lower in the SAP group than in the non-SAP
group on day 1 after admission (P = 0.002). On day
1 after admission using a cut-off value of 6.65 fL, the
overall accuracy of MPV for predicting SAP according to
the 2012 revised Atlanta criteria (AUC = 0.716) had a
sensitivity of 91.8% and a specificity of 47.4% and was
superior to the accuracy of the traditional markers WBC
(AUC = 0.700) and LDH (AUC = 0.697).
CONCLUSION
MPV can be used at no additional cost as a useful, noninvasive biomarker that distinguishes AP with persistent
OF from AP without persistent OF on day 1 of hospital
admission.
Key words: Persistent organ failure; Acute pancreatitis;
Mean platelet volume; White blood cell; C-reactive
protein; Lactate dehydrogenase
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mean platelet volume (MPV) is a machinecalculated measurement of average platelet size that
is easily obtained using automatic blood count equip
ment at no additional cost and is often overlooked by
clinicians. However, the relationship between MPV and
acute pancreatitis (AP) remains unclear, and previous
studies have been limited and produced conflicting
results. In the present study, we demonstrated that
the MPV was significantly lower in AP patients than in
controls during the first three days after admission,
particularly on day 1 after admission. Moreover, on day
1 of hospital admission, white blood cell count, lactate
dehydrogenase and C-reactive protein measures were
not as sensitive as MPV for predicting persistent organ
failure in AP patients.

MATERIALS AND METHODS
In this study, we included 117 patients who were
diagnosed with a first attack of AP (AP group) and
34 consecutive patients with colorectal polyps who
had not yet undergone endoscopic treatment (control
group). Extensive demographic, radiographic, and
laboratory data were prospectively collected for all
included patients. The following exclusion criteria were
applied: (1) pancreatic tumor; (2) a > 5-year history
of heavy drinking (> 50 g/d); (3) age younger than 18
years; (4) admitted more than 24 h after the onset of
the disease; and (5) pre-existing chronic pancreatitis
and a previous history of AP. This study was approved
by the Institutional Review Board of the Affiliated
Baiyun Hospital of Guizhou Medical University and
conformed to the requirements of the Declaration of
Helsinki. Informed written consent was obtained from

Lei JJ, Zhou L, Liu Q, Xiong C, Xu CF. Can mean platelet
volume play a role in evaluating the severity of acute pancreatitis?
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INTRODUCTION
Severe acute pancreatitis (SAP) is a critical illness
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all participants.
AP was diagnosed if a patient presented at least
two of the three following findings: (1) abdominal pain
characteristic of AP (i.e., acute onset of persistent and
severe epigastric pain that often radiated to the back);
(2) elevated serum amylase and/or lipase levels
higher than three times the upper normal limit; and
(3) characteristic findings in imaging studies, including
abdominal ultrasonography or computed tomography
[23]
(CT), consistent with AP . Hyperlipidemic AP was
considered when serum triglyceride levels were higher
than 11.3 mmol/L in parallel with clinical manifestations
or when blood triglyceride levels were 5.56-11.30
mmol/L in cases where chylous effusion was confirmed
[24]
and other diseases were excluded . Biliary AP was
diagnosed when a gallstone or biliary sludge was
observed on abdominal ultrasonography or CT. Alcohol
was considered a cause of AP in patients who had
a history of alcohol consumption within 48 h before
symptom onset and in whom other possible causes
were ruled out. Etiology was considered idiopathic when
causative factors could not be identified from a detailed
clinical and drug history or after initial investigations.
A Modified Glasgow Prognostic Score (mGPS) and
the 2012 revised Atlanta criteria were used to evaluate
disease severity in AP.
[25]
According to the mGPS , eight variables [age >
9
55 years; white blood cell (WBC) count > 15 × 10 /L;
blood glucose > 10 mmol/L; blood urea > 16 mmol/L;
arterial oxygen partial pressure < 8.0 kPa; serum
albumin < 32 g/L; serum calcium < 2.0 mmol/L;
and lactate dehydrogenase (LDH) > 600 U/L] were
analyzed, and patients were subsequently graded as
having mild AP (score < 3) or severe (score ≥ 3) AP.
Patients were categorized into the following three
groups based on the most recent 2012 revised Atlanta
[23]
Classification : MAP: patients without OF and without
local complications; MSAP: patients with OF for less
than 48 h or local complications; and SAP: patients
with OF for more than 48 h. Since the main purpose
of this study was to distinguish SAP in the early stage
of the disease, MSAP and MAP were merged with
the non-SAP group, while AP with persistent OF was
considered the SAP group.
The following criteria were used for OF: (1)
respiratory failure: an oxygenation index (OI) lower
than 300; (2) renal failure: a serum creatinine level
higher than 170 μmol/L or 1.9 mg/dL; and (3) cardiac
failure: systolic blood pressure lower than 90 mmHg
and no response to fluid resuscitation.
The withdrawal criterion was that the patient
himself/herself or the authorized person requested to be
withdrawn from the study. Indications for discontinuing
therapy included the following: (1) disappearance of
specific abdominal symptoms, (2) Marshall score <
[23]
2, and (3) triglycerides < 5.6 mmol/L . Contrastenhanced computed tomography was performed in
required cases on day 4 after admission to identify
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pancreatic necrosis (PNec), local complications, and
possible AP etiology.
Clinical data, including the patients’ gender, age,
body temperature, pulse, blood pressure, respiratory
rate, complete blood cell count, platelet count, chemical
examination results, monitoring indicators, and
hematocrit, glucose, creatinine, blood urea nitrogen,
and electrolyte levels, were collected on days 1, 2, 3
and 7 after admission.

Statistical analysis

Data were collected and entered into a Microsoft Excel
database. After data collection was completed, the
data were imported into SPSS for Windows (21.0,
SPSS, Chicago, IL, United States). Data are presented
as the mean ± SD for normally distributed continuous
variables. Two-group comparisons were made using the
paired samples t-test and Mann-Whitney U test. Oneway ANOVA was used to identify differences among
multiple groups with normally distributed variables.
Diagnostic accuracy was portrayed as the area under
the curve (AUC) for receiver-operator curves (ROCs).
When a significant cut-off value was observed, the
sensitivity, specificity, and positive and negative
predictive values are presented. Two-sided P values <
0.05 were considered statistically significant. Categorical
variables are expressed as absolute numbers and
2
proportions. Pearson’s χ test or Fisher’s exact test was
used to compare categorical variables. A P value < 0.05
was considered statistically significant.

RESULTS
A total of 117 patients with AP and 34 control sub
jects were enrolled in the present study. The clinical
differences and laboratory results of the study
participants are presented in Table 1. There were no
significant differences in sex and age between the
AP and control groups. Serum MPV and antithrombin
III (AT-III) levels were significantly lower in the AP
patients than in the control group, and WBC, serum
fibrinogen (FIB) and D-dimer (D-D) levels were
significantly higher in the AP patients than in the
control group.
The most common cause of AP was biliary origin
in 51 (43.6%) patients, followed by hyperlipidemic
acute pancreatitis in 45 (38.5%), idiopathic etiology
in 18 (15.4%) and excessive alcohol consumption
in 3 (2.6%) patients. No patient whose disease was
induced by drugs or endoscopic retrograde cholangio
pancreatography was included in this study (Figure 1).
MPV levels were significantly lower in patients with
AP than in the control group (F = 13.92, P = 0.000).
Table 2 and Figure 2 show the mean MPV values in
the AP and control patients on days 1, 2, 3 and 7 after
admission. MPV levels were significantly lower in the
AP patients than in the control group on day 1 (P =
0.000), day 2 (P = 0.029) and day 3 (P = 0.001) after
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admission, and lower than that of WBC (AUC = 0.681),
LDH (AUC = 0.724) and CRP (AUC = 0.754) on day 3
after admission (Figure 3 and Table 4).
The AP patients were divided into the three groups
according to the 2012 revised Atlanta criteria: 24
(20.5%) patients were classified as mild, 74 (63.2%)
patients were classified as moderate, and 19 (16.2%)
patients were classified as severe. Because SAP is
characterized by persistent OF (≥ 48 h) and has
different prognoses and high mortality, patients with
persistent OF were viewed as a single group, while
patients with mild and moderate AP were merged into
another group. A subgroup analysis was performed
between these two groups (i.e., the non-SAP and SAP
groups). There were 98 patients (83.8%) in the nonSAP group and 19 patients (16.2%) in the SAP group.
The results of comparisons of MPV, WBC, LDH and
CRP between the SAP (according to the 2012 revised
Atlanta criteria) and non-SAP groups on days 1, 2, 3
and 7 after admission are shown in Table 5. Mean MPV
levels were significantly lower in the SAP group than
in the non-SAP on day 1 after admission. In addition,
the overall accuracy of MPV in predicting persistent OF
(according to the 2012 revised Atlanta criteria) (AUC =
0.716) was superior to that of traditional WBC (AUC =
0.700), LDH (AUC = 0.697) on day 1 after admission,
superior to that of CRP (AUC = 0.667), and WBC (AUC
= 0.676) on day 2 after admission, and superior to
that of LDH (AUC = 0.655) on day 3 after admission.
However, the accuracy of MPV was inferior to that of
LDH (AUC = 0.740) on day 2 after admission and to
those of WBC (AUC = 0.735) and CRP (AUC = 0.749)
on day 3 after admission (Figure 4 and Table 6).

Etiology

%
56
2.

15.38%

38.46%

43.59%

Biliary origin
Hyperlipidemic acute
pancreatitis
Excessive alcohol
consumption
Idiopathic etiology

Figure 1 Distribution of acute pancreatitis patients according to etiology.

Table 1 Demographic features and laboratory values of the
patients and controls
Acute pancreatitis
(n = 117)

Control group
(n = 34)

Age (yr)
46.98 ± 14.42
50.53 ± 12.18
Gender (M/F)
72 (61.5%)/45 (38.5%) 19 (55.9%)/15 (44.1%)
MPV (fL)
8.72 ± 2.37
10.98 ± 1.40
WBC (× 109/L)
13.28 ± 3.84
5.99 ± 1.64
Platelet (× 109/L)
180.00 ± 65.04
203.56 ± 52.73
AT-III (%)
90.93 ± 19.00
101.44 ± 10.36
APTT (S)
37.96 ± 14.12
36.79 ± 4.14
PT (S)
12.85 ± 1.14
12.63 ± 0.62
FIB (g/L)
3.68 ± 1.45
2.91 ± 0.51
D-D (μg/mL)
1.16 ± 1.14
0.27 ± 0.16
Hb (g/L)
143.69 ± 26.04
147.53 ± 14.76
Hct (%)
42.91 ± 6.46
44.75 ± 4.51

P value
0.1171
0.5572
0.00061
0.0001
0.0601
0.0001
0.6351
0.1441
0.0001
0.0001
0.4211
0.1281

1

t-test; 2χ 2 test. MPV: Mean platelet volume; WBC: White blood cells; ATIII: Antithrombin III; APTT: Activated partial prothrombin time; PT:
Prothrombin time; FIB: Fibrinogen; D-D: D-dimers; Hb: Hemoglobin; Hct:
Hematocrit.

DISCUSSION
MPV is a machine-calculated measurement of average
platelet size that is easily measured with automatic
blood count equipment at no additional cost and is
often overlooked by clinicians. Many studies have
reported that MPV is a commonly used marker of
platelet production and function, and MPV has also
been shown to reflect inflammatory burden. Evidence,
especially data from prospective studies and a metaanalysis, have suggested that there is a correlation
between an increase in MPV and the risk of thrombosis
and between a decrease in MPV in patients with
inflammation and a reversal in the course of anti[5]
inflammatory treatment . AP presents as acute
inflammation that is accompanied by thrombosis
and bleeding disorders, and platelet activation plays
an important role in AP. Because established serum
biomarkers are only modestly useful in reflecting
disease severity in AP, alternative, cheap, easily
applicable and non-invasive markers are needed. We
therefore performed this study to evaluate the role
of MPV in predicting AP severity and to compare its
efficacy with that of other serological markers, such as

admission. In addition, MPV levels were significantly
lower in AP patients on day 1 than on day 2 (P = 0.012),
day 3 (P = 0.000) and day 7 (P = 0.002).
According to the mGPS, 78 AP patients (66.7%)
were classified as MAP, and 39 AP patients (33.3%)
were classified as SAP. Serum MPV, WBC, LDH and
C-reactive protein (CRP) levels in the MAP and SAP
patients according to the mGPS were calculated on
days 1, 2, 3, and 7 after admission, as shown in Table
3. There was no significant difference in mean MPV
levels between the MAP and SAP groups according to
the mGPS on days 1, 2, 3 and 7 after admission. CRP
levels were significantly higher in the SAP group than
in the MAP group on days 2, 3 and 7 after admission.
WBC and LDH levels were significantly higher in the
SAP group than in the MAP group on days 1, 2, 3 and
7 after admission. ROC curve analysis showed that
the overall accuracy of MPV in predicting SAP (AUC
= 0.540) was lower than that of traditional WBC and
LDH (AUC = 0.737, 0.669 respectively) on day 1 after
admission, lower than that of CRP (AUC = 0.651), LDH
(AUC = 0.753) and WBC (AUC = 0.675) on day 2 after
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Figure 2 Mean platelet volume levels in acute pancreatitis patients (on days 1, 2, 3 and 7 after admission) and controls. MPV: Mean platelet volume.
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Figure 3 Receiver operating characteristic curves for mean platelet volume and other inflammation markers on days 1, 2 and 3 after admission for severe
acute pancreatitis according to the Modified Glasgow Prognostic Score. A: ROC curve for MPV and other inflammation markers on day 1 after admission; B:
ROC curve for inflammation markers on day 2 after admission; C: ROC curve for inflammation markers on day 3 after admission.
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Figure 4 Receiver operating characteristic curves for mean platelet volume and other inflammation markers on days 1, 2 and 3 after admission for
persistent organ failure according to the 2012 revised Atlanta criteria. A: ROC for mean platelet volume (MPV) and other inflammation markers on day 1 after
admission; B: ROC curve of inflammation markers on day 2 after admission; C: ROC curve of inflammation markers on day 3 after admission.

Table 2 Mean platelet volume levels in acute pancreatitis patients (on days 1, 2, 3 and 7 after admission) and controls
AP Patients
a

MPV1 (fL)

MPV2

8.72 ± 2.37
a

a,c

(fL)

9.67 ± 2.37

MPV3

a,c

(fL)

9.77 ± 1.84

Controls

F value

P value

10.98 ± 1.40

13.92

0.000

c

MPV7 (fL)
10.44 ± 1.66

P < 0.05 vs control group; cP < 0.05 vs mean platelet volume (MPV) on day 1 after admission. AP: Acute pancreatitis.

Table 3 Mean platelet volume, white blood cells, lactate dehydrogenase and C-reactive protein on days 1, 2, 3 and 7 after
admission between mild and severe acute pancreatitis according to the Modified Glasgow Prognostic Score

MPV1 (fL)
MPV2 (fL)
MPV3 (fL)
MPV7 (fL)
WBC1 (× 109/L)
WBC2 (× 109/L)
WBC3 (× 109/L)
WBC7 (× 109/L)
LDH1 (U/L)
LDH2 (U/L)
LDH3 (U/L)
LDH7 (U/L)
CRP1 (mg/L)
CRP2 (mg/L)
CRP3 (mg/L)
CRP7 (mg/L)

Mild pancreatitis (n = 78)

Severe pancreatitis (n = 39)

t

P value

8.85 ± 2.32
9.66 ± 2.32
9.68 ± 1.84
10.40 ± 1.59
12.26 ± 3.62
10.52 ± 3.63
8.51 ± 0.19
6.82 ± 2.26
230.70 ± 79.79
187.49 ± 51.72
181.17 ± 44.77
180.29 ± 46.22
42.53 ± 71.33
76.83 ± 69.50
68.62 ± 61.01
23.12 ± 31.93

8.47 ± 2.49
9.67 ± 2.49
9.96 ± 1.84
10.52 ± 1.80
15.33 ± 3.47
13.26 ± 4.78
10.69 ± 3.56
9.53 ± 3.80
280.15 ± 102.28
258.95 ± 103.09
242.05 ± 84.61
227.25 ± 58.69
66.85 ± 96.00
129.77 ± 111.28
154.05 ± 114.50
66.49 ± 57.40

0.802
-0.024
-0.791
-0.357
-4.387
-3.456
-3.356
-4.831
-2.870
-4.080
-4.209
-4.366
-1.398
-2.718
-4.361
-4.391

0.424
0.981
0.430
0.721
0.000
0.001
0.001
0.001
0.005
0.000
0.000
0.000
0.167
0.009
0.000
0.000

MPV: Mean platelet volume; WBC: White blood cells; LDH: Lactate dehydrogenase; CRP: C-reactive protein.
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Table 4 Overall accuracy of mean platelet volume and other inflammation makers in predicting severe acute pancreatitis on days 1,
2 and 3 after admission according to the Modified Glasgow Prognostic Score

MPV1 (fL)
WBC1 (× 109/L)
LDH1 (U/L)
WBC2 (× 109/L)
LDH2 (U/L)
CRP2 (mg/L)
WBC3 (× 109/L)
LDH3 (U/L)
CRP3 (mg/L)

Cut-off value

AUC

Sensitivity

Specificity

PPV

NPV

Overall accuracy (%)

7.45
15.20
192.45
11.47
189.60
98.00
9.755
255.96
101.00

0.540
0.737
0.669
0.675
0.753
0.651
0.681
0.724
0.754

73.1
59.0
92.3
64.1
84.6
56.4
59.0
41.0
69.2

38.5
82.1
42.3
65.4
62.8
71.8
76.9
94.9
74.4

41.67
62.16
44.44
48.08
55.53
50.00
56.10
80.00
57.45

70.37
80.00
91.67
78.46
89.09
76.71
78.95
76.28
82.65

61.54
74.36
58.97
64.96
70.09
66.67
70.94
76.92
72.65

AUC: Area under curve; PPV: Positive predictive value; NPV: Negative predictive value; MPV: Mean platelet volume; WBC: White blood cells; LDH:
Lactate dehydrogenase; CRP: C-reactive protein.

Table 5 Mean platelet volume, white blood cells, lactate dehydrogenase and C-reactive protein on days 1, 2, 3 and 7 after
admission in the non-severe acute pancreatitis and severe acute pancreatitis groups according to the 2012 revised Atlanta criteria
Non-SAP group (n = 98)

SAP (n = 19)

t

P value

9.02 ± 2.27
9.84 ± 2.30
9.74 ± 1.88
10.39 ± 1.66
12.85 ± 3.79
10.95 ± 3.89
8.81 ± 3.38
7.22 ± 2.66
238.82 ± 90.06
196.39 ± 57.82
193.37 ± 57.37
190.58 ± 52.58
48.29 ± 79.96
84.56 ± 76.89
80.71 ± 68.79
29.96 ± 37.14

7.19 ± 2.34
8.77 ± 2.56
9.92 ± 1.61
10.72 ± 1.67
15.52 ± 3.36
13.94 ± 5.08
11.46 ± 3.02
10.31 ± 4.05
290.32 ± 82.45
288.30 ± 125.57
243.25 ± 95.41
223.59 ± 61.12
63.05 ± 86.57
145.63 ± 125.27
181.58 ± 140.16
76.84 ± 68.26

3.198
1.825
-0.387
-0.798
-2.864
-2.909
-3.174
-3.187
-2.311
-3.127
-2.203
-2.438
-0.726
-2.051
-3.066
-2.912

0.002
0.071
0.699
0.426
0.005
0.004
0.002
0.004
0.023
0.005
0.039
0.016
0.469
0.053
0.006
0.009

MPV1 (fL)
MPV2 (fL)
MPV3 (fL)
MPV7 (fL)
WBC1 (× 109/L)
WBC2 (× 109/L)
WBC3 (× 109/L)
WBC7 (× 109/L)
LDH1 (U/L)
LDH2 (U/L)
LDH3 (U/L)
LDH7 (U/L)
CRP1 (mg/L)
CRP2 (mg/L)
CRP3 (mg/L)
CRP7 (mg/L)

MPV: Mean platelet volume; WBC: White blood cells; LDH: Lactate dehydrogenase; CRP: C-reactive protein.

Table 6 Overall accuracy of mean platelet volume and other inflammation makers in predicting persistent organ failure on days 1, 2
and 3 after admission according to the 2012 revised Atlanta criteria

MPV1 (fL)
WBC1 (× 109/L)
LDH1 (U/L)
WBC2 (× 109/L)
LDH2 (U/L)
CRP2 (mg/L)
WBC3 (× 109/L)
LDH3 (U/L)
CRP3 (mg/L)

Cut-off value

AUC

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Overall accuracy (%)

6.65
13.55
239.08
12.36
263.28
63.50
9.32
260.87
206.50

0.716
0.700
0.697
0.676
0.740
0.667
0.735
0.655
0.749

91.8
60.2
73.7
63.2
52.6
78.9
78.9
42.1
42.1

47.4
78.9
62.2
70.4
86.7
49.0
65.3
89.7
95.9

52.49
27.78
27.45
29.27
43.48
38.46
30.61
44.44
66.67

70.00
93.65
92.42
90.80
90.43
92.31
94.12
88.89
89.52

67.52
63.25
64.10
69.23
81.20
53.00
67.52
82.05
87.17

AUC: Area under curve; PPV: Positive predictive value; NPV: Negative predictive value; MPV: Mean platelet volume; WBC: White blood cell; LDH: Lactate
dehydrogenase; CRP: C-reactive protein.

WBC, LDH and CRP.
Several previous studies have explored MPV in AP,
[20]
with conflicting results. Okuturlar et al
found that
MPV levels were significantly lower in both biliary and
[21]
non-biliary AP patients; Mimidis et al , in a study of
54 AP patients, found that MPV values were lower at
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onset (9.1 fL) than at remission (9.5 fL). However,
[22]
Akbal et al
reported that MPV was significantly
higher at admission in acute edematous pancreatitis
patients (8.6 ± 1.4 fL) than in controls (7.6 ± 0.7 fL) (P
< 0.005). The results of our study revealed that serum
MPV levels were lower in AP patients than in controls
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the cut-off LDH level on day 1 after admission for SAP
according to mGPS was 192.45 IU/L, with a sensitivity
of 92.3% and specificity of 42.3%, whereas the cutoff LDH level on day 3 after admission for severe AP
according to mGPS was 255.96 U/L, with a sensitivity
of 41.0% and specificity of 94.9%. These results
suggest that dynamic monitoring of serum LDH levels
is essential to making a correct diagnosis. The cutoff LDH level on day 1 after admission for persistent
OF according to the 2012 revised Atlanta criteria was
239.08 U/L, with a sensitivity of 73.7% and specificity
of 62.2%. On days 2 and 3 after admission, the LDH
cut-off values were 263.28 U/L and 260.87 U/L,
respectively, with a relatively higher specificity (86.7%
and 89.7%, respectively) and a lower sensitivity (52.6%
and 42.1%, respectively) for predicting persistent
OF. The normal reference value for LDH is 9-245 U/L,
suggesting that if LDH levels do not significantly
increase, the probability that persistent OF and SAP will
occur is small. Our results are consistent with those of
[29]
[30]
Tasić et al and Zrnić et al . Those authors observed
that LDH levels were significantly higher in patients
with severe pancreatitis than in patients with moderate
pancreatitis (P < 0.01).They also found that specificity
and diagnostic accuracy were highest for LDH on the
first day (67.74%; 57%) when predicting complications
of AP.
CRP is a neutrophil-activating peptide (acute phase
protein) that is synthesized in hepatocytes in multiple
cell lines. Its production is induced by the release of
interleukins (ILs) 1 and 6. Our results showed that on
day 1 after admission, plasma CRP levels were not
significantly different between MAP and SAP according
to mGPS, and there was no significant difference
between the non-SAP group and SAP defined based
on the 2012 revised Atlanta criteria, suggesting that in
AP patients, CRP levels are not likely to reflect disease
severity when measured during its early phase after
onset. However, on day 3 after admission, CRP levels
peaked (AUC = 0.754) in the ROC curve analysis
and were superior to WBC and LDH for predicting
SAP according to mGPS (Figure 3C and Table 4) and
persistent OF (AUC = 0.749) according to the 2012
revised Atlanta criteria (Figure 4C and Table 6). These
results suggest that despite its delayed increase, in
which CRP peaks no earlier than 72 h after symptom
[31]
onset, CRP remains among the most useful
serum
biochemical markers for predicting the severity and
progression of AP.
In conclusion, in the present study, we demonstrated
that MPV levels were lower in AP patients than in the
control group during the first week after admission.
In addition, MPV levels were lower in patients with
persistent OF than in patients without persistent OF.
Furthermore, MPV had higher sensitivity than WBC, LDH
and CRP for predicting AP with persistent OF on day 1
after admission. Serum MPV levels may be a useful tool
for predicting SAP as defined by the latest 2012 Atlanta

during the first week after admission. Furthermore,
MPV levels were higher after treatment, consistent with
[20]
the results described by Okuturlar et al
and Mimidis
[21]
et al
but in conflict with the results described by
[22]
Akbal et al . The exact reason why MPV is lower
in AP patients remains unclear, but it has been spe
culated that platelets not only control thrombosis and
hemostasis but also regulate inflammatory processes.
The lower MPV in AP may reflect an increase in the
consumption of large platelets at sites of pancreatitis
and distant organ inflammation, which may occur
[5]
before clinical manifestation of AP attacks . A higher
MPV in AP is thought to reflect a hypercoagulable state
in acute edematous pancreatitis, as reported by Akbal
[22]
[26]
et al and Boos et al , possibly due to inappropriate
blood sampling and storing.
[27,28]
Only two reports
have explored the role of
[27]
MPV in the severity of AP. Beyazit et al reported that
according to the mGPS, the overall accuracy of MPV
for identifying severe AP was 72.7% with a sensitivity,
specificity, NPV and PPV of 70.6%, 73.9%, 81.9%, and
[28]
60.0%, respectively (AUC = 0.762). Erbis et al found
that MPV was lower in acute necrotizing pancreatitis
(ANP) (7.2 ± 0.52 fL) than in edematous pancreatitis
(AEP) (7.9 ± 0.53 fL; P < 0.001). When they compared
the study groups using a ROC analysis, the results
demonstrated that the cut-off value for necrotizing
pancreatitis patients was 7.8 fL (AUC = 0.857), with
a sensitivity of 86.1% and specificity of 72.5%. In
the present study, MPV was significantly lower in
pancreatitis patients with persistent OF than in patients
without persistent OF, with a cut-off value of 6.65 fL,
which yielded a sensitivity of 91.8% and specificity of
47.4% (AUC = 0.716) in predicting AP with persistent
OF. Sensitivity and specificity represent the propor
tions of severe and mild attacks in AP, respectively.
Good sensitivity ensures that high-risk patients are
distinguished from those with mild, self-limiting disease
in the early stage of AP, which is important to allow
clinicians to identify potential OF patients and initiate
appropriate supportive treatments and interventions.
However, in this study, we found that there was no
advantage in predicting the severity of AP according to
the mGPS. The potential reasons for this discrepancy
include the following: first, our study is prospective, but
[27]
the results reported by Beyazit et al
were obtained
from retrospective studies; the second most common
cause of AP was alcohol consumption in the study by
[27]
Beyazit et al , but hypertriglyceridemia in our study.
LDH, a glycolytic enzyme, is present in the cytoplasm
of all living cells but is found at higher concentrations in
the heart, kidneys, and skeletal muscles. We found that
LDH levels were significantly higher in the SAP group
(according to mGPS) than in the MAP group during the
first week after admission, and serum LDH levels were
also significantly higher in the SAP group than in the
non-SAP group during the first week after admission
based on the 2012 revised Atlanta criteria. Moreover,

WJG|www.wjgnet.com

2411

April 7, 2017|Volume 23|Issue 13|

Lei JJ et al . MPV predicts AP severity
Classification during the early stage of the disease.
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Abstract
AIM
To define clinical criteria to differentiate eosinophilic
gastrointestinal disorder (EoGD) in the esophagus.
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METHODS
Our criteria were defined based on the analyses of
the clinical presentation of eosinophilic esophagitis
(EoE), subepithelial eosinophilic esophagitis (sEoE) and
eosinophilic esophageal myositis (EoEM), identified by
endoscopy, manometry and serum immunoglobulin
E levels (s-IgE), in combination with histological and
polymerase chain reaction analyses on esophageal
tissue samples.
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RESULTS
In five patients with EoE, endoscopy revealed longi
tudinal furrows and white plaques in all, and fixed rings
in two. In one patient with sEoE and four with EoEM,
endoscopy showed luminal compression only. Using
manometry, failed peristalsis was observed in patients
with EoE and sEoE with some variation, while EoEM
was associated with hypercontractile or hypertensive
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the highest density in EoE to be in the epithelium, but
with additional distribution of EoE in the submucosa,
muscle layer and adventitia. Clinically, proton pump
inhibitor-responsive esophageal eosinophilia (PPIREE) and secondary causes of eosinophilia, such as
parasitic infection or gastro-esophageal reflux disease,
[3]
are excluded from the definition of EoE . However,
a subtype of EoE, with esophageal symptoms and
subepithelial eosinophilia (SE) observed in the lamina
propria and muscularis mucosa in esophageal samples
obtained by conventional biopsy, has also been reported
[4]
recently , and termed “subepithelial eosinophilic
esophagitis (sEoE)”. Using peroral esophageal muscle
biopsy (POEM-b), we have also previously reported
an eosinophilic infiltration in the esophageal muscle
[5-7]
layer . However, as this eosinophilic infiltration of
the esophageal muscle layer was not identifiable using
conventional biopsy, it cannot be defined as EoE.
The term “eosinophilic esophageal myositis (EoEM)”
has been introduced to distinguish this eosinophilic
infiltration of the esophageal muscle layer from EoE
and sEoE. Therefore, although EoE had previously been
considered as a single eosinophilic gastrointestinal
disorder (EoGD) of the esophagus, heterogeneity in the
depth of eosinophil involvement has been suggested
as an important clinical variable for diagnosis. However,
clinical criteria for differentiating between EoE, sEoE
and EoEM have not yet been established. Therefore,
the aim of our study was to perform a detailed analysis
of clinical data from endoscopy, manometry, laboratory
tests, histological examination, and gene expression
analyses to identify etiological differences between
EoE, sEoE and EoEM as to establish clinical criteria to
differentiate between these disorders.

peristalsis, with elevated s-IgE. Histology revealed the
following eosinophils per high-power field values. EoE
= 41.4 ± 7.9 in the epithelium and 2.3 ± 1.5 in the
subepithelium; sEoE = 3 in the epithelium and 35 in
the subepithelium (conventional biopsy); EoEM = none
in the epithelium, 10.7 ± 11.7 in the subepithelium
(conventional biopsy or endoscopic mucosal resection)
and 46.8 ± 16.5 in the muscularis propria (peroral
esophageal muscle biopsy). Presence of dilated epi
thelial intercellular space and downward papillae
elongation were specific to EoE. Eotaxin-3, IL-5 and
IL-13 were overexpressed in EoE.
CONCLUSION
Based on clinical and histological data, we identified
criteria, which differentiated between EoE, sEoE and
EoEM, and reflected a different pathogenesis between
these esophageal EoGDs.
Key words: Eosinophilic esophagitis; Eosinophilic
esophageal myositis; Peroral endoscopic myotomy;
Jackhammer esophagus; Achalasia; Peroral esophageal
muscle biopsy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Eosinophilic esophagitis has long been
considered as the only eosinophilic gastrointestinal
disorder (EoGD) in the esophagus. However, eosino
philic esophageal myositis, characterized by esophageal
symptoms and eosinophilic infiltration in the esophageal
muscle layer, has been identified using peroral
esophageal muscle biopsy. Combining clinical and
histological data, we have defined clinical criteria to
differentiate EoGDs in the esophagus.

MATERIALS AND METHODS

Sato H, Nakajima N, Takahashi K, Hasegawa G, Mizuno K,
Hashimoto S, Ikarashi S, Hayashi K, Honda Y, Yokoyama J,
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Statement of ethics

Our study was conducted as part a larger study
registered with the UMIN Clinical Trials Registry (UMIN
000018685). The data were obtained from patients
evaluated at the Niigata University Medical and Dental
Hospital, which is a tertiary referral center in Japan. The
present study was approved by our Institutional Review
Board (No. 2416) and carried out in accordance with
the Declaration of Helsinki. Written informed consent
was obtained from all patients prior to the start of the
study.

INTRODUCTION
Eosinophilic esophagitis (EoE) is an allergic disorder
characterized by esophageal dysfunction and histological
“esophageal eosinophilia”, where eosinophilia is defined
by a peak number of eosinophils per high-power
field (eos/hpf) ≥ 15 in tissue samples obtained by
[1]
conventional biopsy . “Esophageal eosinophilia” is
used to describe the histological finding of increased
“epithelial” eosinophil infiltration, meaning that EoE is
an epithelial eosinophilic disease. In their study of full[2]
thickness EoE specimens, Rieder et al confirmed

WJG|www.wjgnet.com

Patients

Patients with symptomatic esophageal eosinophilia
within any layer of the esophagus (epithelium, sub
epithelium, from the lamina propria to the submucosa,
or muscularis propria) were recruited. A PPI trial was
first performed for all patients and, subsequently,
patients with PPI-REE were excluded from the study.
The diagnosis of EoE was based on the American
College of Gastroenterology (ACG) clinical guideline
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1

Table 1 Summary of a case series of eosinophilic gastrointestinal disorders in the esophagus (n = 10)
2

Diagnosis

EoE

Epithelium/sub-3
Muscle layer4
Age
M/F
Allergy history
Symptoms5
Endoscopic findings6
Manometry7
Serum IgE (IU/mL)
Histological findings8

sEoE

EoEM

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

44/2

40/3

50/4

27/-

46/0

3/35

31
M
House dust
D,F
+/+/+/FP
314.0
+/+/-

54
F
Milk
C,D,F
+/+/-/FP
33.5
+/+/-

54
M
No
C,D
+/+/+/FP
33.3
+/+/-

35
M
No
D
+/+/-/FP
39.0
+/+/-

35
M
No
D
+/+/-/Normal
39.0
+/+/-

75
M
No
D
-/-/-/+
FP
678.0
-/-/+

0/0
36
43
M
No
C,D
-/-/-/+
JE
194.0
-/-/+

0/30
31
M
No
C,D
-/-/-/+
NE
368.0
-/-/+

Case 9

Case 10

0/5 (EMR) 0/27 (EMR)
73
48
75
67
M
M
No
Rabbit
D
C,D
-/-/-/+
-/-/-/+
JE
JE
192.0
545.0
-/-/+
-/-/+

1

Esophageal eosinophilia: defined as ≥ 15 eosinophils/high-power field (eos/hpf) in any layer of the epithelium, sub-epithelium, or muscularis
propria; 2EoE: Eosinophilic esophagitis, sEoE: Subepithelial eosinophilic esophagitis, EoEM: Eosinophilic esophageal myositis; 3Eos/hpf in epithelium/
subepithelium, separately, -: No data; 4Eos/hpf in the esophageal muscle layer by peroral esophageal muscle biopsy; 5Symptoms; C: Chest pain, D:
Dysphagia, F: Food impaction; 6Endoscopic findings: Presence/absence (+/-, respectively) of longitudinal furrows/white plaques/fixed rings/luminal
compression; 7Manometry findings: FP: Failed peristalsis; JE: Jackhammer esophagus; NE: Nutcracker esophagus; 8Histological findings of the epithelium:
Presence/absence (+/-, respectively) of dilated intercellular space/downward papillae elongation/basal cell layer destruction. EMR: Endoscopic mucosal
resection; IgE: Immunoglobulin E.

and compression of the lumen in the esophagus
were assessed. Longitudinal furrows, white plaques
and fixed rings have previously been reported as
[8,9]
typical endoscopic findings of EoE , with luminal
compression being the only previously reported
[5,6]
endoscopic finding of EoEM .
Manometry was also performed in all patients
using high-resolution manometry (HRM; Star Medical
Co., Pte., Ltd., Tokyo, Japan), with patients in the
supine position, performing 10 consecutive swallows
of 5-mL of water. HRM results were evaluated using
[10]
the Chicago classification criteria, version 3.0 .
A jackhammer esophagus (JE) was defined by
hypercontractile peristalsis, with a distal contractile
integral (DCI) ≥ 8000 mmHg/s·cm. Failed peristalsis
was diagnosed by a DCI < 100 mmHg/s·cm. It is
important to note that the diagnosis of a nutcracker
esophagus (NE) has been eliminated from version
3.0 of the Chicago classification criteria as the signifi
cance of using a DCI of 5000 to 8000 mmHg/s·cm to
specifically differentiate NE was questioned. However,
we maintained NE as a possible diagnosis, based on
[11]
the Chicago classification criteria published in 2011
as patients with NE in our study had symptomatic
esophageal eosinophilia.

Patients with esophageal symptoms
Conventional biopsy
EoE: 5 patients
sEoE: 1 patient

No eosinophilia
NE/JE with high s-IgE

POEM/POEM-b (4) with cap-EMR (2)
EoEM: 4 patients

Figure 1 The schema of the present study. Eosinophilic esophagitis (EoE)
was diagnosed by conventional endoscopy in 5 patients, and a subtype of
eosinophilic esophagitis (subepithelial eosinophilic esophagitis: sEoE) in
1 patient. Patients with no eosinophilia by conventional biopsy and with a
nutcracker esophagus (NE) or jackhammer esophagus (JE) identified on
high-resolution manometry received peroral endoscopic myotomy (POEM).
These patients also showed elevated serum immunoglobulin E (s-IgE) levels.
Four patients were diagnosed with eosinophilic esophageal myositis (EoEM)
by peroral esophageal muscle biopsy (POEM-b), with cap-fitted endoscopic
mucosal resection used in two of these four patients to facilitate POEM/POEM-b
entry.

of a peak eos/hpf value ≥ 15 in epithelium obtained
[1]
by mucosal biopsy Applying the ACG guidelines,
we also used a peak eos/hpf value ≥ 15 to define
subepithelial and muscle-layer eosinophil inflammation.
SE (eosinophilia extending from the lamina propria
to the submucosa) was diagnosed by conventional
biopsy, with esophageal symptoms classified as sEoE,
in contrast to EoE, which was identified by eosinophilia
principally in the epithelium. Symptomatic eosinophilia
in the muscle-layer of the esophagus was defined as
EoEM (Figure 1 and Table 1).

Histopathology

Six conventional esophageal mucosal biopsies were
performed in each case to increase the detection
rate of mucosal eosinophilia. Large biopsy forceps
(Radial Jaw 4 Biopsy Forceps, Boston Scientific,
Massachusetts, US) were used to obtain a sufficient
amount of epithelium with subepithelium.
Cases 7 through 10 had no visible eosinophils on
conventional biopsy, but a NE/JE was observed by HRM.
POEM was determined as the best therapeutic option to
[12]
resolve the hypertensive/hypercontractile peristalsis ,
and muscle specimens were obtained by POEM-b. For

Endoscopy and high-resolution manometry

Endoscopy was performed using a digital highvision endoscope (H260Z, Olympus, Tokyo, Japan).
Longitudinal furrows, white plaques, fixed rings,
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cases 9 and 10, although JE was visible, no eosinophils
were identified in any of the six esophageal mucosal
biopsies obtained, and a mucosal entry site for POEM/
POEM-b was created using cap-fitted endoscopic
mucosal resection (cEMR) to allow the full-layer of
the mucosa, along with the submucosa, for analysis
(Figure 1). Therefore, our histological analysis included
mucosal specimens obtained by conventional biopsies
for cases 1-10 and by cEMR for cases 9-10, and muscle
specimens obtained by POEM-b for cases 7-10.
The maximum number of eosinophils (eos/hpf) was
counted separately in the epithelium, subepithelium
and muscle layer for each of the 10 cases. The mu
cosal histology was also assessed to identify: dilated
intercellular spaces, downward papillae elongation and
basal cell layer destruction. Dilated intercellular spaces
and downward papillae elongation have previously
[13,14]
been reported in cases of EoE
. Upward papillae
elongation, which can often occur along with the pre
sence of balloon cells in cases of reflux esophagitis and
is considered a non-specific histological finding, was
[15]
excluded from our analysis .
POEM-b/cEMR specimens obtained from 5 patients
with achalasia (4 males; mean age 44.2 ± 9.6 years)
were used as controls for eosinophil counts in our
histological assessments and mRNA expression analyses
(see below).

Based on the above, real-time quantitative reverse
transcription polymerase chain reaction (real-time
qRT-PCR) analyses were performed on the samples
obtained by conventional biopsy, cEMR and POEM-b.
Total RNA was extracted using Trizol (Invitrogen,
California, CA, United States), according to the
standard protocol. Thereafter, cDNA was amplified
using the ABI 7700 sequence-detector system (Applied
Biosystems, Foster City), with a set of primers and
probes corresponding to CAPN14, TSLP, Eotaxin-3,
DSG1, CCR3, IL-5, IL13, and glyceraldehyde-3phosphate dehydrogenase (GAPDH). The levels of
mRNA expression were normalized to a housekeeping
gene, such as GAPDH: CAPN14/GAPDH, TSLP/GAPDH,
and Eotaxin-3/GAPDH. Finally, the ratio of the mRNA
expression relative to mRNA expression in the control
tissues was calculated, with the median value of control
converted to 1.

Statistical analysis

Relevant demographic patient variables and histological
findings (continuous variables) were expressed by their
mean ± SD values. Levels of mRNA were expressed as
the mean of EoE and EoEM, respectively, relative to the
control. Levels of mRNA within the range of the control
samples were deemed to be within normal limits.
Abnormal increases in mRNA expression of CAPN14,
TSLP, Eotaxin-3, CCR3, IL-5, and IL-13 were defined
by a relative ratio exceeding the maximum value of the
control samples, while a decrease in the expression of
DSG1 was defined by a relative ratio lower than the
minimum value of the control.

Real-time quantitative reverse transcription polymerase
chain reaction in esophageal mucosal and muscle layer
samples

In a previous study of EoE, a genome-wide association
study was used to identify the significant locus at
2p23 susceptible of encoding Calpain14 (CAPN14) and
chr5q22, which mapped to a single LD block encom
passing the thymic stromal lymphopoietin (TSLP) and
[16,17]
WDR36 genes
. CAPN14 is specifically induced in
the esophageal epithelium after IL-13 treatment and
leads to increasingly dilated intracellular spaces in the
[18]
epithelium . CAPN14 also disrupts the expression
of desmoglein-1 (DSG1: barrier molecule), which
triggers the entry of antigens into the esophageal
epithelium. TSLP is a protein of the cytokine family and
is known to promote allergic inflammation by activating
dendritic cells, inducing Th2 cell responses, supporting
immunoglobulin E (IgE) production, and increasing the
population of phenotypically and functionally distinct
[19]
basophils . A set of candidate genes for eosinophil
chemotaxis, including eotaxin-3 and DSG1 has also
[20]
been identified by transcriptome analysis . C-C
chemokine receptor type-3 (CCR3), which is expressed
on the surface of eosinophils, mast cells and basophils,
[21-23]
is the chemokine receptor for eotaxin
, with an
elevated expression of exotoxin-3 having been reported
[24]
in EoE . Moreover, Th2 cells are thought to be central
regulators of the hallmark features of eosinophilic
diseases via their influence over Th2 cytokines, such as
[25-28]
IL-5 and IL-13
.

WJG|www.wjgnet.com

RESULTS
Our analyses included the data from 10 patients who
underwent assessment for esophageal EoGDs over
our study period, from July 2014 through September
2016. Among these 10 patients, 5 were diagnosed
with EoE, 1 with sEoE and 4 with EoEM (Table 1 and
Figure 1).

Differences in endoscopy and manometry findings, as
well as serum IgE levels, between patients with EoE,
sEoE and EoEM

Longitudinal furrows and white plaques were identified
in all patients with EoE (cases 1-5), with a fixed ring
visible in 2 of these 5 cases (Figure 2A). For patients
with sEoE and EoEM (cases 5-10), only a luminal
compression was observed, with no visible evidence
of longitudinal furrows, white plaques or fixed rings
(Figure 3A and Figure 4A).
HRM results in patients with EoE (cases 1-5) were
variable, but with failed peristalsis observed in 4 of
these 5 cases (Figure 2A, insert), with findings being
within normal limits for the remaining case. The patient
with sEoE (case 6) presented with failed peristalsis
(Figure 3A, insert) and elevated s-IgE level (678.0
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Figure 2 Eosinophilic esophagitis (case 3). A: Endoscopy shows longitudinal furrows (yellow triangles) and white plaques (red arrow) in the medial esophagus, and
the presence of fixed rings in the lower esophagus [upper insert (white triangle)]. High-resolution manometry (HRM) results showing highly disrupted distal contractile
integral (DCI; 54.8 mmHg/[s•cm], lower insert). The patient was diagnosed with failed peristalsis based on the Chicago classification criteria; B: Histology at 100 ×
magnification, showing significant eosinophil inflammation was observed (50 eosinophils per high-power field) in the esophageal epithelium with dilated intercellular
spaces (lower insert).

A

B

50 μm

50 μm

200 μm

Figure 3 Subepithelial eosinophilic esophagitis (case 6). A: Endoscopy showing the compressed lumen. Characteristic findings for eosinophilic esophagitis such
as longitudinal furrows, white plaques, or fixed rings are not seen. High-resolution manometry (HRM) results, showing highly disrupted distal contractile integral (42.5
mmHg/[s•cm], lower insert). The patient was diagnosed with failed peristalsis based on the Chicago classification criteria; B: Mucosal histology by conventional biopsy
at 100 × magnification. The white triangle indicates upward papillae elongation. In the upper-right inset, there is an absence of eosinophil infiltration in the epithelium (400
× magnification). Subepithelial eosinophilia (35 eosinophils per high-power field) is shown in the left lower inset (400 × magnification).

biopsy was insufficient. An eos/hpf ratio of 46.8 ±
16.5 was identified in tissue samples obtained from
the esophageal muscle layer by POEM-b (cases 7-10).
Tissue samples from control subjects were essentially
devoid of eosinophils in the epithelium and muscle layer,
with a few eosinophils visible in the subepithelium (4.0
± 2.5).
Dilated intercellular spaces and downward papillae
elongation were identified in the mucosal samples from
all EoE patients (cases 1-5; Figure 2B). Basal cell layer
destruction was visible in the case of sEoE (Figure 3B)
and in all EoEM cases (cases 7-10; Figure 4B). Dilated
intercellular spaces and downward papillae elongation
were not visible in any cases of sEoE and EoEM.

IU/mL, normal range ≤ 173 IU/mL). It is important to
note that levels of s-IgE did vary, overall, among cases
of EoE. Patients with EoEM (cases 7-10) demonstrated
either hypercontractile or hypertensive contractions in
the esophagus (JE: 3; Figure 4A, insert; NE: 1), with
elevated s-IgE levels (324.8 ± 145.9 IU/mL).

Histological differentiation between EoE, sEoE and
EoEM

The eos/hpf ratio values were as follows: EoE (cases
1-5), 41.4 ± 7.9 in the epithelium and 2.3 ± 1.5 in the
subepithelium, identified by conventional biopsy, noting
that the data for the subepithelium in case 4 were
excluded because the subepithelial specimens were
insufficient; sEoE (case 6), 35 in the subepithelium
and 3 in the epithelium, identified by conventional
biopsy; and EoEM (cases 7-10), no visible eosinophils
in the esophageal epithelium and 10.7 ± 11.7 in the
subepithelium (cases 7, 9 and 10), noting that the data
in the subepithelium for case 8 were excluded because
the subepithelium specimen obtained using conventional
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The characteristic mRNA expression pattern of EoE was
not observed in EoEM

The esophageal mucosal biopsy samples from EoE
cases (cases 1, 3, 4 and 5), in addition to the cEMR
samples from EoEM cases (cases 9 and 10, both of
which included rich subepithelium tissue), were sent for
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A

B
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C

50 μm

Figure 4 Eosinophilic esophageal myositis (case 10). A: Endoscopy showing a compressed lumen similar to that in a case of subepithelial eosinophilic esophagitis
(sEoE) and different to that in a case of eosinophilic esophagitis (EoE). Results of the high-resolution manometry are shown in the lower insert. An extremely high
maximum distal contractile integral (DCI) is observable (13462.2 mmHg/[s•cm], red arrows). The patient was diagnosed with a jackhammer esophagus based on the
Chicago classification criteria; B: The entry site for peroral esophageal muscle biopsy (POEM-b) was created by cap-fitted endoscopic mucosal resection in order to
obtain mucosal and submucosal specimens. Epithelial eosinophilia was not seen, with only basal layer destruction (yellow triangle) apparent. In the subepithelial layer,
the number of eosinophils was elevated, although the eosinophil number was less than that in the muscle layer; C: Muscle-layer histopathology by POEM-b, showing
a severe eosinophilic infiltration in the perivascular and perimysial area of the muscle specimens (48 eosinophils per high-power field) at 400 × magnification.

mRNA expression analyses. EoE was associated with the
following fold-increase in level of expression: CAPN14,
9.9-fold; eotaxin-3, 529.2-fold; CCR3, 16.3-fold; IL-5,
160.9-fold; and IL-13, 131.0-fold. No increase in the
expression of TSLP was identified in these cases (2.0-fold
higher values compared to the control), while there
was a decrease in the expression of DSG1 (0.69-fold).
In contrast, in EoEM, the expression levels of CAPN14,
TSLP, eotaxin-3, CCR3, IL-5, and IL-13 were equal
to those in controls (1.07, 2.0, 0.96, 0.79, 4.93, and
0.00-fold increases, respectively), and the expression of
DSG1 was highly preserved (DSG1: 11.0-fold) (Figure
5A).
Tissue samples of the esophageal muscle-layer
obtained by POEM-b in patients with EoEM were also
analyzed for mRNA expression, with the following
increases noted: eotaxin-3, 6.44-fold; and CCR3,
18.7-fold. Levels of TSLP, IL-5 and IL-13 (2.79, 0.00,
and 0.25-fold, respectively) were within control values
(Figure 5B).

philic gastroenteritis (EoGE) is an EoGD characterized
by eosinophilia in the stomach, small intestine or
large colon, and is sometimes complicated with EoE.
Heterogeneity in the depth of eosinophil involvement
of the different layers of the gastrointestinal tract,
including the mucosal, muscle and serous layers,
[29]
has been reported in patients with EoGE . In
the esophagus, this heterogeneity in the depth of
involvement, however, had not previously been
characterized due to the difficulty in obtaining tissues
samples with sufficient subepithelium, together
with epithelium using conventional biopsy, due to
the thickness of the stratified squamous epithelium.
Furthermore, histological analyses of the esophageal
muscle layer are technically difficult and invasive.
In contrast, muscle layer and serous-type of EoGE,
show ascites that allow for diagnosis by computed
tomography and ascites puncture. To our knowledge,
our study is the first to demonstrate heterogeneity in
the depth of eosinophil involvement in the esophagus
using a combination of conventional mucosal biopsy,
cEMR, and POEM-b.
In all 5 cases of EoE, longitudinal furrows and
white plaques were visible, with fixed rings observable
in 2 of these 5 cases. These endoscopic findings
are characteristic of EoE, although they are not

DISCUSSION
In this study, we performed histological and gene
expression analyses on a case series of EoEM, and
compared those with cases of EoE and sEoE. Eosino
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Figure 5 Real-time quantitative reverse transcription polymerase chain reaction analysis for esophageal mucosal and muscle layer samples (a vertical
axis scale indicates the relative ratio compared with median control value converted to 1). A: mRNA analysis for esophageal mucosal specimens in eosinophilic
esophagitis (○), and eosinophilic esophageal myositis (□). In cases 1, 3, 4, and 5 with eosinophilic esophagitis (EoE), the expression of CAPN14, eotaxin-3, CCR3,
IL-5, and IL-13 was increased, while the expression of DSG1 was decreased. In cases of eosinophilic esophageal myositis (case 9, and 10), no change was
observed in CAPN14, TSLP, eotaxin-3, CCR3, IL-5, and IL-13 expression levels. The expression level of DSG1 was highly preserved in EoEM; B: mRNA analysis
for esophageal muscle specimens in eosinophilic esophageal myositis (□). In eosinophilic esophageal myositis (case 9 and 10), muscle-layer samples by peroral
esophageal muscle biopsy were also sent for mRNA expression analysis. The levels of eotaxin-3 and CCR3 were increased, although TSLP, IL-5, and IL-13 were
within control value ranges.
[9]

highly sensitive for diagnosing the disease . These
distinctive endoscopic features of EoE are reflected
as dilated epithelial intercellular spaces and/or
downward papillae elongation histologically. In EoE,
epithelial inflammation and subsequent fibrosis lead
[30]
to peristalsis disturbances . Our HRM results in
fact did identify failed peristalsis as the main finding
in EoE. However, there was variability in this finding
with one patient identified in whom peristalsis was
deemed to be within normal limits. In patients with
EoE, an allergic response to the allergen stimulated
esophageal epithelial cells to produce eotaxin-3, which
recruits eosinophils via the CCR3 receptor. In these
patients, Th2 cytokines as IL-5 and IL-13 are also
overexpressed and induce the loss of barrier integrity
in epithelial cells. This process is mediated, in part, by
a reduction in the expression of DSG1 and an increase
in the expression of epithelial CAPN14, which leads to
increasingly dilated intercellular spaces. The results of
our mRNA analysis correspond to a previously reported
[26]
hypothesis on this matter .
In our one case of sEoE (case 6), conventional
endoscopy did not reveal any of the characteristic
findings of EoE, including longitudinal furrows, white
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plaques, and fixed rings. In this case, elevated levels
of s-IgE and failed peristalsis, as confirmed by HRM,
suggested that other esophageal EoGDs could be
involved and that conventional biopsy, targeting SE,
could be used to diagnose sEoE. Epithelial histology
did not reveal any dilation of the intercellular spaces
or downward papillae elongation in this case. Luminal
compression observed on endoscopy was likely caused
by subepithelial inflammation secondary to eosinophil
infiltration. Subepithelial inflammation may also
trigger the destruction of the basal cell layer and lead
to upward papillae elongation, but not a downward
papillae elongation. Heterogeneity in endoscopic and
histological findings has previously been reported
[31]
in cases of EoE . In fact, cases with “non-EoElike endoscopic and histological findings” are more
likely to represent sEoE than EoE. A lower degree of
epithelial eosinophilia, but with a similar clinical course
[32]
to EoE has also been reported . In our case series,
the pathological mechanism of sEoE in case 6 was
suspected to be somewhat different from that of EoE
based on the endoscopic and histological findings.
In cases of EoEM, a luminal compression was only
identified in cases of sEoE, in contrast to the findings
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Patients with esophageal symptoms
Other causes of esophageal eosinophilia should be excluded
Endoscopy
(longitudinal furrows, white plaques, fixed rings, compressed lumen)
1

Mucosal biopsy
No eosinophilia in the
epithelium/subepithelium
Manometry
s-IgE

2

Eosinophilia in the epithelium (≥ 15 eos/hpf)

EoE

Eosinophilia in the subepithelium

sEoE

POEM-b
EUS-FNA

Eosinophilia in the muscle layer
EoEM

Figure 6 Proposed diagnostic criteria for eosinophilic gastrointestinal disorders in the esophagus. Patients with esophageal symptoms receive endoscopy.
1
Mucosal biopsy should include a sufficient amount of subepithelium together with epithelium to allow subepithelial eosinophilia to be identified. If no or low degree
of eosinophilia is seen in the epithelium/subepithelium but manometry shows abnormal peristalsis and elevated serum immunoglobulin E (s-IgE) level, peroral
esophageal muscle biopsy (POEM-b) or endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) is recommended to detect eosinophilia in deeper layers.
2
Manometry findings and s-IgE levels are variable, careful follow-up is recommended even if the findings are normal initially; Other alternative causes of esophageal
symptoms should be ruled out.

reported for EoE. EoGD in the esophagus was also
suspected by an elevated s-IgE level and JE/NE on
HRM. Histological assessment of the muscle layer by
POEM-b, rather than by conventional biopsy alone, was
capable of diagnosing EoEM. Mucosal histology in cases
of EoEM revealed basal cell layer destruction, along
with non-specific upward papilla elongation, reflecting
subepithelial and muscle layer inflammation. JE or NE
on HRM was potentially caused by localized muscle[33]
layer eosinophilia, accompanied by mastocytosis .
mRNA analysis of the mucosa in cases of EoEM did
not reveal the characteristic findings of EoE, indicating
that EoEM is caused by a pathogenic process that does
not extend through the epithelium like EoE. mRNA
analysis of the muscle layer revealed elevated levels
of CCR3 and eotaxin-3 expression. We suspected the
vascular and myocyte manifestations of eotaxin-3 in
[34]
EoEM, such as the recruitment of eosinophils , to be
responsible for observed changes in the esophageal
muscle layer, although the eotaxin-3 mRNA titer in the
muscle layer was actually lower than values obtained in
the epithelium of EoE cases. Moreover, the Th2 cytokine
profiles of EoE and EoEM are completely different, which
further suggests that these two disorders are unrelated.
Of note, a positive history of allergy was identified in
only one case of EoEM and in two cases of EoE in our
series.
Our results confirm that EoE, sEoE and EoEM can
be clinically distinguished using the combination of
endoscopy, manometry and laboratory tests outlined
in Figure 6. Prior to proceeding to distinguish between
these EoGDs of the esophagus, all other causes
of esophageal symptoms should be excluded. As
examples, gastroparesis or chronic intestinal pseudoobstruction trigger abdominal symptoms that often
include the esophageal symptoms and abnormal
endoscopic and manometric findings in the esophagus.
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Luminal compression on endoscopy and failed peris
talsis, as well as JE or NE on HRM, are not specific
findings for sEoE or EoEM. Moreover, a past or present
history of other allergy disorders can result in elevation
of s-IgE and, therefore, a comprehensive clinical
[35]
decision-making process is needed in such cases .
Based on the premise outlined above, histological
assessment by conventional biopsy is necessary to
assess the full esophageal mucosal layer in patients
with suspected EoGDs. Although we used large biopsy
forceps for conventional biopsies in our study to
obtain a sufficient volume of subepithelium tissue
together with the epithelium, in some cases sufficient
subepithelium still could not be obtained (cases 4
and 8). As well, several biopsies should be performed
due to the patchy distribution of eosinophils in cases
of EoE. Re-endoscopy with re-biopsy should also be
considered if only a few epithelial eosinophils are
identified in an insufficient volume of subepithelium.
Diagnostic cEMR may be somewhat invasive for
obtaining sufficient subepithelial tissue, and therefore,
it was only performed in combination with POEM/
POEM-b in our study. Endoscopic ultrasound-guided
fine needle aspiration may be a good option for cases
[36]
in which sEoE and EoEM are suspected .
There are several limitations in our study, which
need to be acknowledged. Foremost, other disorders
such as reflux esophagitis and achalasia are associated
with low-grade SE, as shown in the tissue samples
from patients in our control group. Therefore, a reliable
cut-off number of eosinophils for the diagnosis of sEoE
will need to be determined in future studies. mRNA
analyses for cases of symptomatic achalasia were used
as a control for two reasons. the first, tissue samples
are obtained using the same POEM-b method. Second,
tissue samples in achalasia do not show eosinophilia
[37]
in the esophageal muscle layer . Non-symptomatic
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individuals without any known esophageal disorders
would provide a more appropriate control, although
this would pose a difficult ethical problem. This was
a small-size pilot study and further studies, including
larger sample sizes, are needed to confirm our
findings. In fact, we are continuing to collect data
using our procedure outlined in Figure 6 with the aim
of supplementing our case series in future reports.
Future research should also specifically aim to include
a larger number of patients with sEoE patients.
In conclusion, we propose clinical criteria for di
fferentiating EoE, sEoE and EoEM, taking into account
the histological heterogeneity in the depth of eosinophil
involvement was observed among these disorders.
Our findings predict a difference in the pathogenesis of
these disorders, and further research will be required
to fully elucidate these differences.
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COMMENTS
COMMENTS
Background

Eosinophilic esophagitis (EoE) is an allergy disorder, defined by a histologically
severe eosinophil infiltration in the esophageal epithelium. EoE has long been
considered to be the only eosinophilic gastrointestinal disorder (EoGD) of the
esophagus.

8
9

Research frontiers

Peroral endoscopic myotomy (POEM) was developed to provide a less invasive
technique to perform transoral esophageal muscle layer biopsy (peroral
esophageal muscle biopsy: POEM-b). Using POEM-b, a new disorder with an
eosinophilic infiltration in the esophageal muscle layer was detected, and a new
name “Eosinophilic esophageal myositis: EoEM” was given.

10

Innovations and breakthroughs

This is the first study to have addressed the clinical differentiation of EoGDs of
the esophagus. Pathogenesis of EoEM was also analyzed by real-time qRTPCR analyses of the esophageal samples.

11

Applications

12

EoEM need to be differentiated in cases of symptomatic esophageal motility
disorders.

Terminology

EoEM is defined as esophageal symptoms and histologically severe eosinophil
infiltration in esophageal muscle layer. EoEM has no epithelial eosinophilia as
EoE.

Peer-review

13

The authors presented a study which determined the criteria to differentiate
heterogeneous eosinophilic esophagus. The study reflected a different
pathogenesis between EoE, sEoE, and EoEM. The study is interesting.
14
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Abstract
AIM
To present clinical characteristics, diagnosis and treat
ment strategies in elderly patients with biliary diseases.

Informed consent statement: All study participants, or
their legal guardian, provided written consent prior to study
enrollment.

METHODS
A total of 289 elderly patients with biliary diseases were
enrolled in this study. The clinical data relating to these
patients were collected in our hospital from June 2013
to May 2016. Patient age, disease type, coexisting
diseases, laboratory examinations, surgical methods,
postoperative complications and therapeutic outcomes
were analyzed.
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The average age of the 289 patients with biliary diseases
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was 73.9 ± 8.5 years (range, 60-102 years). One
hundred and thirty-one patients (45.3%) had one of 10
different biliary diseases, such as gallbladder stones,
common bile duct stones, and cholangiocarcinoma. The
remaining patients (54.7%) had two types of biliary
diseases. One hundred and seventy-nine patients
underwent 9 different surgical treatments, including
pancreaticoduodenectomy, radical resection of hilar
cholangiocarcinoma and laparoscopic cholecystectomy.
Ten postoperative complications occurred with an
incidence of 39.3% (68/173), and hypopotassemia
showed the highest incidence (33.8%, 23/68). One
hundred and sixteen patients underwent non-surgical
treatments, including anti-infection, symptomatic
and supportive treatments. The cure rate was 97.1%
(168/173) in the surgical group and 87.1% (101/116)
in the non-surgical group. The difference between
2
these two groups was statistically significant (χ =
17.227, P < 0.05).

incidence of diseases in the aging population has
increased. Since 1999, biliary diseases in elderly
patients have become common and multifaceted in
[1]
China, with a morbidity rate of 8%-11% .
Due to lowered stress response, an increase in
coexisting diseases, rapid progression, and poor surgical
tolerance, the risk of surgery for biliary diseases in
[2,3]
elderly patients has increased . In particular, a subset
of elderly patients may be at higher risk of developing
postoperative complications and increased mortality
due to the loss of physiological function and physical
[4,5]
reserves . Therefore, there is an unmet clinical need
to characterize biliary diseases in elderly patients, in
order to improve diagnosis and treatment for these
[6-10]
diseases
.
In the present study, the clinical data of 289 elderly
patients with biliary diseases admitted to our hospital
over the past 3 years were summarized and analyzed.

CONCLUSION
Active treatment of coexisting diseases, management
of indications and surgical opportunities, appropriate
selection of surgical procedures, improvements in
perioperative therapy, and timely management of
postoperative complications are key factors in enhancing
therapeutic efficacy in elderly patients with biliary
diseases.

MATERIALS AND METHODS
Clinical data

A prospective study of 289 elderly patients with biliary
diseases, aged 60-102 years, including 129 males
(44.6%) and 160 females (55.4%), was conducted
in the Department of General Surgery, Beijing Electric
Power Hospital, State Grid Corporation of China,
Capital Medical University from June 2013 to May
2016.
The inclusion criterion was a diagnosis of biliary
disease in elderly patients. According to surgical
indications or contraindications, patients were randomly
assigned to the surgical group and the non-surgical
group.
The exclusion criterion was patients who were
voluntarily discharged from hospital due to refusal to
cooperate with the assigned group therapy.
The study was approved by the Ethics Committee of
Beijing Electric Power Hospital, State Grid Corporation
of China, Capital Medical University, Beijing, China.

Key words: Biliary diseases; Elderly patients; Surgical
treatment; Non-operative treatment
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With global prolongation of life expectancy,
biliary diseases in elderly patients appear to be
common and multifaceted. The purpose of this study
was to determine the clinical characteristics and
treatment strategies in elderly patients with biliary
diseases in order to improve diagnosis and treatment.
Active treatment of coexisting diseases, management
of indications and surgical opportunities, appropriate
selection of surgical procedures, improvements in
perioperative therapy, and timely management of
postoperative complications are key factors in enhancing
therapeutic efficacy in elderly patients with biliary
diseases.

Laboratory examinations

Following admission, blood samples were obtained
from all patients for laboratory examinations, including
routine blood test, high sensitivity C-reactive protein
[11,12]
(hs-CRP) level
, liver function, tumor markers, and
blood clotting function.

Zhang ZM, Liu Z, Liu LM, Zhang C, Yu HW, Wan BJ, Deng
H, Zhu MW, Liu ZX, Wei WP, Song MM, Zhao Y. Therapeutic
experience of 289 elderly patients with biliary diseases. World J
Gastroenterol 2017; 23(13): 2424-2434 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i13/2424.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i13.2424

Imaging examination

Prior to treatment, all patients were examined by B
ultrasound, computed tomography (CT) and magnetic
resonance cholangiopancreatography (MRCP) to
determine the presence of gallbladder or bile duct
stones, inflammation or tumor. Double-layer structure
of gallbladder wall revealed by B ultrasound suggested
the existence of acute suppurative and gangrenous
cholecystitis. Stones, inflammation, tumors of the
gallbladder and bile duct, and thickness of the gall
[11]
bladder wall can be determined by CT scanning .

INTRODUCTION
With global prolongation of life expectancy, the
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rate (%) or constituent ratio was used for count data
related to the distribution of age, disease types and
coexisting diseases, surgical procedures, postoperative
2
complications and therapeutic efficacy, and the χ test
was used for comparisons between two groups. A P
value < 0.05 was considered statistically significant.

Table 1 Comparison of age distribution in surgical and nonsurgical groups, n (%)
Age (yr)

Surgical group

Non-surgical group

χ2

P value

75 (43.4)
64 (37.0)
30 (17.3)
4 (2.3)
0 (0.0)
173 (100.0)

25 (21.6)
42 (36.2)
45 (38.8)
3 (2.6)
1 (0.9)
116 (100.0)

23.376

0.000

60-69
70-79
80-89
90-99
≥ 100
Total

RESULTS
Age distribution

The age of the 289 patients with biliary diseases
ranged from 60 to 102 years, with an average age of
73.9 ± 8.5 years.
In the surgical group, the average age of patients
was 72.1 ± 8.2 years, ranging from 60 to 95 years. The
maximum age of patients undergoing open surgery was
95 years, and was 86 years for patients undergoing LC.
In the non-surgical group, the age of the patients
ranged from 60 to 102 years, with an average age of
76.5 ± 8.2 years.
There was a significant difference in the age distri
bution between the two groups (P < 0.05), as shown
in Table 1.

Table 2 Distribution of disease type in surgical and nonsurgical groups, n (%)
Type of disease
Gallbladder stones
Common bile duct stones
Hepatolithiasis
Chronic cholecystitis
Acute cholecystitis
Gallbladder polyps
Acute cholangitis
Biliary pancreatitis
Biliary tract tumors
Gallbladder carcinoma

Surgical
group

Non-surgical
group

χ2

P value

133 (36.8)
41 (11.4)
4 (1.1)
36 (10.0)
92 (25.5)
8 (2.2)
16 (4.4)
15 (4.2)
12 (3.3)
4 (1.1)

66 (32.7)
23 (11.4)
7 (3.5)
14 (6.9)
67 (33.2)
0 (0.0)
16 (7.9)
3 (1.5)
3 (1.5)
3 (1.5)

0.308

0.016

Types of biliary diseases

The 289 patients had 1 or 2 types of 10 different
biliary diseases, including gallbladder stones, common
bile duct stones, and cholangiocarcinoma (Table 2).
One hundred and thirty-one (45.3%) patients
had one type of biliary disease, and 158 (54.7%)
patients had two types of biliary diseases. There was
a significant difference in the distribution of types of
disease (P < 0.05) in the surgical group compared with
the non-surgical group (Table 2). However, there was
no significant difference in the proportion of disease
types (P > 0.05) between the two groups (Table 3).

A single patient may have 1-2 types of biliary diseases.

Table 3 Proportion of types of diseases in surgical and nonsurgical groups, n (%)
Group
Surgical
Non-surgical

n

One type of
disease

Two types of
diseases

χ2

P value

173
60 (51.7)

71 (41.0)
56 (48.3)

102 (59.0)

3.198

0.074

MRCP helps to identify stones and obstruction of
[13]
intrahepatic and extrahepatic bile ducts .
Based on the patient’s condition, electrocardiography
(ECG), dynamic ECG, echocardiography, neck vascular
ultrasound, head magnetic resonance angiography, and
[14,15]
head and neck CT angiography were also performed
.

Coexisting diseases

Among the 289 patients, 223 (77.2%) had 1-6 types of
13 various coexisting diseases, such as hypertension,
coronary heart disease (CHD), and diabetes. Of these
patients, 128 (57.4%) were in the surgical group, and
95 (42.6%) were in the non-surgical group. There was
no significant difference between the two groups (P >
0.05; Table 4).

Therapeutic methods

According to the individual patient’s status, appropriate
surgical procedures were selected, including pan
creaticoduodenectomy, radical resection of hilar
cholangiocarcinoma, and laparoscopic cholecystectomy
(LC).
Non-surgical treatment strategies included, but
were not limited to, anti-infection, symptomatic and
supportive treatments.

Statistical analysis

Laboratory examinations

Using the t-test, it was found that the white blood
cell count, percentage of neutrophils, prothrombin
time and international normalized ratio at admission
were significantly decreased (P < 0.05), whereas
hemoglobin, albumin and total serum bilirubin were
significantly increased in the surgical group compared
with the non-surgical group (P < 0.05). There were no
differences in the other test parameters between the
two groups (P > 0.05; Table 5).

[16]

SPSS 18.0 was used for statistical analysis . The
data from laboratory tests were expressed as mean
± SD, using the Student’s t-test for comparisons
between the surgical and non-surgical groups. The
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Surgical procedures

One hundred and seventy-three patients underwent

2426

April 7, 2017|Volume 23|Issue 13|

Zhang ZM et al . Treatment strategies for elderly biliary diseases
Figure 4).

Table 4 Distribution of coexisting diseases in surgical and
non-surgical groups, n (%)
Type of coexisting
disease

Surgical
group

Non-surgical
group

χ2

P value

Coronary heart disease
Atrial fibrillation
Hypertension
Diabetes
Renal insufficiency
Chronic bronchitis with
emphysema
Portal hypertension
Pulmonary infection
Hypoalbuminemia
Anemia
Electrolyte disorder
Cerebral infarction
Hepatic insufficiency

40 (14.7)
8 (2.9)
84 (30.8)
33 (12.1)
1 (0.4)
5 (1.8)

28 (13.5)
1 (0.5)
55 (26.4)
22 (10.6)
5 (2.4)
9 (4.3)

17.526

0.131

3 (1.1)
7 (2.6)
9 (3.3)
8 (2.9)
21 (7.7)
30 (11.0)
24 (8.8)

0 (0.0)
10 (4.8)
9 (4.3)
5 (2.4)
21 (10.1)
28 (13.5)
15 (7.2)

DISCUSSION
Clinical characteristics of biliary disease in elderly
patients

It is known that elderly people have a reduced response
to stress, can be insensitive to pain, and have reduced
abdominal muscle strength. In elderly patients with
acute cholecystitis, acute suppurative cholangitis or
other biliary diseases, clinical manifestations and
pathological changes are often poorly correlated. These
patients typically show mild symptoms, but have severe
[20]
pathological alterations .
Due to decreased defense in the body, lower tension
in the gallbladder wall, and difficulty in removing biliary
stones, patients can have stones lodged in the neck
of the gallbladder under stimulating conditions, e.g.,
a fatty diet. This can lead to an increase in internal
pressure in the gallbladder, causing secondary infection
and acute suppurative cholecystitis. In addition, small
artery sclerosis in the gallbladder wall can result in
an insufficient blood supply which can cause necrotic
perforation of the gallbladder, biliary peritonitis, and
even toxic shock. Therefore, elderly patients have the
characteristics of acute onset and rapid progression of
diseases.
Due to reduced immune function, increased in
cidence of biliary tract tumors and difficult early
diagnosis in the elderly, the occurrence of jaundice
may cause severe damage to vital organs and the
immune system. Thus, elderly patients have a low
surgical resection rate, an increase in postoperative
complications and high mortality.
In this study, we found that 289 elderly patients
had 1-2 types of 10 different biliary diseases. Of
these patients, 45.3% had one type of biliary disease,
and 54.7% had two types of biliary diseases. These
findings indicated that many elderly patients have
multiple biliary tract diseases.

A single patient may have 1-6 types of coexisting diseases.

surgical treatment with 1 of 9 different surgical
procedures (Table 6), including pancreaticoduo
denectomy (Figure 1), radical resection of hilar
cholangiocarcinoma, and LC (Figure 2). Of these
patients, 105 underwent simple LC, 7 of which were LC
plus endoscopic sphincterotomy (EST) or endoscopic
[17-19]
papillary balloon dilation (EPBD)
. The success
rate was 100%, and none of the patients required
conversion to laparotomy.

Postoperative complications

Ten types of postoperative complications were recorded,
including pulmonary infection, hypopotassemia, incision
fat liquefaction and others, with an incidence of 39.3%
(68/173). Of these complications, hypopotassemia
had the highest incidence (33.8%, 23/68), followed by
hypoalbuminemia (22.1%), and pulmonary infection
(19.1%) (Figure 3).

Therapeutic outcomes

Among these 289 elderly patients, 269 (93.1%)
patients were cured, 11 (3.8%) patients improved,
and 9 patients (3.1%) died.
In the surgical group, 168 patients were cured, with
a cure rate of 97.1% (168/173). Five patients died
at 4, 6, 18, 31 and 100 d after surgery, with 3 who
died due to acute myocardial infarction (AMI), 1 due
to pulmonary embolism, and 1 due to multiple organ
failure. The mortality rate was 2.9% in the surgical
group (5/173).
In the non-surgical group, 101 patients were cured,
with a cure rate of 87.1% (101/116), and 11 patients
improved, with a rate of 9.5% (11/116). Four patients
died due to multiple organ failure at 5, 6, 6 and 10 d
after admission, resulting in a mortality rate of 3.4%
(4/116).
A significant difference in the therapeutic effects
between the surgical group and the non-surgical group
2
2
was observed using the χ test (χ = 17.227, P < 0.05;
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Active management of coexisting diseases

It has been reported that morbidity due to coexisting
diseases in elderly patients with biliary diseases is
[21]
as high as 65%-90% . From our current study, we
found that 77.2% of patients had 1-6 types of 13
coexisting diseases, such as hypertension, CHD and
diabetes. The incidence of coexisting diseases in the
surgical group was 57.4%, and was 42.6% in the nonsurgical group. No significant difference in coexisting
diseases was observed between the two groups. Our
study indicated that by actively managing coexisting
diseases, surgery in elderly patients with biliary
[22]
diseases is safe and feasible .
[23-25]
If hypertension coexists with biliary diseases
,
perioperative hypertension can enhance bleeding
during surgery, induce myocardial ischemia, AMI,
stroke, renal failure and other complications. It was
recommended by the Anesthesiology Society of the
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Figure 1 Pancreatoduodenectomy in a 73-year old female patient with bile duct carcinoma. A: Three-dimensional computed tomography reconstruction found
an extrahepatic bile duct obstruction (arrow); B: MRI coronal image confirmed entire extrahepatic bile duct obstruction (arrows); C: Tumor (arrow) seen at the incision
of the common bile duct; D: Tumor (arrow) seen in the common bile duct by intraoperative choledochoscopy; E: Upper cut end of the hepatic common duct (arrows);
F: The cut end of the pancreas (arrow), and the portal vein; G: Child anastomosis (arrows); H: Resected specimen following pancreatoduodenectomy; I: Papillary
adenocarcinoma of extrahepatic bile duct, including the hepatic common duct, common bile duct and Vater ampulla. Hematoxylin and eosin staining. Objective
magnification, × 40.

Chinese Medical Association in 2014 that preoperative
blood pressure should be maintained below 140/90
mmHg. Some researchers have also suggested that
preoperative blood pressure should be below 135/85
mmHg, and remain stable for 1-2 wk. It is noteworthy
that in the case of non-emergency surgery, patients
should cease to use reserpine and anti-hypertensive
drug No. 0 and switch to other anti-hypertensive
drugs 7 d prior to surgery, as it is possible that use of
these drugs can cause catecholamine depletion in the
peripheral sympathetic nerve endings, which makes it
difficult to improve and maintain blood pressure when
low blood pressure occurs during surgery.
[26-28]
If patients with biliary diseases also have CHD
,
preoperative ECG, dynamic ECG and echocardiography
should be performed before surgery. If cardiac dys
function or arrhythmia can be controlled by drugs,
and the ejection fraction is more than 60% with better
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cardiac compensatory function, surgical treatment can
be considered. If patients have a history of cardiac
dysfunction, surgery can only be performed when the
illness has been stable for 1 mo. In patients with a
history of AMI, surgery should only be performed when
the illness has been stable for at least 6 mo. In the case
of AMI, the blood levels of cardiac Troponin I (cTnI),
brain-type natriuretic peptide (BNP) and N-terminal
[29-31]
proBNP (NT-proBNP)
should be evaluated to
determine the severity of myocardial injury and heart
failure. If the patient has a history of bradycardia, a
cardiac pacemaker should be implanted before surgery.
If patients with biliary diseases also have an old
[32-34]
cerebral infarction
, neck vascular ultrasound,
head magnetic vascular imaging, or head and neck
CT angiography should be performed. Carotid artery
stenosis should be less than 50%, and pre-, intraand post-operative blood pressure should be kept
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Figure 2 Laparoscopic cholecystectomy in a 78-year-old male patient with acute calculous cholecystitis. A: Pus (arrow) surrounding the gallbladder; B: Pus
(arrow) in the lumen of the gallbladder; C: Congestion and edema of the gallbladder wall (arrow); D: Ordinary silk thread to ligate cystic duct (arrow); E: Inflammatory
adhesion (arrow) of gallbladder bed; F: Wound after cholecystectomy.

Table 5 Comparison of laboratory test results at admission in surgical and non-surgical groups
Item
Routine blood
WBC (× 109/L)
N%
Hb (g/L)
hs-CRP (mg/L)
Liver function
ALT (U/L)
AST (U/L)
TP (g/L)
Alb (g/L)
TB (μmol/L)
DB (μmol/L)
Tumor marker
CA19-9 (U/mL)
CEA (ng/mL)
Blood clotting function
APTT (s)
PT (s)
INR
FIB (g/L)

Surgical group,
n = 173

Non-surgical group,
n = 116

t

P value

8.54 ± 4.77
71.94 ± 14.81
127.41 ± 20.44
50.02 ± 76.60

10.41 ± 5.58
79.45 ± 13.55
121.00 ± 20.06
52.48 ± 58.76

-3.054
-4.450
2.631
-0.288

0.002a
0.000a
0.009a
0.774

70.17 ± 103.96
71.32 ± 115.81
62.65 ± 8.33
36.59 ± 5.92
51.74 ± 103.87
21.99 ± 39.50

94.13 ± 139.50
105.00 ± 190.88
62.06 ± 8.94
35.16 ± 5.75
34.33 ± 37.06
15.85 ± 23.37

-1.573
-1.696
-0.553
2.030
2.021
1.659

0.117
0.092
0.581
0.043a
0.044a
0.098

340.19 ± 1317.16
2.76 ± 4.13

896.95 ± 6346.89
142.66 ± 1283.35

-0.880
-1.005

0.380
0.318

-0.124
-2.739
-2.318
-0.449

0.901
0.007a
0.021a
0.654

32.49 ± 5.20
11.61 ± 1.38
1.05 ± 0.13
3.63 ± 1.21

32.59 ± 7.56
12.12 ± 1.54
1.09 ± 0.14
3.69 ± 0.90

a

P < 0.05, surgical group vs non-surgical group. Alb: Albumin; ALT: Alanine aminotransferase; APTT: Activated partial thromboplastin time; AST:
Aspartate aminotransferase; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; DB: Direct bilirubin; FIB: Fibrin; Hb: Hemoglobin; hsCRP: High sensitivity C-reactive protein; INR: International normalized ratio; N%: Neutrophil percentage; PT: Prothrombin time; TB: Total bilirubin; TP:
Total protein; WBC: White blood cell count.

constant to avoid large fluctuations. This preventive
measurement can effectively reduce the incidence of
perioperative cerebral infarction and mortality.
[35,36]
In patients with coexisting diabetes
, surgical
stress can cause disorders of glucose metabolism and
insulin resistance, and even produce ketone bodies or
ketoacidosis. Therefore, the use of oral hypoglycemic
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agents and intermediate- or long-acting insulin should
be stopped and switched to regular insulin. The expert
consensus for the perioperative management of blood
glucose, proposed by the Anesthesiology Society of
the Chinese Medical Association in 2014, suggested
that preoperative blood glucose should be below
[35]
10 mmol/L . In addition, sustained high glucose
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1%

23%

6%

Incision infection

1%
4%

Table 6 Surgical procedures in elderly patients with biliary
diseases

Incision fat liquefaction
Pancreatic leakage

n (%)

Bile leakage

Surgical procedure

4%

Hypopotassemia

4%

Pulmonary infection

Pancreaticoduodenectomy
Radical resection of hilar cholangiocarcinoma
Radical resection of gallbladder carcinoma
Hepatectomy
Open cholecystectomy (OC)
OC + common bile duct exploration + T-tube
OC + transcystic common bile duct exploration
Laparoscopic cholecystectomy (LC)
LC + endoscopic sphincterotomy or endoscopic
papillary balloon dilation
Total

Urinary system infection

3%

Pancreatitis
35%

Renal failure
Hypoalbuminemia

19%

Figure 3 Post-operative complications occurred in 68 elderly patients
with biliary diseases.
180

168

160
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120
100

[39]

101

80
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40
20
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11
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Figure 4 Therapeutic outcomes in the surgical and non-surgical groups.

blood levels can benefit the growth of bacteria, lower
immune function, and result in abnormal neutrophil
function with reduced phagocytosis. Antibiotics should
be administered to prevent infection prior to surgery.

Management of indications and surgical opportunities

In elderly patients with biliary diseases combined
with coexisting diseases, it is essential to manage
indications and surgical opportunities.
In elderly patients with cholecystolithiasis, surgery
can be determined based on the size of stones,
gallbladder function, history of biliary colic, and
whether the disease is complicated by cholangitis or
pancreatitis. Surgery should be performed as soon
as possible to avoid increased surgical risk due to
increased patient age, disease progression and other
coexisting diseases.
For patients with choledocholithiasis, surgery can
be determined based on the size and number of stones
and diameter of the common bile duct. Surgery should
[37]
be carried out as soon as possible .
In patients with biliary tract tumors, surgery should
be based on the site of obstruction, the degree of
invasion and presence of distant metastasis. When
favorable, surgery should be performed as early as
possible, in order to improve quality of life and extend
[38]
life expectancy .
In patients with acute cholangitis, conservative
treatment should be actively considered in order to
change emergency surgery to scheduled surgery as
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173 (100.0)

early as possible . However, in elderly patients with
acute obstructive suppurative cholangitis or acute
gangrenous cholecystitis, emergency surgery should
be performed as soon as possible to prevent the likely
[40-42]
complications of sepsis and even toxic shock
.
Our laboratory tests showed that the white blood
cell count, percentage of neutrophils, prothrombin time
and international normalized ratio at admission were
significantly decreased (P < 0.05), whereas the levels
of hemoglobin, albumin and total serum bilirubin were
significantly increased in the surgical group compared
with the non-surgical group (P < 0.05). These results
suggested that the management of indications and
surgical opportunities can significantly reduce surgical
risk, and avoid unnecessary surgery, especially
emergency surgery. Although the results of serum hsCRP was not significantly different between the two
groups (P > 0.05), dynamic monitoring of changes in
[11,12]
hs-CRP may result in important reference values
for assessing the progression of acute cholecystitis and
in choosing a suitable time window for surgery.

Surgical group
Non-surgical group

140

6 (3.5)
6 (3.5)
4 (2.3)
4 (2.3)
6 (3.5)
21 (12.1)
14 (8.1)
105 (60.7)
7 (4.0)

Appropriate selection of surgical procedures

The choice of surgical procedure for biliary diseases
in the elderly is crucial. It is important to avoid a long
disease process or even a second operation following
conservative surgery. On the other hand, the increased
surgical risk due to aggressive surgery should also
be prevented. For example, conservative surgery of
acute gangrenous cholecystitis, such as percutaneous
[43,44]
cholecystostomy
, an alternative treatment for
resolving acute inflammation, is theoretically suitable
for patients in poor general condition, with a serious
illness, unstable blood pressure during surgery, and
other special circumstances. However, percutaneous
cholecystostomy should be avoided for the reasons
mentioned above. In our treatment group, none of the
patients underwent percutaneous cholecystostomy.
Aggressive surgery, such as LC, should be selected
with caution in patients with poor heart and pul
monary function before surgery, especially in the
presence of emphysema. If LC must be performed,
intraoperative pneumoperitoneum pressure should be
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controlled to below 10 mmHg to reduce the impact of
pneumoperitoneum on heart and pulmonary function.
There is no definitive view on the upper age limit for
patients undergoing LC. The oldest patients were a
[10]
96-year-old reported by Lee et al
and a 102-year[45]
old reported in China . In our study, 112 patients
underwent LC (including 7 patients who underwent LC
[46,47]
+ EST/EPBD)
, with a success rate of 100%, and
none of the patients were converted to laparotomy.
The key to success is management of indications and
the opportunity to perform LC.
It is important to skillfully separate inflammatory
edema and adhesions in the neck of the gallbladder
using a suction device, and to ligate or suture the
enlarged, thickened and merged sheet-like cystic duct
with silk thread during surgery. If necessary, removing
the subtotal gallbladder wall and cauterizing the
residual gallbladder mucosa can help to avoid bleeding
in the gallbladder bed and increased surgery time.

levels may fluctuate shortly after surgery due to the
stress response, vasoactive drugs and other factors.
Therefore, maintaining postoperative blood glucose at
6.0-10.0 mmol/L may reduce the incidence of posto
[35]
perative complications .
Strengthen postoperative nutritional support:
In elderly patients with biliary diseases, multiple
coexisting diseases and poor physical condition,
supplementation with glucose and vitamins, milk fat,
amino acids, albumin and other nutritional support
should be given after surgery. When necessary, total
parenteral nutrition should be administered. During
postoperative fasting, the necessary basic calorie count
should be maintained at 25-30 kcal/kg per day. In
patients undergoing major surgery, the calorie count
should be increased by 30%-40%, and the ratio of
calories to nitrogen should be kept at 120-150 kcal:1 g.
Maintain water, electrolyte and acid-base balance:
In elderly patients with biliary diseases, an electrolyte
imbalance can occur due to preoperative and
postoperative fasting, the stress response caused by
surgery, postoperative gastrointestinal decompression
and biliary drainage. Therefore, various electrolytes
should be supplied to maintain water, electrolyte and
acid-base balance.
In addition, elderly patients often have a long
history of aspirin administration. Due to its role in
anti-platelet aggregation, the use of aspirin may
interfere with normal coagulation function during
the perioperative period. However, discontinuation of
[52,53]
aspirin before surgery remains controversial
. We
recommend discontinuation of aspirin 7-10 d prior to
elective surgery in order to avoid the increased risk
of surgery-related bleeding, given that the lifespan of
[54]
platelets is reported to be 7 to 10 d . If necessary,
such as after coronary artery bypass surgery, low
molecular weight heparin can be used as a substitute.
In the case of emergency surgery, fibrinogen, pro
thrombin complex and plasma should be used to
antagonize possible intraoperative and postoperative
coagulopathy.

Improving perioperative therapy

Strengthen the function of the heart, lungs,
kidneys and other important organs: In elderly
patients with biliary diseases, it is important to
frequently monitor ECG, central venous pressure, and
urine volume. When necessary, the amount of urine
per h should be recorded, and used as a guideline for
the infusion volume and speed to prevent heart failure
and pulmonary edema caused by excessive and fast
infusion. Patients should be encouraged to take a deep
breath, expectorate and change position, to maintain
an unobstructed respiratory tract and to prevent
respiratory tract infection. These measures can help
to attenuate postoperative pulmonary atelectasis and
[48,49]
pneumonia
.
In patients with coexisting CHD, the serum levels of
BNP, cTnI, myoglobin and creatine kinase isoenzyme
MB should be monitored to identify heart failure and/
or AMI. In patients with acute heart failure, besides
the selective administration of digitalis and other
positive inotropic drugs, appropriate use of diuretics
can promote the discharge of absorbed interstitial
fluid. In addition, the administration of a small dose
of dopamine (0.5-2.0 µg/kg per min) can expand the
renal and mesenteric vessels, increase renal blood flow
and glomerular filtration rate, and then increase urinary
output mainly by acting on dopamine receptors; the
administration of a medium dose of dopamine (2.0-10.0
µg/kg per min) can directly act on β1 receptors, leading
to an increase in myocardial contraction and cardiac
output.
[50]
In patients with coexisting hypertension , besides
the use of nitroglycerin and other antihypertensive
[51]
drugs, increased blood pressure induced by pain
should be carefully monitored and, when necessary,
analgesics should be administered or an analgesic
pump used.
In patients with coexisting diabetes, blood glucose
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Timely management of postoperative complications

In elderly patients with biliary diseases, postoperative
complications are common due to decreased defense
capability, reduced immune function and coexisting
diseases.
We identified 10 different postoperative com
plications in our study cohort, including pulmonary
infection, hypopotassemia, incision fat liquefaction
and others, with an incidence rate of 39.3% (68/173).
Hypopotassemia (33.8%) showed the highest incidence,
followed by hypoalbuminemia (22.1%) and pulmonary
infection (19.1%). Hypopotassemia should be actively
treated, and if necessary, potassium can be pumped
into the blood vessels using a micro-infusion pump.
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using better imaging and endoscopic methods for diagnosis and surgical
techniques.

In order to prevent and treat postoperative
pulmonary infection, patients should be asked to
routinely inhale an aerosol, ensure early ambulation,
maintain oral health care, and be tested by regular
sputum culture to identify bacterial or fungal infections.
If shortness of breath and difficult expectoration occur,
the patient should be ventilated as soon as possible
and respiratory secretions removed to maintain
adequate ventilation. One should never wait until the
emergence of respiratory failure before considering
the use of a ventilator. In addition, it is necessary to
prevent inhalation-induced pulmonary infection due
to vomiting and aspiration caused by hypotonia of the
lower esophageal sphincter.
Surgical treatment in elderly patients with biliary
[55-59]
disease is safe and feasible
. According to the
patient’s condition, active treatment of coexisting
diseases, management of indications and surgical
opportunities, appropriate selection of surgical proce
dures, improvements in perioperative therapy and
timely management of postoperative complications are
key factors in improving therapeutic efficacy in elderly
[60-62]
patients with biliary diseases
.
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Abstract
AIM
To quantify the risk of gastric cancer in first-degree
relatives of patients with the cancer.
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METHODS
A comprehensive literature search was performed.
Case-control trials comparing the frequency of a
positive family history of gastric cancer in patients with
gastric cancer, vs non-gastric cancer controls were
retrieved. Studies with missed or non-extractable data,
studies in children, abstracts, and duplicate publications
were excluded. A meta-analysis of pooled odd ratios
was performed using Review Manager 5.0.25. We
performed subgroup analysis on Asian studies and a
sensitivity analysis based on the quality of the studies,
type of the outcome, sample size, and whether studies
considered only first-degree relatives.
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RESULTS
Thirty-two relevant studies out of 612 potential
abstracts (n = 80690 individuals) were included. 19.0%
of the patients and 10.9% of the controls had at least
one relative with gastric cancer (P < 0.00001). The
pooled relative risk for the development of gastric
cancer in association with a positive family history
was 2.35 (95%CI: 1.96-2.81). The Cochran Q test for
heterogeneity was positive (P < 0.00001, I ² = 92%).
After excluding the three outlier studies with the highest
relative risks, heterogeneity remained significant (P <
0.00001, I ² = 90%). The result was not different among
Asian studies as compared to others and remained
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development of gastric cancer. Environmental factors
include diet and infection with Helicobacter pylori
(H. pylori) have been shown to contribute to gastric
[4]
cancer . The incidence of gastric cancer is declining
globally, principally because of the improvements in
socio-economic status and partly due to widespread
[2]
use of eradication therapy for H. pylori . An increased
intake of nitrites and nitrosamines, as well as of salted
foods have also been other suggested environmental
[5,6]
factors . Familial predisposition has also long been
considered an important factor. Several case-control
studies have reported a higher rate of gastric cancer
among relatives of patients than among relatives of
controls, however, no guideline defines the assessment
of the family history in patients with gastric cancer.
A systematic review on the studies investigating
the rates of genetic assessment and referral for 11
different types of familial cancer did not include gastric
[7]
cancer . This indicates an apparent lack of awareness
of the extent of genetic susceptibility to gastric cancer.
The only meta-analysis on the risk of gastric cancer
in the first degree relatives of patients scrutinized the
role of H. pylori concluded that first-degree relatives
of patients with gastric cancer may be at higher risk of
developing gastric cancer, due to indirect evidence such
as higher prevalence of H. pylori, gastric atrophy and
[8]
intestinal metaplasia . We have shown an increased
risk of developing gastric cancer in first degree relatives
of patients by systematically reviewing the literature,
however, we did not aim to perform a statistical analysis
[9]
to estimate the risk . The goal of this study was to
measure the risk of gastric cancer in family members,
by conducting a meta-analysis of published case-control
studies.

robust in several sensitivity analyses. In the 26 studies
which exclusively analysed the history of gastric cancer in
first-degree relatives, the relative risk was 2.71 (95%CI:
2.08-3.53; P < 0.00001).
CONCLUSION
Individuals with a first-degree relative affected with
gastric cancer have a risk of about 2.5-fold for the
development of gastric cancer. This could be due
to genetic or environmental factors. Screening and
preventive strategies should be developed for this highrisk population.
Key words: Gastric cancer; Risk, Relatives; Family
history; Meta-analysis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Several case-control studies have found a
familial predisposition for gastric cancer. Most studies
suggest that first-degree relatives of patients with
gastric cancer are at higher risk. In this meta-analysis
we aimed to quantify this risk by including casecontrol trials comparing the frequency of a positive
family history of gastric cancer in patients with
gastric cancer, vs non-gastric cancer controls were
retrieved. We showed that the pooled relative risk
for the development of gastric cancer in association
with a positive family history was 2.35 (95%CI:
1.96-2.81). We concluded that the individuals with a
first-degree relative affected with gastric cancer have
a risk of about 2.5-fold for the development of gastric
cancer. This could be due to genetic or environmental
factors. Screening and preventive strategies should be
developed for this high-risk population.

MATERIALS AND METHODS

Yaghoobi M, McNabb-Baltar J, Bijarchi R, Hunt RH. What is
the quantitative risk of gastric cancer in the first-degree relatives
of patients? A meta-analysis. World J Gastroenterol 2017;
23(13): 2435-2442 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i13/2435.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2435

Search strategy

Electronic searches were conducted using OVID
MEDLINE (1946 to December 2013), EMBASE (1980
to December 2013) and Cochrane library, and ISI Web
of knowledge from 1980 to December 2013. Articles
were selected using a highly sensitive search strategy,
with a combination of MeSH headings and text words
that included (1) gastric cancer; (2) risk factor; or
(3) family history. Recursive searches and crossreferencing were carried out using a “similar articles”
function; bibliography of the articles identified after an
initial search were also manually reviewed. The search
was not restricted to any specific language.

INTRODUCTION
Gastric cancer is the fourth most common cancer
worldwide and is the second most frequent cause of
death from cancer, accounting for 10.4% of all cancer
[1]
deaths . Approximately 700000 people die from
[2]
gastric cancer each year . In 2008, about threequarters of cases and deaths from stomach cancer
occurred in low- and middle-income and middle-income
countries (LMIC). Rates are also elevated in Eastern
Europe including Russia, as well as certain parts of
[3]
Latin America and East Asia . Both environmental
and genetic factors are believed to play a part in the

WJG|www.wjgnet.com

Inclusion/exclusion criteria

Case-control studies were included if they included
cases diagnosed with gastric cancer and controls with
diagnoses other than gastric cancer. The outcome of
interest was a positive family history of gastric cancer
in first or second-degree relatives. Studies with missed
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were excluded based on the quality score. Studies with
a score of > 5 were considered as of higher quality.

32 of additional
records
identified
through other
sources

612 records
identified
through
database
searching

Statistical analysis

A meta-analysis of pooled relative risk was performed
using the Mantel-Haenszel method and Review
Manager 5.0.25. The random effect model was applied.
A P value of 0.05 was applied as criterion for statistical
2
significance. I was generated to assess heterogeneity
[11]
and was interpreted as previously described . Test
of heterogeneity was considered significant if the P
value less than 0.10. All results are reported with
95%CI when applicable. Subgroup analysis was done
on studies in patients with Asian ethnicity vs studies of
patients with non-Asian origins. The following sensitivity
analyses were also conducted: (1) studies with higher
quality score vs those with lower quality score; (2)
studies with the question of family history in gastric
cancer as the primary objective vs studies in which it
was a secondary objective; (3) Studies with a sample
size of more than 1000; and (4) Studies on positive
family history of gastric cancer in first degree relatives.

612 records after duplicates
removed

612 abstracts
screened

414 records
excluded

198 full-text
articles assessed
for eligibility

166 full-text
articles excluded

32 studies
included in
meta-analysis

RESULTS
A total of 612 potential studies were identified. Thirty
two studies were found to be eligible and were included
in the meta-analysis (nine from Europe, nineteen from
East Asian countries, one from India, one from Iran,
one from Peru and one from the United States). Figure
1 depicts the PRISMA flow diagram. All but three of
the studies were published in English, one in Spanish
and one was in Korean. The results of one of the
included studies were published separately for siblings
[12,13]
and parents
and one publication included two
different studies on hospital- and community-based
[14]
populations . The primary objective of seventeen
studies was to estimate the risk of gastric cancer in
relatives of patients. This was a secondary objective in
fifteen other studies. Table 1 lists the characteristics of
the included studies. Figure 2 depicts the Funnel plot
of the study. No visual asymmetry was observed in the
Funnel plot.
In total, 17306 cases with gastric cancer and
63384 controls. 19.0% of the cases and 10.9% of
the controls had at least one relative with a diagnosis
of gastric cancer (P < 0.00001). The random model
Mantel-Haenszel meta-analysis showed a relative risk
for the development of gastric cancer in individuals
with a positive family history in a first- or seconddegree relative, compared to controls was 2.35
(95%CI: 1.96-2.81) (Figure 3). The Cochran Q test for
heterogeneity was positive (P < 0.00001, I² = 92%).
After excluding the three outlier studies with the
highest relative risks, heterogeneity remained significant
(P < 0.00001, I² = 90%). When we considered the 26
studies which exclusively analysed the history of gastric
cancer in first-degree relatives, the relative risk was 2.71

Figure 1 PRISMA diagram.

or non-extractable data, studies in children, abstracts,
and duplicate publications were excluded.

Publication bias

No restrictions were applied in terms of language,
geographical location or quality of studies. A funnel
plot model was applied to explore the likelihood of
publication bias. Asymmetry of funnel plot implies
likelihood of publication bias.

Reliability

One of the a priori concerns was the possibility of
selection bias in retrieving and evaluating the included
studies. In order to reduce this bias, two independent
reviewers performed the search, quality assessment
and data extraction. A third reviewer was involved
when a consensus could not be achieved.

Heterogeneity

Variation in the patient populations and the quality
of studies was considered as an a priori source of
heterogeneity. Subgroup analyses were predicted a
priori to investigate each source.

Quality assessment

Two reviewers retrieved the data. The Newcastle-Ottawa
Scale for assessing the quality of non-randomized
studies in meta-analyses was applied to evaluate the
[10]
quality of observational studies . The total score for
this assessment tool ranged from 0 to 9. No studies
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Table 1 Characteristics of included studies
Ref.

Year

Country

Controls

Type of outcome

Family history

Quality score
(0-9)

Bakir et al[11,12]

2000
2003
2000
2004
2012
1999
2010
2001
2011
2006
2008
1996
2012
2013
2007
2006
1999
2001
1992
2009
2010
2011
2003
1996
1994
2009
2011
2009
2010
2014
2010
2009
2008

Turkey

HB, NC, NGC

Primary

1st

4

Germany
Taiwan
Peru
Poland
South Korea
United States
Japan
Japan
Italy
India
Spain
South Korea
Spain
South Korea
Japan
Japan
Italy
South Korea
China
China
Japan
Japan
Italy
Sweden
Iran
China
South Korea
China
China
China
China

HB, NGC
HB, NC, GC, NGI
HB, NC
CB, Healthy
HB, NGC
PB, Healthy
HB, NGC
HB, NGC
HB, NC
HB, NGC
CB, NGI
HB, NGC
HB, NC, NGC
HB, NC, NGC
HP, NGC
HB, NC, NGC, NGI
HB, NC, NGC, NGI
HB, NGC
HB, NGI
HB, NGC
HP, NC, NGC
HB, NC, NGC
CB, healthy
HB, CB, NC
HB, Healthy
HB, NGC
HB, NGC
HB + CB, NGC
HB, NGC
HB, NC
HB, NC

Primary
Primary
Primary
Secondary
Primary
Primary
Secondary
Primary
Primary
Secondary
Secondary
Primary
Secondary
Secondary
Secondary
Primary
Primary
Primary
Secondary
Secondary
Secondary
Primary
Primary
Secondary
Primary
Primary
Primary
Secondary
Secondary
Secondary
Secondary

1st
1st
Unclear
Unclear
1st
1st
1st
1st
1st
Unclear
1st
1st
1st/2nd
1st
1st
st rd
1 -3
1st
Unclear
1st
1st
1st
1st
1st
1st/2nd
1st
1st
1st
1st
1st
1st
1st

5
6
5
7
5
7
6
4
6
5
6
5
6
4
5
4
3
5
6
5
5
5
6
7
6
6
6
7
5
6
6

Brenner et al[25]
Chen et al[26]
Chirinos et al[27]
Chow et al[28]
Chung et al[29]
Dhillon et al[30]
Ennishi et al[31]
Eto et al[32]
Foschi et al[33]
Gajalakshmi et al[34]
Garcia-Gonzalez et al[35]
Gong et al[36]
García-González et al[37]
Hong et al[38]
Huang et al[39]
Ikeguchi et al[40]
La Vecchia et al[41]
Lee et al[42]
Li et al[43]
Mao et al[44]
Minami et al[45]
Nagase et al[46]
Palli et al[47]
Presson et al[13]
Safaee et al[48]
Shen et al[49]
Shin et al[50]
Wen et al[51]
Yi et al[52]
Zhang et al[53]
Zhang et al[54]

HB: Hospital-based; CB: Community-based; NC: Non-cancer; NGI: Non gastrointestinal disorder; NGC: Non-gastric cancer.

0.0

SE (log[RR])

0.2

within this subgroup of seven studies (P < 0.00001,
I² = 93%). In non-Asian population, the relative risk
was 2.27 (95%CI: 1.56-3.30; P < 0.00001). There was
evidence for heterogeneity in this analysis (P < 0.00001,
I² = 91%).
A sensitivity analysis was performed after excluding
all studies with a total number of included individuals
less than 1000 and showed that the difference between
two groups remained unchanged (P = 0.31).

Subgroups
Asian studies
Non-Asian studies

0.4
0.6
0.8
1.0

RR
0.05

0.2

1

5

Sensitivity analyses

20

High quality vs low quality studies: Heterogeneity
persisted among thirteen studies that were scored
as high quality (P < 0.00001, I² = 73%) as well
as among studies with lower quality scores (P <
0.00001, I² = 95%). Random model Mantel-Haenszel
meta-analysis showed no significant difference (P =
0.50) between the high quality [RR = 2.21 (95%CI:
1.84-2.64)] as compared to low quality studies [RR =
2.47 (95%CI: 1.87-3.27)].

Figure 2 Funnel plot of included studies (n = 19).

(95%CI: 2.08-3.53; P < 0.00001).

Subgroup analysis

Asian and non-Asian populations: There was no
significant difference in studies on Asian as compared
to those on non-Asian population in random model
Mantel-Haenszel meta-analysis (P = 0.82). The relative
risk in Asian studies was 2.38 (95%CI: 1.91-2.97, P
< 0.00001). The test of heterogeneity was significant
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studies that used family history as the primary outcome
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Cases
Study or subgroup

Events

Total

Control
Events

Asian studies
Ennishi 2011
155
703
Mao 2011
74
200
Minami 2003
140
614
Zhang 2009
46
236
Huang 1999
207
887
Ikeguchi 2001
216
926
Gong 2013
61
327
Nagase 1996
21
136
Li 2012
32
138
Lee 2009
54
183
Zhang 2008
31
414
Shin 2010
90
428
Shen 2009
112
503
Wen 2014
92
308
Chen 2004
47
176
Eto 2006
543
1400
Yi 2010
41
140
Chung 2010
252
3242
Gajalakshmi 1996
12
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3.6%
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Figure 3 The Mantel-Haenszel meta-analysis of all included studies (n = 32) with subgroup analysis of Asian vs non-Asian population.

(P < 0.00001, I² = 91%) as well as among studies
that used it as secondary outcome (P < 0.00001, I² =
89%). Random model Mantel-Haenszel meta-analysis
showed no significant difference (P = 0.66) between
two subgroups [RR = 2.43 (95%CI: 1.95-3.05) and RR
= 2.26 (95%CI: 1.75-2.91)], respectively.

DISCUSSION
To our knowledge, this is the first meta-analysis
exploring the relative risk for the development of
gastric cancer among the relatives of patients. Overall,
the risk is approximately 2.5 times greater in those
with an affected first-degree relative than in relatives of
unaffected controls. However, we observed significant
heterogeneity between studies. This heterogeneity
could be the result of variations in population sampling
or in experimental design, but could also reflect
inherent differences in the genetic composition of the
studied populations. The relative risk of gastric cancer

Effect of the sample size on outcome: Hete
rogeneity persisted among thirteen studies with a
total included individuals greater than 1000 (P <
0.00001, I² = 96%). Random model Mantel-Haenszel
meta-analysis showed a relative risk of 2.68 (95%CI:
2.08-3.45, P < 0.00001).
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is elevated to a similar extent for first-degree relatives
of patients in the different studies, but the actual risk
will depend on the ethnic group and the country of
residence. For example, the lifetime risk of gastric
cancer is approximately 1% in Canada and the United
States, but exceeds 4% in regions of China, Japan and
[15]
Korea . Rates are also high in Colombia, Ecuador
and Costa Rica and in parts of southern and Eastern
Europe, including Italy, Portugal, Latvia and Estonia.
In parts of Japan, the lifetime risk of gastric cancer
exceeds 10% in males and 4% in females and if the
relative risk of 2.5 is applied to relatives of patients
in these populations, the lifetime risk may approach
25%. In contrast, in Canada a male with a first-degree
relative with gastric cancer faces a lifetime risk of
[2]
about 3% .
Among environmental factors H. Pylori infection
is directly related to gastric cancer. In a metaanalysis of prospective (cohort) studies, the OR for
the association between H. Pylori infection and the
subsequent development of gastric cancer was 2.36
[16]
(95%CI: 1.98-2.81) . A comprehensive literature
search identified 16 qualified studies with 2284 cases
and 2770 controls. H. pylori and cagA seropositivity
significantly increased the risk for gastric cancer by
2.28- and 2.87-fold, respectively. Among H. pylori
-infected populations, infection with cagA-positive
strains further increased the risk for gastric cancer
by 1.64-fold (95%CI: 1.21-2.24) overall and by
2.01-fold (95%CI: 1.21-3.32) for noncardiac gastric
[17]
cancer . Another meta-analysis of three randomized
controlled studies also showed a reduction in the risk
of gastric cancer following the eradication of H. pylori
[4]
infection (OR = 0.67; 95%CI: 0.42-1.07) . Other
environmental risk factors include a high intake of
foods containing nitrite and nitrosamine, salted foods
as well as decreased consumption of fresh fruits and
[5,6]
vegetables .
The genetic factors which are responsible for
the familial aggregation of gastric cancer are largely
unknown. Gastric cancer is one of several inherited
cancer predisposition syndromes, including hereditary
non-polyposis colon cancer, familial adenomatous
polyposis, Peutz-Jeghers syndrome, Cowden disease,
[18,19]
and the Li-Fraumeni syndrome
. Hereditary diffuse
gastric cancer (HDGC) is a rare, form of gastric cancer
with an autosomal dominant inheritance, which
presents with early-onset, poorly differentiated, highgrade, diffuse gastric cancer that can be caused by
germline mutations in CDH1 or p53 in half to two
[20,21]
thirds of the cases
. Microsatellite instability was
significantly associated with antral tumors and a
[20]
positive family history of gastric cancer . Increased
gastric cancer risk has also been associated with
polymorphic variants in interleukin-1-beta (IL-1β) and
N-acetyltransferase-1 (NAT1). In one study, individuals
carrying the IL-1β-31 T polymorphism were at a higher
[22,23]
risk of gastric cancer after H. pylori infection
.
This might indicate the potential interaction between

WJG|www.wjgnet.com

environmental and genetic factors.
Our study has the limitations inherent to most
case-control studies. We could not completely
exclude publication bias. Although we did not limit the
language of study publication and we used several
search sources, all but one of our included studies
is in English and some publications may have been
overlooked. Unpublished data might be another
source of bias. We have also provided a funnel plot to
visually assess this possibility. Several studies adjusted
their analyses for the effects of known or presumed
environmental factors. However, in our meta-analysis
it was not possible to consider possible confounders
because we did not have access to the original data.
Although different case-control studies have shown
a higher rate of gastric cancer among relatives of
patients, no guidelines have been developed to assess
systematically the family histories of individual patients
with gastric cancer. In 2008 Asia-Pacific consensus
guideline on preventing gastric cancer considered a
positive family history of gastric cancer an important
[24]
risk factor . A systematic review on cancer genetic
assessment provided risk assessment and referral
rates for 11 types of cancer known to show evidence of
[7]
familial clustering but did not include gastric cancer .
This indicates a possible lack of awareness of the
extent of genetic susceptibility for gastric cancer.
In summary, there is strong evidence that gastric
cancer has a familial component. The relative risk
of 2.5 reported here is larger than that observed for
most adult forms of solid cancers, with the exception
of ovarian cancer. Improving socioeconomic status and
eradication of H. pylori infection might, in long term,
decrease the risk however molecular epidemiology
studies, such as genome-wide association studies,
may help to identify the responsible genetic factors.
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Abstract
Hepatic angiosarcoma is a mesenchymal tumor ori
ginating from liver sinusoidal endothelial cells. It is
an extremely rare malignant neoplasm accounting for
less than 1% of primary malignant liver tumors. The
deregulated coagulopathy that can be seen in hepatic
angiosarcoma fulfills the clinical diagnostic criteria
of disseminated intravascular coagulation. However,
the mechanism that governs this coagulopathy has
been poorly understood. This case report provides
histological evidence of the consumption of coagulation
factors along with trapped platelets occurring within
the tumor, which is the foundation for the concept of
Kasabach-Merritt syndrome (KMS). KMS is characterized
by thrombocytopenia and hyperconsumption of coa
gulation factors within a vascular tumor. However,
KMS associated with angiosarcoma has not been well
recognized. This case report describes, for the first
time, the histological evidence of KMS that occurred in
an extremely rare mesenchymal malignant tumor of the
liver.
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mechanism of the clinical feature of this abnormal
coagulopathy associated with angiosarcoma have never
been well explained. The clinical entity of KasabachMerritt syndrome (KMS) is indistinguishable from DIC
by blood-based laboratory findings. The coagulopathy
associated with KMS is characterized by hyper-activation
of the coagulation cascade and entrapment of platelets
[7]
within dilated sinusoids of the vascular tumor . The
concept of KMS is well described in the pediatric
population with Kaposi hemangioendothelioma, and to
a much lesser extent seen in giant hemangioma in the
[8]
adult population . Here we describe a case of primary
hepatic angiosarcoma with the clinical and for the first
time, histological evidence of KMS.

Core tip: Kasabach-Merritt syndrome (KMS) is
characterized by thrombocytopenia and hyper
consumption of coagulation factors within a vascular
tumor. KMS is typically seen in the pediatric population
however there have been reports of KMS occurring
in association with adult vascular tumors. Based on
laboratory findings, it is hard to differentiate KMS
from disseminated intravascular coagulation. Here, we
describe, for the first time the histological evidence
validating the concept of KMS.
Wadhwa S, Kim TH, Lin L, Kanel G, Saito T. Hepatic
angiosarcoma with clinical and histological features of
Kasabach-Merritt syndrome. World J Gastroenterol 2017;
23(13): 2443-2447 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i13/2443.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i13.2443

CASE REPORT
A 44-year-old Hispanic male was admitted to our
hospital for worsening abdominal pain and jaundice.
Abdominal ultrasound demonstrated multiple masses
with heterogeneous echogenicity (Figure 1). Color
doppler study revealed hypervascularity within the
tumors.
The patient had no significant past medical, family,
or social history. He had no prior exposures to vinyl
chloride, arsenic, or thorium dioxide. The physical
examination was significant for scleral icterus and a
distended abdomen with diffuse tenderness. The exam
was negative for spider angiomata, palmar erythema,
shifting dullness, hepatic bruit, caput medusae, and
asterixis.
Pertinent laboratory values on admission were
3
as follows: white blood cell count 13400/mm ,
hemoglobin 8.8 g/dL, mean corpuscular volume 99 fL,
3
platelets 57000/mm , alkaline phosphatase 118 IU/L,
total protein 5.4 g/dL, albumin 2.7 g/dL, total bilirubin
6.4 mg/dL, direct bilirubin 3.1 mg/dL, aspartate
aminotransferase 42 IU/L, alanine transaminase 72
IU/L, prothrombin time 29.4 s, INR 2.88, PTT 40.7 s,
fibrinogen less than 60 mg/dL, and d-dimer greater
than 9.999 mg/dL. Serologies for viral hepatitis and
auto-immune liver disease were negative. Tumor
markers such as AFP, CA 19-9, and CEA were all within
normal limits.
Multiphase computerized tomography and magnetic
resonance imaging of the abdomen revealed discrete,
multifocal, and isodense masses in precontrast images
involving all segments of the liver, with the largest
measuring 6.5 cm (Figures 2 and 3). Peripheral
enhancement was seen in the arterial phase, but not
in portal and delayed phases. Of note, there was no
definite washout. These images did not demonstrate
features of commonly identified hepatic malignancies,
such as hepatocellular carcinoma and intrahepatic
cholangiocarcinoma. The patient subsequently underwent
liver needle biopsy.
The tissue demonstrated a mesenchymal tumor
infiltrating the sinusoids with anastomosing, dilated
vascular channels lined by atypical cells (Figure 4A).

INTRODUCTION
Hepatic angiosarcoma arises from vascular endothelial
[1]
cells within the liver . It is believed that in the past,
the malignant transformation of vascular endothelial
cells was mediated or triggered by environmental or
industrial toxins, such as vinyl chloride, arsenic, and
thorium dioxide, however despite tighter regulations
of these toxins, there is a still a constant number of
reports of angiosarcoma without any such association
The clinical entity of hepatic angiosarcoma has
been well known to have an extremely poor prognosis.
The disease presentation typically manifests as ab
dominal distension from large hepatic mass effect or
by its complication of tumor rupture into abdominal
cavity or intra-tumor bleeding. Subsequently, the
average lifespan after the diagnosis has been reported
[2]
to be 6 mo . To date, there is no definitive or effective
treatment that has been established. An attempt of
surgical resection or liver transplant does not provide
significant advantage in extending life as the tumor
[3]
recurs in nearly all cases reported . This resulted in
the median life expectancy of 16 and 5 mo in partial
[3,4]
hepatectomy and liver transplant, respectively . In
addition, there are no well-established chemotherapy
regimens and accordingly, this has been primarily utilized
[3]
as a palliative measure .
The unique clinical characteristic of angiosarcoma is
the pronounced dysregulation of the coagulation system
[5,6]
seen in a subset of patients . This is featured by
significant thrombocytopenia, prolonged prothrombin
time (PT), and activated partial thromboplastin (aPTT)
time with significant elevation of fibrin net degradation
products, such as d-dimer. These abnormalities are
congruent with the diagnostic criteria of disseminated
intravascular coagulation (DIC). However, the site and
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Figure 1 Ultrasonographic findings of hepatic angiosarcoma. A: Representative image of tumor detected by abdominal ultrasound (arrow). Note the increased
peripheral echogenicity and hypoechoic central appearance; B: Color doppler study of (A) demonstrates hypervascularity of the tumor. No arterial flow was detected
(image not shown).
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Figure 2 Multi-phase axial computerized tomography images of hepatic angiosarcoma. A: Precontrast image fails to visualize the tumor likely due to its
isodensity; B: Arterial phase demonstrates discrete, multifocal masses with peripheral enhancement (arrow); C and D: Portal venous and delayed phase images show
discrete masses without enhancement and without definite washout.

Immunohistochemical studies demonstrated tumor
cells strongly expressed CD34, suggesting a vascular
endothelial origin (Figure 4B). Of note, the uninvolved
region showed no evidence of chronic liver disease.
Based on these findings, the diagnosis of angiosarcoma
was made.

medical use. In addition, this patient had no history
of use of anabolic steroids or conditions that were
associated with the onset of angiosarcoma. Therefore,
the diagnosis of idiopathic hepatic angiosarcoma was
made. Consistent with other reports, this case also
manifested with significant coagulopathy which is a
unique feature of hepatic angiosarcoma. As described
in our case, the results of the blood tests fit well into
the diagnostic criteria of DIC.
Our histological investigation found increased
expression of von-Willebrand factor (vWF)/factor VIII
within the tumor cells, the formation of fibrin nets,
and platelet aggregation within the dilated sinusoids of

DISCUSSION
In this case report we described a case of hepatic
angiosarcoma in a young male with no evidence of
cirrhosis and no prior history of exposure to the afo
rementioned chemicals through his occupation or
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Figure 3 Multiphase axial magnetic resonance images of hepatic angiosarcoma. A: Precontrast image shows multiple mildly intense diffuse masses and
areas of increased density in center lesions (thick arrows); B: Arterial phase demonstrates multifocal masses with peripheral enhancement; C: Portal venous phase
illustrates multiple, discrete low intensity tumors; D: Delayed phase shows mild persistent enhancement of low intensity tumors (arrow) without definite washout.
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Figure 4 Histopathological findings of tumor needle biopsy suggest the presence of Kasabach-Merritt syndrome. A: Hematoxylin-eosin (H&E) staining of
tumor demonstrates dilated vascular channels lined by atypical endothelial cells with hyperchromatic, enlarged nuclei and reticular cytoplasm; B: Immunohistochemical
stain for vascular antigen CD34 showing diffuse infiltration of CD34+ cells throughout the sinusoids in the tumor (left of line) with focal aggregation. Uninvolved
region (right of line) shows normal liver sinusoidal endothelial cells (LSEC) that highlight the nondilated sinusoids along the cord of hepatocytes; C and D:
Immunohistochemical stain of von-Willebrand Factor (vWF)/Factor VIII shows increased expression within tumor cells (left of line) as compared to uninvolved region
(right of line). Extracellular aggregate positive for vWF/Factor VIII is seen within dilated sinusoid of angiosarcoma (arrow); E: Phophotungistic acid-hematoxylin stain
(PTAH) demonstrates fibrin nets within the tumor seen as extracellular fibrillary structures that stain blue (arrow); F: Periodic acid-Schiff (PAS) stain of the tumor
demonstrates glycogen granules within extracellular material of vascular channels, representing clumps of entrapped platelets (shown in rectangle). Note that positive
PAS staining of glycogen is also observed in native hepatocytes.
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INR, decreased fibrinogen, elevated d-dimer.

angiosarcoma (Figure 4C-F). Of importance, there was
no histological evidence of cirrhosis. These findings
strongly suggest hyper-activation of the coagulation
cascade as well as entrapment of platelets within the
tumor. Therefore, our histological findings are congruent
with the proposed concept of KMS.
There are 72 case reports of KMS to date. Of those,
43 cases were associated with hemangioma, 16 with
Kaposi hemangioendothelioma/tufted angioma, 8 with
angiosarcoma, 2 with lymphangioma, 2 with angio
lipoma, and 1 with Merkel cell carcinoma. These cases
demonstrated marked abnormalities in coagulation
and thrombocytopenia. However, none of these reports
provided histological validation of KMS and therefore it
remains indistinguishable from tumor-associated DIC.
Our histological investigation proposed the potential
mechanism of hyper-activation of the coagulation
cascade via up-regulation of vWF/Factor VIII within the
dilated sinusoid of the tumor. Moreover, we speculate
that the upregulated vWF/Factor VIII results in the
downstream formation of fibrin nets and subsequent
entrapment of platelets within the tumor. Our findings
highly suggest that this is the potential explanation
for the significant thrombocytopenia and deregulated
coagulation cascade. Thus, our report provides a con
ceptual advancement for the differentiation of tumorassociated DIC from the systemic manifestation of
coagulopathy occurring within the vascular tumor.
In conclusion, we report a case of idiopathic hepatic
angiosarcoma with features of KMS with clinical and
histological evidences.

Imaging diagnosis

Multiphase computerized tomography and magnetic resonance imaging
showed discrete, multifocal, and isodense masses involving all segments of
liver, largest measuring 6.5 cm.

Pathological diagnosis

Angiosarcoma with tumor cells strongly expressing CD34 with uninvolved
region showing no evidence of chronic liver disease.

Related reports

Kasabach-Merritt syndrome (KMS) has been reported before to occur in
association with some adult vascular tumors. However, none of these reports
provides histological validation of KMS and thus the disease entity remained
indistinguishable from tumor-associated DIC.

Term explanation

KMS is characterized by thrombocytopenia and hyperconsumption of
coagulation factors within a vascular tumor. KMS has been well described in
the pediatric population but rare in vascular tumors of the adult population.

Experiences and lessons

This entity can be confused for DIC due to similar abnormalities in coagulopathy.
However, by histological investigation KMS can be differentiated from DIC.

Peer-review

It is really the first time to describe a case of primary hepatic angiosarcoma with
the clinical and histological evidence of KMS.
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TO THE EDITOR
Liver cancer was estimated to be responsible for
almost 746000 deaths worldwide in 2012 (WHO),
with hepatocellular carcinoma (HCC) being the most
[1]
common type . Sorafenib, a multi-targeted tyrosine
kinase inhibitor (TKI), is the only approved first-line
[2,3]
systemic therapy for HCC . Recently regorafenib, a
similar multi-targeted TKI, was shown to benefit HCC
[4]
patients who tolerated and progressed on sorafenib .
It is still unclear which patient sub-populations may
benefit more from these drugs although interestingly,
development of dermatological adverse events and
AFP decrease during treatment may be associated with
[5,6]
improved outcomes on sorafenib .
Many efforts to develop new therapies for unselected
[7]
HCC populations have failed: in first-line, sunitinib ,
[8]
[9]
brivanib , linifanib when compared to sorafenib;
[10]
[11]
and erlotinib
and doxorubicin
in combination with
[12]
[13]
sorafenib; in second-line, brivanib , everolimus ,
[14]
[15]
ramucirumab , and ADI-PEG 20 . Studies looking
for alternative approaches for HCC, such as immuno
[16,17]
therapy, are ongoing
.
While for other solid tumors prognostic and pre
dictive molecular biomarkers are already used in
clinical practice, for HCC biomarker research has
[18-20]
not produced conclusive results
. The many
disappointing clinical trial failures due to excessive
toxicity, lack of efficacy, study design problems, or lack
of biological population enrichment, emphasize the
need to identify predictive molecular biomarkers for
selection of treatment in patients with HCC.
Circulating biomarker analyses from the sorafenib
approval study suggested that the angiogenesis
biomarkers angiopoietin-2 (Ang2) and vascular
endothelial growth factor (VEGF) were independent
prognostic factors, while none of the tested biomarkers
[21]
were predictive of sorafenib efficacy . On the contrary,
on the basis of positive efficacy and biomarker results
in tumor MMNG HOS transforming gene (MET)-High
[22,23]
patients in a randomized phase II study
, tivantinib
has been tested in two phase III studies selecting
only MET-High patients, one in western countries and
the other in Japan (NCT01755767, NCT02029157);
while the study in the western world has recently been
[24]
announced to be negative , results are still awaited for
the Japanese study. Recently, second-line ramucirumab
was shown to offer a significant survival benefit in a
pre-specified subgroup of patients with elevated alpha[14]
fetoprotein (AFP) and a confirmatory phase III clinical
trial is ongoing in this sub-population (NCT02435433).

Abstract
Tumor biopsies may help to reliably distinguish
hepatocellular carcinoma (HCC) from other tumors,
mostly cholangiocarcinoma as well as to identify the
patient populations who most benefit from target-driven
HCC treatments, in order to improve the success rate
of experimental therapies. Clarifying tumor biology may
also lead to identify biomarkers with prognostic role
and/or enabling to predict response or resistance to
therapies. Recently, clinical trials have more efficiently
included biomarker endpoints and increasingly collected
tumor tissue from enrolled patients. Due to their frail
status and sometimes fast-progressing disease, the
performance status of patients with HCC progressing
on first-line therapy can deteriorate quickly, preventing
their enrollment in clinical trials. However, the challenge
of identifying the proper patient at the proper time can
be overcome by periodic inter-department meetings
involving the key specialists taking care of HCC patients,
and solid networks between research centers and
referring institutions. An early planned biopsy would also
facilitate timely inclusion of patients in biology-driven
clinical trials. Ultimately, institution of multidisciplinary
teams can optimize treatment choice, biopsy timing,
and quick enrollment of patients in clinical trials, before
their performance status deteriorates.
Key words: Liver neoplasms; Biopsy; Biomarkers;
Clinical trial; Tumor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite the extensive research conducted in
the last two decades, still only two agents have shown
positive results in phase III clinical trials for advanced
hepatocellular carcinoma, and clinicians have no way
to predict which patient population will benefit more.
Biomarker research and well-run clinical trials require
biopsies and a multidisciplinary approach to manage
patients with hepatocellular carcinoma.
Rimassa L, Reig M, Abbadessa G, Peck-Radosavljevic M, Harris
W, Zagonel V, Pastorelli D, Rota Caremoli E, Porta C, Damjanov
N, Patel H, Daniele B, Lamar M, Schwartz B, Goldberg T,
Santoro A, Bruix J. Tumor biopsy and patient enrollment in
clinical trials for advanced hepatocellular carcinoma. World J
Gastroenterol 2017; 23(13): 2448-2452 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i13/2448.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i13.2448
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Challenges of enrolling patients into clinical trials for
second-line HCC

Most patients with advanced, unresectable HCC who are
eligible for clinical trials with systemic therapies have a
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relatively short life expectancy, with rapid progression of
disease, especially if they have progressed on sorafenib
[25,26]
and have distant metastases
. To optimize timely
and proper recommendations for the care of these
patients, their cases should be discussed periodically by
multidisciplinary teams including medical oncologists,
gastroenterologists/hepatologists, surgeons, inter
ventional radiologists, radiation oncologists, and
pathologists. Such meetings would ideally take place
weekly, or every two weeks: a longer delay of the proper
therapeutic decision may undermine the possibilities of
trial enrolment for patients.
Patients who are not followed in research centers
may find it challenging to seek further treatment
options, other than best supportive care, after failing
standard treatments. On the other hand, many
physicians have difficulties in identifying proper patients
for second line clinical trials. Set up of webpages listing
available clinical trials, and of inter-hospital networks to
prime referrals for research studies can provide a key
support to reduce the gap time for the comprehensive
evaluation of these patients and speed up recruitment.
Considering all this, with due exceptions, the best
hospitals to involve in clinical trials for second-line HCC
and to refer these patients to seem to be the larger
academic centers, where HCC care is jointly pursued
by at least oncologists and hepatologists.
Finally, study characteristics can make a difference
in enabling trial enrolment, and involvement of active
investigators from multiple relevant disciplines in the
early phases of the protocol design can be beneficial to
the scope.

it seems rationale to biopsy patients with the purpose
of including them in research studies. In the advanced
disease setting, the risks associated with biopsy
are minimal: seeding is rare and its consequences
are irrelevant given the dismal prognosis of these
patients, while bleeding is extremely rare especially
if biopsy is conducted at an expert center with appro
priate precautions particularly for superficial lesions.
Considering the above and the general worsening of
condition for many patients failing sorafenib, biopsies
need to be planned ahead of time and be performed
right at progression on sorafenib in order to be useful
for trial enrolment.
Adequacy of tumor samples is a practical problem
for clinical trials: shipment of not enough slides, or
slides not containing enough tumor, causes unnecessary
and significant delays to patient enrolment, particularly
for patients from referring centers.
A core needle biopsy may be preferred to fine needle
aspirates to provide quantitatively and qualitatively
adequate material for running biological analyses on
the sample. The procedure needs to take enough tumor
material for at least 7-10 slides, the minimum generally
needed for patient evaluation in clinical trial protocols.
Slides from paraffin-embedded samples need to be
unstained to allow immunohistochemistry testing. The
operator performing the biopsy needs to be informed
that the sample is being taken not only for diagnostic
but also for biological assessments, and the pathologist
needs to verify that all provided slides include sufficient
tumor quantities.
A number of targeted agents are being tested in
phase Ⅲ clinical trials in first- or second-line HCC:
nivolumab [first line, anti-programmed cell-death
protein 1 (PD1) antibody], tivantinib (second line,
MET inhibitor), cabozantinib (second line, VEGFMET inhibitor), ramucirumab (second line, anti-VEGF
antibody), and pembrolizumab (second line, antiPD1 antibody). While only tivantinib (in tumor METHigh patients) and ramucirumab (in circulating AFPHigh patients) are being tested in biomarker-selected
patient populations, other trials are collecting tumor
tissue for biomarker analyses as secondary study
endpoint, emphasizing the importance of tumor tissue
biopsies for patients to be enrolled in clinical trials.
In conclusion, since the approval of sorafenib in
first-line, while recent data demonstrated benefit
[31]
of lenvatinib (VEGFR inhibitor) in first-line
and
regorafenib in second-line setting, ten phase III
studies in HCC were negative including sunitinib,
linifanib, brivanib (first and second line), ramucirumab,
everolimus, ADI-PEG 20, erlotinib (in combination with
sorafenib), doxorubicin (in combination with sorafenib),
and tivantinib (in western patients). All these studies
were conducted in unselected patient populations,
except the tivantinib one.
If the research community was able to bring targeted
therapies to late stage development with solid preclinical

Importance of analyzing tumor biomarkers to guide
development of novel therapies

Analyzing HCC tumor specimens is essential to improve
the knowledge about development, biology under
pinning progression and treatment of HCC. Particularly,
clarifying the tumor biology may lead to identifying
biomarkers that would predict response or resistance to
therapies.
Hepatology guidelines recommend that the diagnosis
of HCC may be established via radiographic studies
[27]
in the appropriate patient population , therefore not
all patients with hepatic tumors have available biopsy
material allowing for molecular profiling of their disease,
at diagnosis. Furthermore, as tumors progress, they
accumulate genetic alterations developing heterogeneity
[28]
and drug resistance . Studies suggest that VEGF
pathway inhibition, as with sorafenib, produces a
hypoxic microenvironment with oxidative stress that
selects for highly aggressive, invasive tumor cells
driving overexpression of proliferation factors, HCC
progression, and induction of an immunosuppressive
[29,30]
microenvironment
. Therefore, if in the future any
molecular classifiers have an impact in clinical decision
making, routine biopsy will become part of the standard
of care. Considering the current treatment landscape,
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and clinical rationale to select patient populations based
on the drug target, success rate might increase and
adverse events would be avoided to patient populations
estimated not to benefit from the experimental drug.
Biological understanding of the treated population can
be relevant even in trials where the target expression is
not used as an entry criterion, providing key information
to design subsequent target-selected studies. The
historically low rates of biopsy confirmation of patients
with HCC has presented a barrier to development
of experimental therapeutics in this disease. With
such frail patient population, multidisciplinary case
discussions and inter-hospital networks can enable a
seamless transition from standard care to tumor biology
analysis for a clinical trial. Hopefully, as more targeted
therapies are developed, the biological characteristics of
tumors, including histology and more specific molecular
markers, will be evaluated in the therapeutic decision
process for HCC patients as currently occurs for other
tumor types.
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Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima

WJG|www.wjgnet.com

Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
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EDITORIAL

Noninvasive molecular analysis of Helicobacter pylori : Is it
time for tailored first-line therapy?
Enzo Ierardi, Floriana Giorgio, Andrea Iannone, Giuseppe Losurdo, Mariabeatrice Principi, Michele Barone,
Antonio Pisani, Alfredo Di Leo

Abstract

Enzo Ierardi, Floriana Giorgio, Andrea Iannone, Giuseppe
Losurdo, Mariabeatrice Principi, Michele Barone, Antonio
Pisani, Alfredo Di Leo, Gastroenterology Section, Department
of Emergency and Organ Transplantation, University of Bari,
70124 Bari, Italy

The main problem of Helicobacter pylori (H. pylori )
infection management is linked to antibiotic resistances.
This phenomenon has grown in the last decade,
inducing a dramatic decline in conventional regimen
effectiveness. The causes of resistance are point
mutations in bacterial DNA, which interfere with
antibiotic mechanism of action, especially clarithromycin
and levofloxacin. Therefore, international guidelines
have recently discouraged their use in areas with a
relevant resistance percentage, suggesting first-line
schedules with expected high eradication rates, i.e. ,
bismuth containing or non-bismuth quadruple therapies.
These regimens require the daily assumption of a large
number of tablets. Consequently, a complete adherence
is expected only in subjects who may be motivated
by the presence of major disorders. However, an
incomplete adherence to antibiotic therapies may lead
to resistance onset, since sub-inhibitory concentrations
could stimulate the selection of resistant mutants. Of
note, a recent meta-analysis suggests that susceptibi
lity tests may be more useful for the choice of first
than second-line or rescue treatment. Additionally,
susceptibility guided therapy has been demonstrated to
be highly effective and superior to empiric treatments
by both meta-analyses and recent clinical studies.
Conventional susceptibility test is represented by culture
and antibiogram. However, the method is not available
everywhere mainly for methodology-related factors and
fails to detect hetero-resistances. Polymerase chain
reaction (PCR)-based, culture-free techniques on gastric
biopsy samples are accurate in finding even minimal
traces of genotypic resistant strains and hetero-resistant
status by the identification of specific point mutations.
The need for an invasive endoscopic procedure has
been the most important limit to their spread. A
further step has, moreover, been the detection of point
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the results are controversial: the same pattern can
give exciting or disappointing results depending
[3]
on geographical areas ; and (4) although many
experts claim that there are no intractable but only
inadequately treated H. pylori strains, currently no
study in the world has displayed a 100% therapeutic
success rate, i.e., the ideal therapy does not still
[4]
exist .
It is undeniable that above listed problems are
[5]
related to the matter of antibiotic resistances . The
magnitude of the phenomenon has grown in the last
decade, thus both inducing a dramatic decline in the
effectiveness of conventional treatment regimens and
stimulating the exploration of the basis of antibiotic
failure. Resistances may be divided into: (1) primary:
present in subjects never treated for H. pylori; (2)
secondary: acquired after one or more treatment
schedules; and (3) hetero-resistance: coexistence
of both susceptible and resistant strains in the same
[6]
subject .
The causes of resistance are point mutations in
bacterial DNA, which interfere with the mechanism
of action of the different antibiotics. Clarithromycin,
used for a long period as the key-antibiotic in many
regimens, inhibits protein synthesis of the bacterium
[7]
by acting at 23S ribosome subunit . A dozen of
point mutations in this site have been described
worldwide. In Italy, the presence of six of them have
[8]
been observed . However, only three are responsible
[7]
of most resistances in developed countries .
Interestingly, the main 23S DNA changes inducing
clarithromycin resistance are dissimilar in Western
and Eastern countries. These concerns depict a
heterogeneous scenario of clarithromycin resistance
[3]
in the different geographic areas . On the other
hand, levofloxacin mechanism of action involves the
inhibition of gyrase enzyme with a consequent failure
[6]
of bacterial DNA synthesis . GyrA gene codifies for
gyrase enzyme. Five point mutations in this site,
able to induce resistance to this antibiotic, have been
[9]
observed .

mutations in bacterial DNA fecal samples. Few studies
on clarithromycin susceptibility have shown an overall
high sensitivity and specificity when compared with
culture or PCR on gastric biopsies. On these bases,
two commercial tests are now available although they
have shown some controversial findings. A novel PCR
method showed a full concordance between tissue and
stool results in a preliminary experience. In conclusion,
despite poor validation, there is increasing evidence
of a potential availability of noninvasive investigations
able to detect H. pylori resistances to antibiotics. These
kinds of analysis are currently at a very early phase
of development and caution should be paid about
their clinical application. Only further studies aimed to
evaluate their sensitivity and specificity will afford novel
data for solid considerations. Nevertheless, noninvasive
molecular tests may improve patient compliance, time/
cost of infection management and therapeutic outcome.
Moreover, the potential risk of a future increase of
resistance to quadruple regimens as a consequence
of their use on large scale and incomplete patient
adherence could be avoided.
Key words: Helicobacter pylori ; Antibiotic resistance;
Noninvasive molecular test; Tailored therapy; Stool
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The main problem of Helicobacter pylori (H.
pylori ) infection management is linked to antibiotic

resistances. They are due to point mutations in
bacterial DNA. Polymerase chain reaction-based,
culture-free techniques on gastric biopsy samples are
accurate in finding minimal traces of genotypic resistant
and hetero-resistant strains. The need for endoscopic
procedure is the most important limit to their spread.
Therefore, the further step has been the detection
of point mutations in bacterial DNA fecal samples.
There is increasing evidence of potential availability
of noninvasive investigations able to detect H. pylori
resistances to antibiotics, which may lead to tailored
first-line therapies.
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On these bases, key international guideline agencies
have recently discouraged the use of clarithromycin
and levofloxacin in areas with a resistance rate
higher than 15% in first and second-line regimens,
[10,11]
respectively
. Nevertheless, guidelines are
designed for the clinical practice within an empirical
setting, i.e., where susceptibility testing is unavailable,
epidemiological data are taken into account to allow
for the rational use of antibiotics. Therefore, suggested
first line schedules are those with an expected high
overall eradication rate, i.e., bismuth containing
quadruple therapy or non-bismuth concomitant
[10,11]
quadruple therapy
according to Maastricht V and
Toronto guidelines. However, the 2009 Asia-Pacific

INTRODUCTION
Recently, studies about Helicobacter pylori (H. pylori)
infection worldwide have shown some challenging
[1]
truths: (1) bacterium spreading is still ongoing ;
(2) for no other infection such a large number of
[2]
therapeutic regimens has been proposed ; (3)
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guidelines suggest 14-d triple therapy or bismuth
containing quadruple in first line, stating, moreover,
that sequential therapy is not supported by convincing
[12]
data in Asian countries . On the other hand, the
comparison of an old and outdated treatment vs a
more recent and successful one should not put forward
any doubt about the outcome.
A first observation which can be moved to this
strategy is that these regimens require the daily
assumption of a high number of tablets (14 and 8,
[13]
respectively) . An evident problem arising from
this issue is related to the compliance of patients. A
complete adherence is expected by subjects who may
be motivated by the presence of major conditions, such
as MALT lymphoma, family history of gastric cancer
or peptic ulcer, particularly when complicated with
episodes of bleeding, and the need for a concomitant
long-term assumption of nonsteroidal anti-inflammatory
[13]
drugs . On the other hand, H. pylori positive dyspeptic
or asymptomatic population probably may not be
driven by similar motivations, given that in most cases
the eradication of the bacterium is not accompanied by
[14]
a tangible clinical benefit . However, an incomplete
adherence to an antibiotic therapy may be an important
reason of resistance onset, since sub-inhibitory
concentrations in the vicinity of H. pylori could stimulate
[15]
the selection of resistant mutants .
Bismuth containing quadruple therapy encloses
the use of tetracycline, which, currently, shows very
low resistance percentages in Europe with a trend to
[3]
increase from West towards East (1%-5%) . However,
in Asia even tetracycline resistance rates of 19% are
[16]
reported . Therefore, an interesting question for the
future could be represented by the risk of an increase
of resistance to this antibiotic due to its use on a large
scale and the incomplete patient adherence to its
[17]
intake . On the other hand, metronidazole resistance
reaches high values worldwide especially in Asian
regions, where it is generally estimated not lower than
[3]
50% . No data regarding bismuth resistance has been
described at the best of our knowledge.
Concomitant therapy implies the use of three
conventional antibiotics with the evident aim to
overcome the resistance to each single drug by the
overall combined effect of the regimen. Presumably,
for this reason, concomitant schedule is suggested as
the treatment of choice, when compared to sequential
[18]
therapy .
A final point concerns the duration of suggested
first line therapies. Commercial kit of bismuth
containing quadruple therapy provides a pill number
necessary for a 10-d schedule and the same period
is the minimal time requested for concomitant re
gimen. Nevertheless, a prolongation to 14-d of both
[10,11]
treatments seems to improve their effectiveness
.

in 2010, suggested that first-line susceptibilityguided triple therapy achieved a significantly higher
H. pylori eradication than standard triple therapy.
A successive similar analysis by López-Góngora et
[20]
al
was performed in 2015 and included twelve
studies, clearly demonstrating that susceptibilityguided therapy was superior to empirical one.
However, the same study also revealed no significant
differences between second-line susceptibility-guided
and empirical therapies. Moreover, the low number
of studies and their high heterogeneity did not allow
drawing any conclusion for rescue treatments, despite
current guidelines recommend culture and antibiotic
susceptibility test after first and second-line regimen
failure. An interesting and original learning could
emerge from the data of this last meta-analysis, i.e.,
susceptibility tests may be more likely useful for the
choice of first than second-line or rescue treatment.
Two recent studies performed in 2016 in Poland and
China confirmed the excellent performance of tailored
therapy as first line approach. Indeed, a Polish trial
demonstrated that a culture guided triple therapy
in first line may achieve the 95.5% and 96.6% of
success rate, at per protocol and intention to treat
[21]
[22]
analysis, respectively . Additionally, Zhou et al
demonstrated that a susceptibility based treatment in
first line achieved a gain of about 10% in eradication
rate over empiric concomitant or triple plus bismuth
regimens.

INVASIVE SUSCEPTIBILITY TESTS
Conventional susceptibility test is represented by
culture and antibiogram (E-test) in H. pylori isolates.
Nevertheless, this investigation is recommended
by current guidelines only after repeated treatment
failures. The reasons hampering its widespread use are
mainly due to relatively high rate of false negatives,
[23]
often showing a low sensitivity . Moreover, the method
is not available everywhere mainly for methodologyrelated factors (number of gastric biopsies/timeconsuming endoscopic procedures, conditions/interval
of biopsy sample transport, laboratory characteristics
and time needed for the result of the investigation). Of
note, a failure of E-test in hetero-resistance detection
[24]
has been observed .
On these bases, in the last years, different
polymerase chain reaction (PCR)-based approaches
have been developed as alternative tools to bacterium
culture. These techniques allow assessing, on gastric
biopsy samples, point mutations responsible for
[25]
antibiotic resistance . PCR-based, culture-free
techniques are accurate in finding even minimal traces
of genotypic resistant strains as well as in detecting
[26]
hetero-resistant status . In detail, in our experience
a post-hoc subgroup study, enrolling 146 H. pylori
positive patients and comparing real time (RT)-PCR
(genotypic) and E-test on bacterial culture (phenotypic)
for clarithromycin resistance analysis, showed an

TAILORED THERAPY
A meta-analysis by Wenzhen et al
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carried out
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for clarithromycin resistance compared to culture.
On these bases two commercial tests are now
available. A first noninvasive investigation using stool
polymerase chain reaction (H pylori ClariRes assay,
Ingenetix, Vienna, Austria) analyzed the A2142G
[38]
mutation for clarithromycin resistance . However, the
presence of the other two major mutations responsible
for the resistance to this antibiotic in developed
countries (A2143G and A2142C) was not shown
directly, but only hypothesized on the basis of some
RT-PCR cycle temperature parameters. Successively,
another molecular commercial test was developed, i.e.,
the Genotype HelicoDR assay (Hain Lifescience GmbH,
Nehren, Germany), which allows for the detection
of molecular H. pylori resistances to clarithromycin
[39,40]
and fluoroquinolones
. It identifies both the most
common point mutations (A2146C, A2146G and
A2147G) for clarithromycin resistance and gyrA gene
mutations located at positions 87 (N87K) and 91
(D91N, D91G, D91Y) for fluoroquinolone one. This
investigation has been used in tissue samples and only
[41]
recently applied to stool H. pylori DNA . However, a
low concordance between stool and biopsy samples for
clarithromycin and fluoroquinolone resistance detection
was found.
At the same time of HelicoDR assay use on stool
samples, we preliminarily experienced a novel RT-PCR
method (THD Fecal Test, Italy) in order to investigate
clarithromycin resistance mutations in bacterial stool
[42]
DNA . The procedure showed a full concordance
between tissue and stool results in 52 consecutive
patients at the first diagnosis of infection. We found
A2143G mutation in 10 (19.2%), A2142G in 4 (7.7%)
and A2142C in 5 (9.6%) patients with an overall
clarithromycin resistance rate of 23%. Of interest, a
preliminary experience “in vitro” demonstrated that
the presence of fecal material (300 mg) increased the
amount of colony forming units (CFU)/mL required
to obtain a positive result of the detection of bacterial
DNA. In detail, a clear positivity was reached by a
concentration of 1.5 × 10 CFU/mL of pure bacteria and
3
1.5 × 10 of stool-mixed organisms. At the moment,
a double-blinded study involving an adequate patient
sample size is ongoing with the purpose to establish
sensitivity, specificity, positive and negative predictive
values of this noninvasive technique.

Table 1 Antibiotic susceptibility (clarithromycin): studies on
Helicobacter pylori stool DNA by real time polymerase chain
reaction
Ref.

Reference
standard

Scaletsky et al[32]
Vécsei et al[38]
Noguchi et al[33]
Rimbara et al[34]
1
Booka et al[35]
SchabereiterGurtner et al[36]
Fontana et al[37]
1

Sensitivity Specificity Clarithromycin
resistance

PCR on
gastric biopsy
Culture
Culture
Culture
Culture
Culture

83.3%

100.0%

26.7%

89.2%
NA
96.6%
NA
98.0%

100.0%
NA
91.3%
NA
98.0%

45.1%
20.4%
13.3%
31.0%
24.4%

Culture

100.0%

100.0%

1.6%

1

Pediatric population. NA: Not assessed.

overall prevalence of clarithromycin phenotypic
resistance significantly lower than genotypic one. A
concordance of 71.2% between the two methods was
found. This value of concordance may be due to three
main factors: the relative low sensitivity of phenotypic
investigation, its lack of hetero-resistance detection
and the possibility that E-test may identify resistant
strains with point mutations different from that tested
by RT-PCR in the study.
Molecular tests have been reported as promising
[26,27]
approaches for resistance detection
even if they
are not used in the clinical practice. The need for an
invasive endoscopic procedure has been the most
important limit to their spread. Therefore, many
attempts have been performed in order to overcome
this drawback.

NONINVASIVE MOLECULAR TESTS
Since 1996, our group demonstrated the possibility
[28]
of H. pylori DNA isolation from stool samples .
Successively, other evidences confirmed this diag
[29-31]
nostic chance
. A further step was undoubtedly
represented by the detection of point mutations
conferring antibiotic resistance in bacterial DNA fecal
samples. Table 1 reports the main studies on antibiotic
susceptibility (clarithromycin) performed on H. pylori
[32-38]
stool DNA by RT-PCR
. For each study, diagnostic
accuracy parameter and reference standard are
reported. An overall high sensitivity and specificity has
been observed when fecal molecular tests have been
compared with culture and RT-PCR on gastric biopsies.
This kind of investigation is of particular interest in the
pediatric population for the need of limiting the use of
[35,38]
invasive procedures. In detail, two studies
have
[35]
been performed in children. Booka et al
found a
91% of diagnostic accuracy in reference to H. pylori
antigen stool and a 31% prevalence of clarithromycin
resistance in Japanese children. A similar result was
[38]
obtained by Vécsei et al
in Austria with a diagnostic
accuracy of 90.2% for bacterium detection compared
to rapid urease test and histology as well as of 94%
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CONCLUSION
Despite the lack of a validation, there is increasing
evidence of a potential future availability of noninvasive
investigations able to detect H. pylori resistances to
antibiotics, such as clarithromycin and quinolones,
which have been commonly used until now. These
techniques, when performed before a first-line the
rapy, could allow ascertaining a subgroup of strains
still sensitive to these drugs and, therefore, patients
benefiting from old regimens, whose administration
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has been at the moment discouraged by current
guidelines. However, non invasive molecular test
are currently at a very early phase of development;
therefore cautions should be paid when discussing
about their possible clinical applications. Only further
studies aimed to evaluate sensitivity and specificity
of molecular tests will afford novel data to make
more solid considerations. Indeed, a noninvasive
susceptibility test may achieve some potential
advantages, thus improving patient compliance,
time/cost of infection management and therapeutic
outcome. Finally, the potential risk of a future increase
of resistance to quadruple regimens, suggested in firstline by guidelines, as a consequence of their use on a
large scale and incomplete patient adherence could be
[16]
avoided .
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REVIEW

Pathogenesis and clinical spectrum of primary sclerosing
cholangitis
Neelam G Gidwaney, Swati Pawa, Kiron M Das
of the biliary tract, which has been documented in
the literature since 1867. This disease has a strong
predilection for affecting men and can be seen in
individuals as young as 2 years of age. PSC has a
strong associated with inflammatory bowel disease,
more commonly with ulcerative colitis, and is also part
of the clinical spectrum of IgG4-related diseases. Smallduct PSC, a variant of PSC, also has an association with
inflammatory bowel disease. The exact pathogenesis of
PSC is not well understood at present, however, is likely
a combination of a genetic predisposition with alteration
of the molecular structure of the gut. Abnormal serum
liver chemistry and presence of certain autoimmune
markers are usually the first indicators leading to a
diagnosis of PCS, however, these may often be normal
in early stages of this disease. The diagnosis is made
by cholangiography, which is now considered the gold
standard. PSC is a known pre-malignant condition.
Such patients have an increased risk of developing
cholangiocarcinoma, gallbladder neoplasia, and colon
cancer. Many new treatment modalities have emerged
in the recent past, including anti-tumor necrosis factorα and anti-integrins; however, liver transplantation is
the only known cure for PSC. Despite past and present
research, PSC remains an enigmatic biliary disease with
few viable treatment options.
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Core tip: Primary sclerosing cholangitis (PSC) is a
fascinating disease with numerous and overlapping
theorized pathogenetic models. An autoimmune etiology
is in part due to its association with inflammatory bowel
disease and autoimmune hepatitis, and inclusion within
the IgG4 spectrum of diseases. Though PSC has been

Abstract
Primary sclerosing cholangitis (PSC) is a disease
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be higher than the aforementioned estimates both
nationally and internationally because cholangiography
may not be widely available in many parts of the world
and patients with PSC may have normal levels of
[18]
serum alkaline phosphatase (ALP) .
PSC can present itself at any age. The youngest
individual documented to have PSC was under 2 years
[19]
old . UC is a major risk factor for the development of
PSC, with approximately 60%-80% of patients having
[10,11]
the PSC-UC phenotype
. However, only 4% of
[10,11]
patients with UC have concomitant PSC
.

documented in the literature for more than a century,
only sparse details exist regarding its true pathogenetics
and even less about successful medical therapy. More
rigorous research is needed to truly understand and
treat this disease entity.
Gidwaney NG, Pawa S, Das KM. Pathogenesis and clinical
spectrum of primary sclerosing cholangitis. World J Gastroenterol
2017; 23(14): 2459-2469 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i14/2459.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2459

PATHOGENESIS
The pathogenic mechanisms of PSC remain incom
pletely understood. Much like other autoimmune
diseases, it has been theorized that the development
of PSC is more likely to occur in a genetically
susceptible individual after exposure to a trigger.
PSC is the result of a complex immune-mediated
response rather than a true autoimmune disease as
it does not present with classic autoimmune features:
female predominance, pathogenic autoantibodies, and
[20]
response to immunosuppressive medications .
There is a 100-fold increased risk of developing
PSC among siblings, however, the specific pattern of
[21,22]
inheritance is much more complex
.
Numerous studies have attempted to identify
specific genes, which either predispose or protect an
individual from the development of PSC. Many loci
within the major histocompatibility complex have
[23-25]
been linked to increased risk of PSC
. These are
several class II HLA haplotypes including DRB1*0301DRB3*0101-DQA1*0501-DQB1*0201, DRB1*1301DRB3*0101-DQA1*0103-DQB1*0603, DRB1*1501DRB5*0101-DQA1*0102- DQB1*0602, DRB1*0101[26-32]
DQA1*0101, and B*0801
.
HLA haplotypes associated with decreased risk
of disease are DRB1*0401-DRB4*0103-DQA1*03DQB1*0302, DRB1*0701-DQA1*0201-DQB1*0303,
DRB4*0202-DRB1*1101-DQA1*0501-DQB1*0301,
[29,31,32]
and MICA*002
.
Due to the association of IBD with PSC, a
[33]
“leaky gut” hypothesis has also been postulated .
Translocation of gastrointestinal (GI) flora from an
inflamed GI tract to the portal venous system causes
a systemic inflammatory response, which may disrupt
[34,35]
the tight junctions in biliary epithelial cells
. This
alteration exposes cholangiocytes to bile acids that
[36]
could promote injury and inflammation .
Immune activation to an antigen (or a cross-reactive
autoantigen or an enteric microbiome) also leads to
[37]
inflammation of the gut and of the biliary tree . Tolllike receptor and nucleotide oligomerization domainlike receptors assist in the detection of pathogens,
which results in the secretion of pro-inflammatory
[38]
cytokines . Tumor necrosis factor (TNF)-α, trans
forming growth factor β1, interleukin (IL)-1β, and IL-6,
along with involvement of CD8+ and CD4+ T cells

INTRODUCTION
Primary sclerosing cholangitis (PSC) is a cholestatic
liver and biliary tract disease associated with chronic
inflammation of the biliary epithelium that cannot
be attributed to another cause. This inflammatory
process results in multifocal intra- and/or extrahepatic
biliary strictures and fibrosis eventually leading
[1,2]
to biliary cirrhosis and malignancy
. PSC often
goes undiagnosed since approximately 40%-50%
[3-5]
of patients with this disease are asymptomatic
.
Fatigue, fever, jaundice, pruritus, and vague upper
abdominal discomfort are the most commonly des
[3,6]
cribed symptoms at the time of diagnosis .
PSC has a strong association with inflammatory
[7-9]
bowel disease (IBD)
with approximately 60%-80%
of patients with PSC having coexisting ulcerative colitis
[10,11]
(UC)
.
PSC is a challenging condition whose pathoge
nesis continues to remain elusive despite extensive
st
research of this disease in the 21 century. The only
know cure for PSC is liver transplantation (LT) and
symptomatic management with ursodeoxycholic acid
and immunosuppressive agents.
Here we present a comprehensive review of the
pathogenesis and clinical spectrum of PSC.

EPIDEMIOLOGY
[12]

PSC was first described in 1867 by Hoffman . The
incidence of PSC greatly varies from country to country
but is increasing over time as evidenced by populationbased studies from the United States, United Kingdom,
[13]
and Northern Europe . This variability may be related
to human leukocyte antigen (HLA)-susceptibility
among different ethnic groups and also varying
frequency of IBD among populations across the
[14]
world . The incidence rate of PSC in the United States
ranges from 0 to 0.92 per 100000 inhabitants per
year, with no PSC patients being identified in Alaska
[4,15,16]
between 1984 and 2000
. The prevalence of PSC
in the United States is reported to be 13.6 per 100000
[4]
inhabitants . Norway has the highest incidence rate
at 1.31 per 100000 inhabitants and a prevalence of
[17]
8.5 per 100000 . The true prevalence of PSC may
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have been proposed to cause myofibroblast activation
[38,39]
and fibrosis
. IL-2 has also been proposed as a
key player in the regulation and programming of the
immune system. IL-2 receptor α gene deficiency in mice
[40]
causes biliary inflammation resembling PSC . Integrin
ligands, intracellular adhesions molecule 1, and vascular
cell adhesion molecule 1 are also expressed by the
biliary epithelium and contribute to the recruitment of
inflammatory leukocytes that play a role in development
[41]
of biliary inflammation seen in PSC . Gut-specific T
and B cells can be programmed to perpetuate biliary
inflammation after encountering an enteric pathogen,
providing an important rationale of how liver and gut
[42]
inflammation may be linked .
A critical driver of disease development may be
an altered biliary mucosal milieu, giving rise to biliary
[43]
colonization of non-commensal bacteria . Reduced
biliary Proteobacteria and increased firmicutes due to
a non-functional galactoside 2-α-L-fucosyltransferase
2 (FUT-2) enzyme appears to alter the commensal
[44]
bacteria in the biliary tree .
The pathogenesis of PSC is likely the result of an
amalgamation of a heightened immune response to a
pathogen in a host with both an altered biliary mucosal
milieu and a genetic predisposition to PSC.

and anti P-40 autoantibody can also be detected in
approximately 30%-80% of patients with PSC and
[51,52]
UC
.
Proteinase-3 antineutrophil cytoplasmic antibody
(PR3-ANCA) has been studied extensively for disease
[53,54]
severity in patients with UC
. More recently, when
measured using chemiluminescence immunoassay,
PR3-ANCA was seen in 38.5% of patients with
PSC compared to only 10.6% of patients with liver
disease suggesting it is a better biomarker for the
[55]
diagnosis of PSC . Numerous other autoantibodies
have been detected in patients with PSC, including
anticardiolipin antibodies, thyroperoxidase, and
[49]
rheumatoid factor . These autoantibodies, however,
are not routinely assessed for the diagnosis of PSC,
as they may not be present in patients with PSC, and
furthermore do not correlate with disease severity or
disease prognosis.

Imaging

Cholangiography is considered the gold standard for
the diagnosis of PSC. Historically, endoscopic retrograde
cholangiopancreatography (ERCP) was the initial
diagnostic procedure of choice, however, magnetic
resonance cholangiopancreatography (MRCP) has
become the preferred method of diagnosis of PSC in
the past decade due to comparable specificity (> 90%)
and sensitivity (80%-90%), associated lower cost,
[56-58]
less invasive testing, and fewer complications
.
The characteristic features include multifocal annular
stricturing within intrahepatic and/or extrahepatic
bile ducts, with alternating normal or slightly dilated
segments of bile ducts (Figure 1), giving rise to the
[59]
typical beads-on-a-string appearance . Diffuse
involvement of the hepatobiliary system may be seen,
including stricturing of the gallbladder, cystic duct
and pancreatic duct, however, approximately 25%
[59]
of patients have isolated intrahepatic involvement .
Although MRCP is recommended as the initial imaging
modality for the diagnosis of PSC, ERCP may be
necessary in patients with a non-diagnostic MRCP or
those who require therapeutic intervention for bile duct
strictures.

DIAGNOSIS OF PSC
Signs and symptoms

Approximately 40%-50% of patients with PSC have
[3-5]
no symptoms at initial presentation . Among the
symptomatic patients, fatigue, fever, jaundice, pruritus,
and vague upper abdominal discomfort are most
[3,6]
commonly described . A sudden onset of jaundice,
however, should prompt the clinician to inquire about
an obstructive biliary process. As approximately
60%-70% of patients with PSC have coexisting UC, GI
bleeding may also be seen in these patients.

Serologic markers

The hallmark of PSC is an elevation of alkaline
phosphatase (ALP). ALP may vary throughout the
course of disease and may also be normal in patients
[45]
with PSC . Improvement of serum ALP during
the disease is a predictor of better outcomes and
[46]
prolonged transplant-free survival . Serum alanine
(ALT) and aspartate (AST) aminotransferase levels
may also be elevated to 2- to 3-fold above the upper
[10,47]
limit of normal
. Serum bilirubin is usually normal
at time of diagnosis of PSC, however, may be elevated
in patients with advanced disease, malignancy, or
[47,48]
superimposed choledocholithiasis
.
Detectable autoantibodies are found in as many
[49]
as 97% of patients with PSC . The most commonly
noted autoantibodies are anti-smooth muscle
antibodies (ASMA) and antinuclear antibodies (ANA),
[50]
which can be seen in up to 75% of patients .
Perinuclear antineutrophil cytoplasmic antibody
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Histologic features

A liver biopsy is rarely needed to confirm a diagnosis
of PSC if characteristic cholangiographic findings are
seen. Additional reasons why liver biopsies are not
routinely obtained is the pathognomonic periductal
fibrosis or “onion skinning” is not a common histologic
[60]
finding in PSC . Patients may have non-specific
histologic findings and findings may be patchy and
include more than one histological stage in at a given
[61]
time indicating high sample variability .
When determining the stage of fibrosis, newer
surrogate markers of cirrhosis including FibroSure
(LabCorp) and transient ultrasound elastography
(Echosens) have limited the need for a liver biopsy.
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A

abnormal levels of serum globulins, and the presence
of typical autoantibodies which ultimately provides
the clinician with either a “definite” or a “probable”
diagnosis of AIH based on the modified scoring system
[72-74]
of AIH
. ANA and ASMA are typically seen in type 1
AIH whereas liver/ kidney microsomal type 1 antibody
and liver cytosol type 1 antibody are observed in type
[75]
2 AIH . Histologic lesions typically present in AIH are
periportal lymphocytic or lymphoplasmacytic infiltration
[75]
(interface hepatitis) with hepatocyte swelling . In
case of fulminant presentation, massive necrosis may
[75]
also be present . Treatment is largely based on
immunosuppressive therapy with corticosteroids and
azathioprine.
Many similarities exist between PSC and AIH,
including the autoimmune serology, histologic
findings, and the disease response to treatment
with immunosuppressive agents. The International
Autoimmune Hepatitis Group scoring system can help
in the making a diagnosis of AIH, however, it is not
recommended in making a diagnosis of AIH-PSC
[72]
overlap syndrome . In 2001, a cohort of 55 patients
[67]
was evaluated to assess this overlap syndrome .
Approximately 50% of these patients had bile duct
changes diagnostic of sclerosing cholangitis (SC)
at the time of presentation and all but one of these
patients would have been diagnosed with AIH type
1. Several other studies have also assessed this
[19,76]
overall phenomenon in similar populations
. It is
possible that the juvenile form of SC may represent
an early stage of PSC in patients with concomitant AIH
and progression to PSC is delayed with early use of
immunosuppressive therapy.

B

Figure 1 Imaging and endoscopy demonstrating primary sclerosing
cholangitis. A: MRCP of a patient with PSC demonstrating intrahepatic
stricturing with alternating normal and dilated segments of bile ducts; B: ERCP
of a patient with PSC with similar findings. (Reproduced from Radiology
Assistant. Levy AD, Chief of Gastrointestinal Radiology, Department of
Radiologic Pathology, Armed Forces Institute of Pathology, Washington,
D.C, United States). PSC: Primary sclerosing cholangitis; MRCP: Magnetic
resonance cholangiopancreatography; ERCP: Endoscopic retrograde
cholangiopancreatography.

VARIANT PSC SYNDROME
Small-duct PSC

Individuals with biochemical markers and histologic
features suggestive of PSC with normal cholangiography
[62]
are considered to have small-duct PSC . Smallduct PSC represents a small proportion of patients
[63]
with PSC and may even be an earlier stage of PSC .
This subgroup of PSC has been less studied than the
classic large-duct PSC. Several studies suggest better
prognosis in individuals with small-duct PSC, however,
available data on this population is limited due to lack
[50,63,64]
of long-term follow up
. A recent study with
one of the longest follow-up of patients with smallduct PSC suggested that approximately a fourth of
patients’ progress to classic PSC in an average of 8
[65]
years . Furthermore, individuals with small-duct PSC
may progress to end-stage liver disease even without
developing large duct disease and cholangiocarcinoma
does not seem to occur in patients with small-duct
disease in the absence of progression to large-duct
[65]
PSC .
Lastly, the association of small-duct PSC appears to
[8,66]
be stronger with Crohn’s colitis than with UC
.

IgG4-related Sclerosing cholangitis

A common manifestation of IgG4-related diseases
(IgG4-RD) is IgG4-sclerosing cholangitis (ISC).
Type 1 autoimmune pancreatitis (AIP) is the leading
manifestation of IgG4-RD, affecting approximately
60% of patients with IgG4-RD, followed by sialadenitis
affecting 34% of patients, followed by tubulointerstitial
nephritis (23%), dacryoadenitis (23%), and periaortitis
[77]
(20%) . ISC is seen in approximately 20%-88% of
[77-79]
patients with IgG4-RD
. Individuals with ISC are
[80]
commonly diagnosed with concomitant AIP . Similar
to PSC and unlike classic autoimmune disease, ISC is
more commonly seen in males with a male-to-female
[77]
ratio of 4:1 .
Analogous to PSC, patients typically present with
vague abdominal pain. Individuals may also present
[79,81]
with obstructive jaundice with concurrent AIP
.
An elevated serum level of IgG4 is the most
sensitive and specific method of diagnosing ISC,
however, elevated levels of IgG4 may be seen in appro
ximately 10% of patients with PSC, in approximately
15% of those with cholangiocarcinoma, and also
in approximately 7% of patients who may have
[82-84]
other ailments
. Several additional serologic

Overlap syndrome (autoimmune hepatitis-PSC)

An overlap syndrome of PSC with autoimmune
hepatitis (AIH) is more often diagnosed in younger
[67,68]
adults, adolescents and in children
. Patients who
exhibit features of both hepatocellular and cholestatic
disease with the presence of ANA antibodies, the
presence or absence of ASMA antibodies, and/or
histological changes in the absence of AMA antibodies
are considered to have autoimmune sclerosing
[69-71]
cholangitis
.
The diagnosis of AIH is based on the presence of
characteristic clinical, laboratory and histologic findings,
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[99]

abnormalities may be seen in patients with ISC
including elevated levels of IgG (approximately 60%),
ANA positivity (approximately 40%), rheumatoid
factor (approximately 20%), and IgE elevation
[85-87]
(approximately 30%)
.
Cholangiography may reveal multifocal biliary
strictures, thickened bile duct wall and gallbladder wall
[88]
thickening without vascular invasion .
Histologically, ISC demonstrates transmural fibroinflammation with both fibrosis and inflammation
evenly distributed from the mucosal surface to sub
[89]
serosa . Immunostaining of the biopsy sample for
IgG4 demonstrates diffuse infiltration of IgG4-positive
plasma cells.
An approach for the diagnosis of ISC is the HISTORt
criteria, which includes features on histology, imaging,
serology, other organ involvement, and response to
treatment with corticosteroids, and was initially utilized
for the diagnosis of AIP and has been extended to
[78,90]
include additional IgG4-related biliary diseases
.
As the diagnostic algorithm suggests, rapid disease
remission is achieved with immunosuppression using
[91]
high-dose steroids . Relapse of ISC can be seen in
30%-50% of patients and affected individuals may
require re-induction of remission with additional high[91,92]
dose steroids
.
Long-term outcomes of patients with ISC are
inconclusive and it remains unclear whether patients
progress to end-stage liver disease or go on to develop
cholangiocarcinoma.

isolated UC, respectively . Moreover, colorectal
cancer (CRC) and dysplasia are most often located
[95,96,98]
in the right colon
, which are associated with a
worse prognosis when compared with left-sided colon
[100]
cancer . Annual or biennial surveillance colonoscopy
is recommended in patients with PSC-IBD from the
[101]
time of PSC diagnosis .

Cholangiocarcinoma

The most important risk is that of cholangiocarcinoma,
which is several hundred times higher in patients
[102]
with PSC than in patients without this disease
.
Cholangiocarcinoma occurs in 1%-2% of patients
annually following a diagnosis of PSC and is frequently
detected within the first 1-3 years after the initial
[103,104]
diagnosis
.
Diagnosing cholangiocarcinoma in patients with
PSC poses a tremendous challenge, as distinguishing
between a benign dominant stricture from ductal
cholangiocarcinoma requires the use of serologic,
imaging, and ERCP over time. There are no designated
risk stratification criteria, however, a commonly
used approach involves annual MRCP or ultrasound
examinations in conjunction with serum carbohydrate
[10]
antigen 19-9 (CA19-9) . If an individual is noted to
have increasing serum levels of CA19-9, dominant
strictures on imaging, and/or deterioration in either
clinical status or liver test results, further assessment
[105]
is made with an ERCP . It is important to note that
some individuals may not produce CA19-9 due to
genetic reasons thus disease surveillance with this
[106]
serologic test will not prove beneficial .
Routine brush cytology evaluation detects
[10]
cholangiocarcinoma with low sensitivity (40%)
and
near 100% specificity. Fluorescent in situ hybridization
is used in conjunction with brush cytology specimens
to apply a probe to subpopulations of cells with
chromosome amplifications to assess for aneusomy.
Individuals with the presence of a dominant stricture
and polysomy [5 or more cells which have gained 2 or
more chromosomes (3, 7, 17, and band 9p21)] are
eventually diagnosed with cholangiocarcinoma with
[107]
88% specificity . Cholangioscopy allows direct biliary
visualization and directed biopsies of the dominant
stricture and has been reported to have increased
[108]
sensitivity and specificity to > 90% . It is also being
used to interrogate indeterminate strictures in an effort
to enhance detection of cholangiocarcinoma. Confocal
laser microscopy has not been studied in dominant
strictures in PSC despite a high reported sensitivity
and moderate specificity for indeterminate strictures
[109]
in general
. Intraductal ultrasound may also offer
improved diagnostic yield but is not widely adopted
since its initial report for diagnosis of indeterminate
[110]
strictures .

PSC AND ASSOCIATED CONDITIONS
IBD and colorectal neoplasia

As previously mentioned, PSC has a strong association
[7-9]
with IBD
with approximately 60%-70% of
patients with PSC having coexisting UC, which
often precedes the diagnosis of PSC or is diagnosed
[10,11]
concomitantly
. Thus patients with PSC should
undergo colonoscopic evaluation with biopsies despite
[10]
the absence of typical symptoms . If an initial
evaluation does not reveal IBD, a repeat colonoscopy
should be performed every 5 years to either confirm or
[93]
exclude IBD .
Patients with IBD in the setting of PSC are
considered to have a different phenotype (PSCUC), which predicts a milder clinical course of the
[9,94-96]
disease
. There also appears to be a rightsided predominance of diseased colonic mucosa,
inflammation observed in the ileum and milder
[97,98]
histologic inflammation in patients with PSC-IBD
.
Due to the association of multiple malignancies
with PSC, this disease entity should be considered a
premalignant condition.
Patients with PSC-IBD have a significantly increased
risk of developing colorectal malignancy compared to
[99]
those with UC alone . The cumulative CRC risk after
10 years of disease is 9% and 2%, which increases
to 21%-30% and 5% in patients with PSC-IBD and
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Gallbladder neoplasia

Concurrent abnormalities such as gallstone disease and
PSC involving the gallbladder or cystic duct are seen
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[111]

in approximately 41% of patients with PSC
. This
population is also at an increased risk of developing
gallbladder neoplasia, although the exact prevalence
[112]
is unknown
. Although the malignant potential of
[113]
gallbladder polyps smaller than 8 mm is small
,
the 2010 American Association for the Study of Liver
Diseases (AASLD) guidelines recommend annual ultra
sound and cholecystectomy if lesions are detected,
[10]
regardless of the size . Despite annual surveillance
for gallbladder polyps, there is a lack of consensus
regarding the malignancy potential of small polyps and
surgical intervention in patients with advanced liver
disease poses its own set of risks. It is important for
the clinician to weigh the risks vs benefits of routine
surveillance and surgical intervention.

gut-specific monoclonal antibody that selectively targets
against α4β7 heterodimer resulting in improvement
[125]
in gut histology and mucosal T-cell infiltration
. It
was approved by the Food and Drug Administration for
induction and maintenance therapy for moderate to
[126,127]
severe UC and Crohn’s disease in 2014
. Its use
in patients with PSC-IBD is theorized to take effect by
the presence of gut adhesion molecules and the enterohepatic expression in PSC, however, the clinical utility
of vedolizumab in PSC-IBD patients remains under
[37,128]
investigation
.

Management of biliary strictures

Patients with worsening symptoms over the disease
course require investigation to exclude the presence of
an extrahepatic dominant biliary stricture. A dominant
stricture is defined as an area of stenosis ≤ 1.5 mm
in the common bile duct or ≤ 1 mm in the common
hepatic duct and is present in approximately 50% of
[10,129]
PSC patients
.
Dominant strictures are treated by either dilation
alone or with dilation and placement of temporary
[130]
plastic biliary stents during the ERCP
. It is
important to note that PSC patients undergoing
ERCP should be provided with prophylactic antibiotics
[131]
to prevent possible cholangitis
. The duration of
endoscopic therapy is variable and can range from 6
weeks to 12 mo before strictures resolve. ERCP with
repeated stenting may be required in some patients
[130]
who are refractory to dilation
. Due to the risk of
cholangiocarcinoma masquerading as a dominant
stricture, brush cytology and/or biopsy samples should
[132]
be obtained during the endoscopic procedure
.
The utility of ERCP is solely for the exclusion of
cholangiocarcinoma and to provide therapy for
dominant biliary strictures and does not modify the
[130]
progression of the disease .

TREATMENT OF PSC
Medical management

Historically, ursodeoxycholic acid (UDCA) has been
used for the symptomatic improvement in cholestatic
pruritus, which can be a debilitating consequence of
PSC, and to improve abnormal liver chemistries. High
dose UDCA (28-30 mg/kg per day) has been shown to
increase the risk of colonic neoplasia in patients with
[114]
PSC-IBD
. Additionally, there is a lack of definitive
evidence that the use of moderate dose UDCA (15-20
mg/kg per day) improves survival in PSC patients or
is efficacious in the prevention of colorectal cancer in
[115,116]
those with PSC-IBD or biliary neoplasia
. Although
the current AASLD guidelines recommend against
the routine use of UDCA in patients with PSC, clinical
[10]
practice varies between centers .
Azathioprine and steroids are recommended for
use in patients with AIH as well as those with AIH[10]
PSC overlap syndrome . However, the use of
immunosuppressive therapy (azathioprine, cyclosporine,
tacrolimus, and methotrexate) and anti-TNF agent,
infliximab, failed to demonstrate sustained improvement
in abnormal liver chemistries and prevention of
progression to end-stage liver disease in patients with
[117-120]
PSC
.
As newer investigations shine light on the link
between biliary inflammation, bile acid homeostasis,
and the gut microbiota, there is increasing interest in
pharmacologic treatment of PSC with antimicrobial
agents. The use of non-absorbable antibiotics, such
as vancomycin, demonstrated improvement in liver
[121]
chemistries in a small subset of patients
. An
improvement in liver biochemistries was also observed
with use of absorbable antimicrobials including
[122-124]
metronidazole, azithromycin, and minocycline
.
More data points are necessary to provide the clinician
with definitive and accurate treatment options for PSC.
Novel treatment strategies, including the use of
biologic therapy against lymphocytic trafficking in
the pathogenesis of PSC, are being investigated.
Vedolizumab (Millennium Pharmaceuticals, Takeda) is a
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Liver transplantation

Due to the lack of durable pharmacologic and endo
scopic therapy, liver transplantation (LT) remains
the sole curative option in patients with progressive
disease. PSC is the fifth most frequent indication for LT
[133]
in the United States . Intractable pruritus, recurrent
bacterial cholangitis, and perihilar cholangiocarcinoma
are additional indications for LT in PSC patients.
Post-transplant acute rejection can be seen within
the first 30 d of transplantation, but usually resolves
with systemic corticosteroids and does not appear to
[134]
alter graft survival .
In patients with cholangiocarcinoma, LT in con
junction with neoadjuvant chemotherapy and radiation
[135,136]
should be considered
.
Patients with PSC-IBD may develop worsening
disease post LT and approximately 14%-30% of
patients with PSC may go on to develop de novo
[10]
IBD up to 10 years post LT . Patients should be
monitored with serial serum ALP measurements post
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LT as increasing levels indicate recurrence of disease.
Recurrent PSC, despite LT, is seen in 30%-50% of
[137]
patients within 10 years of transplantation . To date,
no medical therapy has been identified to halt the
progression or recurrence of disease.
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CONCLUSION
PSC is a fascinating and largely elusive entity within
the realm of hepatobiliary diseases. This is a chronic
cholestatic liver disease, which has a tremendous
impact on survival of those who are affected. Over
time, many treatment modalities have been evaluated,
however only LT is a known therapeutic option in
these patients. Although newer drugs continue to
be investigated for the treatment of PSC, effective
treatment options remain limited. Future research
in genomic-based therapies will hopefully allow for
alteration of the natural course of this disease.
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Abstract
Management of biliary tract cancer remains challenging.
Tumors show high recurrence rates and therapeutic
resistance, leading to dismal prognosis and short
survival. The cancer stem cell model states that a
tumor is a heterogeneous conglomerate of cells, in
which a certain subpopulation of cells - the cancer
stem cells - possesses stem cell properties. Cancer
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cells. Further similarities between tumor-initiating cells
and normal adult stem cells include the reliance on
certain highly conserved embryonic pathways (such
as Hedgehog (Hh), Nanog and Wnt), a specialized
metabolism (preferential oxidative glycolysis), enhanced
protection against DNA damage and oxidative stress,
a specific epigenetic profile (e.g., abnormal polycomb
repressive complexes activity, see below) as well as
the expression of specific surface markers (reviewed
[2]
in ). The specific abilities and profiles of CSC may
at least in part explain some of the common clinical
problems seen when dealing with cancer. CSCs are
slow-cycling cells that often are in a quiescent state.
Common chemotherapeutics target proliferating, fast
cycling cells, thereby erasing the bulk of the tumor
while not affecting CSCs - a phenomenon resulting in
tumor recurrence. Moreover, CSCs strongly express
drug efflux pumps, contributing to the well-known
[2-5]
chemoresistance of these cells .
Currently, two main models are discussed regarding
[6]
the origin of CSCs . In the “stochastic model”, each
cancer cell is biologically equivalent and unpredictably
may acquire a CSC phenotype depending on diverse
stochastic events from inside the cells (via genetic and
epigenetic changes) as well as from the surrounding
environment. The second model called “hierarchic
model” states that a tumor is, like solid organs, a
hierarchically organized heterogeneous cell conglomerate
in which only a small subset of cells - the CSC - have the
ability to self-renew and to give rise to daughter cells of
various differentiation, whereas the majority of cancer
cells that form the bulk of the tumor cannot achieve CSC
traits. Besides these two main models, a third possible
origin of CSC is currently discussed in the literature,
namely de-differentiation of already committed cells a phenomenon that was observed in different tumor
entities and that is likely to play a role in biliary tract
[7-10]
cancer (BTC) as discussed later in this article
.

stem cells have high clinical relevance due to their
potential contributions to development, progression and
aggressiveness as well as recurrence and metastasis of
malignant tumors. Consequently, reliable identification
of as well as pharmacological intervention with cancer
stem cells is an intensively investigated and promising
research field. The involvement of cancer stem cells
in biliary tract cancer is likely as a number of studies
demonstrated their existence and the obvious clinical
relevance of several established cancer stem cell
markers in biliary tract cancer models and tissues. In
the present article, we review and discuss the currently
available literature addressing the role of putative
cancer stem cells in biliary tract cancer as well as the
connection between known contributors of biliary tract
tumorigenesis such as oncogenic signaling pathways,
micro-RNAs and the tumor microenvironment with
cancer stem cells.
Key words: Biliary tract cancer; cancer stem cells;
Cancer stem cell markers; Tumor microenvironment;
Micro-RNAs
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using a xenograft model, researchers suc
cessfully demonstrated that as few as ten of a specific
subpopulation of biliary tract cancer cells had the
potency to (serially) establish and recapitulate biliary
tract cancer in immunodeficient mice. Furthermore,
expression of established cancer stem cell markers,
cancer stem cell-related signaling pathways and microRNAs was reported in biliary specimens and cell lines in most cases associated with clinical outcome. Based
on these results, the existence of cancer stem cells in
biliary tract is well-founded and potentially harbors new
options for development of therapeutic strategies.
Mayr C, Ocker M, Ritter M, Pichler M, Neureiter D, Kiesslich
T. Biliary tract cancer stem cells - translational options and
challenges. World J Gastroenterol 2017; 23(14): 2470-2482
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i14/2470.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i14.2470

EXPERIMENTAL IDENTIFICATION AND
CHARACTERIZATION OF CANCER STEM
CELLS
Identification and/or isolation of CSC based on
their expression profile (surface markers, signaling
pathways) as well as their functional characteristics
represent powerful tools in cancer research. The ability
of CSCs to form tumors in immunodeficient mice at
very low cell numbers surrogates their high tumorigenic
[2]
potential . Besides in vivo xenograft experiments, also
several in vitro techniques are used in CSC research.
The clonogenic assay similarly addresses the higher
tumorigenic potential of CSC. Here, very few cells
2
(approximate range between 50-200 cells per cm highly cell line-dependent) are seeded in a cell culture
receptacle and the tumorigenic potential is evaluated
by counting the number of growing colonies, each of
them originating from a single cell clone representing

INTRODUCTION
General aspects of cancer stem cells
[1]

In 1994, Lapidot et al identified a subpopulation
of cells, characterized by a specific set of surface
markers that was able to initiate acute myeloid
leukemia in mice. Since then, numerous of such
tumor-initiating cells were identified in most solid
[2]
tumors . These tumor-initiating cells, also referred to
as cancer stem cells (TICs or CSCs) have the ability
to self-renew as well as to differentiate into different
lineages - traits that they share with (adult) stem
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[11]

a potential CSC . Anchorage-independent growth,
i.e., the formation of tumor spheres in a non-adherent
environment, is another well-established experimen
[12]
tal approach used in CSC research . Likewise,
expression of aldehyde-dehydrogenase 1 (ALDH1) is
[13]
considered as a functional CSC marker . ALDH1 is a
detoxifying enzyme that was shown to be up-regulated
in cancer and associated with various CSC traits such
as enhanced tumor growth and the potential of self[13-16]
renewal and differentiation
. Moreover, the socalled side-population phenotype may signify a CSC
population. Side-population cells are defined by their
ability to excrete fluorescent dyes such as Hoechst
33342 - this characteristic is based on the enhanced
[17,18]
expression of efflux pumps in (cancer) stem cells
.
Lastly, potential CSCs are identified and isolated based
on their surface markers using fluorescence-activated
cell sorting or by analysis of expression of established
(cancer) stem cell genes.

represent the origin of BTC CSC (summarized in
[22]
Figure 1) . Mature hepatocytes have the ability to
de-differentiate into more pluripotent cells through
mechanisms of cell plasticity and reprogramming,
[23]
thereby acting as a population with stem cell traits .
IHC is categorized as a primary liver tumor and shows
characteristics of both hepatocellular carcinoma
and cholangiocarcinoma, suggesting a potential link
[24,25]
regarding the cell of origin
. Evidence for mature
hepatocytes being the source and quasi-CSC for IHC
comes from two studies that showed that mature
hepatocytes are able to transdifferentiate and form
[9,10]
IHC
. In another study, it was shown that loss of
tumor suppressor p53 contributes to dedifferentiation
of hepatocytes into progenitor cells that can transform
[26]
into IHC . This is especially interesting, since loss of
[27]
p53 is a major genetic characteristic of BTC . Cells
residing in the Canals of Hering, a hepatic stem cell
niche, are another possible source of BTC-initiating
[28]
cells . Because the Canals of Hering represent the
interface between the liver and the biliary system,
residing stem cell populations may be (1) hepatic
progenitor cells; (2) biliary progenitor cells; or (3)
bi-potential progenitor cells, called hepatoblasts
in humans and “oval cells” in rodents which have
the ability to differentiate into hepatocytes and
[25,29-31]
cholangiocytes
. There is evidence that IHC
can originate from hepatic stem cells. Expression
of α-fetoprotein (AFP), a protein expressed by
fetal hepatocytes and hepatic progenitor cells, was
[32-34]
demonstrated in IHC
. In addition, AFP expression
was shown in BTC cell lines and these AFP-expressing
[35]
BTC cells had characteristics of stem cells . Of note,
IHC subtypes that were identified to have a hepatic
stem-like gene signature had very poor prognosis,
underlining not only the connection between hepatic
stem cells and IHC, but also the clinical relevance
[36]
and consequences . The peribiliary glands were
also described as a source of biliary stem cells as
they are involved in normal biliary tissue turnover
[37,38]
and repair
. BTC often occurs under (chronic)
inflammatory conditions and it was shown that during
primary sclerosing cholangitis, a chronic inflammation
of the bile ducts, biliary tree stem cells are activated in
[39]
the peribiliary glands . It can be speculated that due
to the chronic inflammation and concomitant constant
activation of these normally quiescent stem cells,
under these tumor-promoting conditions these cells
become exposed to an environment that potentially
causes malignant transformation - which is especially
relevant taking into account the intrinsic longevity
of these cells allowing for accumulation of malignant
events which eventually may lead to a tumorigenic
CSC phenotype. Moreover, p63, which is a homologue
of p53 and also a stem cell marker of prostate gland
and squamous cells was aberrantly expressed in
[40-42]
IHC arisen from cirrhotic liver
, underlining the
connection between (chronic) inflammation and CSC
in BTC.

BILIARY TRACT CANCER - CLINICAL
BACKGROUND
BTC is a heterogeneous malignancy that arises from
different locations within the biliary tree. It can be
categorized into intrahepatic cholangiocarcinoma
(IHC), extrahepatic cholangiocarcinoma (EHC),
gallbladder cancer (GBC) and mixed hepatocellularcholangiocarcinoma (HCC-CC). Although BTC is
generally a rare disease, it has high clinical significance
due to its dismal outcome and limited therapeutic
[19,20]
options
. Due to late diagnosis, for most patients
only palliative treatment is possible; furthermore,
the standard chemotherapeutic approach using a
combination of cisplatin and gemcitabine results in
[21]
median survival of approximately one year only .
Therefore, advances in understanding the underlying
mechanisms of BTC development, progression and
aggressiveness are of utmost importance for better
management of this disease. BTC is characterized by
high recurrence rates, formation of metastasis and
high therapeutic resistance towards conventional
[19,20]
chemotherapy regimens
. The involvement of
CSC subpopulations in BTC is likely, however, the
current literature is sparse. In this article, we discuss
current studies on the role and impact of CSCs in BTC.
Specifically, we focus on potential CSC markers and
signaling pathways in BTC and the clinical consequences
of their expression as well as on giving an overview
of other aspects of BTC tumorigenesis such as miR
expression and tumor microenvironment that can be
linked to BTC CSCs.

POTENTIAL ORIGINS OF BILIARY TRACT
CANCER CELLS WITH STEM CELL-LIKE
CHARACTER
Several hepatic cell types have been suggested to

WJG|www.wjgnet.com

2472

April 14, 2017|Volume 23|Issue 14|

Mayr C et al . Biliary tract cancer stem cells
their potential to form spheres over several passages,
indicating self-renewal potential. Furthermore, when
injected into immunodeficient mice, as few as ten
of these cells were able to generate tumors and
this high tumorigenic ability was retained when re[43]
transplanted . Gene expression analysis of these
potential BTC CSCs revealed up-regulation of a number
of genes including genes responsible for self-renewal
and pluripotency (e.g., SOX2, BMI1, NOTCH1), drug
resistance (e.g., ABCG2), surface markers (e.g.,
[43]
CD24, CD44, EpCAM) and metastasis
that are also
expressed in regular stem cell populations. Another
[44]
study by Wang et al
further supports the existence
of CSCs in BTC: they demonstrated in xenograft
experiments that the subpopulation of CD24+/CD44+/
high
EpCAM
cells harbor high tumorigenic potential
low
compared to the CD24-/CD44-/EpCAM counterparts.
Furthermore, they showed via serial in vivo passaging,
that the expression profile of CD24/CD44/EpCAM
remained stable comparable with the primary tumor.
In addition, tumors resulting from injection of CD24+/
high
CD44+/EpCAM
cells contained both, CD24+/
high
CD44+/EpCAM
as well as phenotypically different
cell populations, demonstrating the ability of CD24+/
high
CD44+/EpCAM
to self-renew and to produce
[44]
heterogeneous daughter cell populations .
Expression of several of these established surface
and general CSC markers was identified in BTC
specimens and cells. As shown in Table 1, expression
of these markers was generally associated with
disadvantageous clinico-pathological characteristics
and shorter disease-free and overall survival.
In addition, several in vitro studies investigated
downstream targets and processes that are directly
connected with the expression of these CSC markers in
BTC. Resistance to anti-tumor treatments is a hallmark
of cancer and CSCs and caused by up-regulation of
[4]
genes responsible for drug efflux and DNA repair .
Nakashima and colleagues demonstrated an increase
of proportion of CD24+/CD44+ cells in gemcitabineresistant BTC cells and showed that genes of the
BRCA/Fanconi repair pathway was over-expressed
here, thus connecting the observed chemoresistance
[45]
in these CSCs with a particular repair pathway .
Expression of the drug efflux pump ABCG2 is another
mechanism of cells to gain therapeutic resistance and
[46]
also an established CSC marker . In BTC, ABCG2
was shown to be over-expressed in BTC tumor spheres
and in CD44+/CD133+ cells, making it a candidate
for pharmacological intervention in putative BTC
[43,47,48]
CSCs
.
Chemokine receptor 4 (CXCR4) plays an important
role in repair and regeneration of tissue in adults and
was also identified as a surface marker of (cancer)
[49]
stem cells . Using a comprehensive gene analysis
[50]
array, Leelawat et al
compared the expression
profile of CD24+ and CD24- BTC cells and found
enhanced expression of CXCR4 in the CD24+

Putative origin of BTC cancer stem cells
Hepatoblasts
Hepatic stem cells
Hepatic progenitor cells

Hepato/cholangiocytes
Cells in canals of Hering
Cells in peribiliary glands

(epi-)genetic
changes

Inflammation

trans- and
dedifferentiation

BTC cancer stem cell(s)
Surface
Markers:
↑ CD24
↑ CD44
↑ CD133
↑ CXCR4
↑ EpCAM

Deregulated
Pathways:
↑ Hh
↑ JAK/STAT
↑ mTOR
↑ NOTCH
↑ Wnt

Aberrant expression in
clinical BTC samples

Functional
Markers:
↑ ALDH1
↑ BMI1
↑ NANOG
↑ NESTIN
↑ OCT3/4
↑ SALL4
↑ SOX2

MicroRNAs:
↓ let-7c
↓ 99a
↓ 125b
↑ 21

CSC markers, pathways
and microRNAs

Clinical outcome of biliary tract cancer patients
↓ Survival
↓ Differentiation
↑ Metastasis

↑ Tumor grade
↑ Resistance
↑ Recurrence

Figure 1 Cancer stem cells in biliary tract cancer. Biliary tract cancer stem
cells are thought to originate from various subpopulations of healthy cells that
harbor stem cell or stem cell-like traits. Currently available data on clinical biliary
tract cancer (BTC) specimens revealed up-regulation of established cancer
stem cells (CSC) cell surface and functional markers as well as aberrant activity
of signaling pathways and micro-RNA species. Expression of CSC markers and
stemness factors in BTC tissues is associated with diverse unfavorable clinicopathological features and poor prognosis. See text for details.

In general, these studies suggest that there may
not be one BTC CSC population but rather several
different CSC populations, which in turn mirrors the
heterogeneity of BTC and makes targeted and per
sonalized (CSC-based) therapy very challenging and a
demanding aim in the future.

CANCER STEM CELL MARKERS
IN BILIARY TRACT CANCER - AN
OVERVIEW
Limiting dilution cell transplantation assay in
immunodeficient mice is a method to determine
tumorigenic potential of cancer cells. CSCs, by their
nature, harbor high tumorigenic potential, meaning
that only few of these cells are able to form a
[43]
heterogeneous tumor. Raggi et al
isolated BTC
cells with sphere formation potential from parental
BTC cells and demonstrated that these cells retained
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Table 1 Surface and functional cancer stem cell markers in biliary tract cancer and their clinical consequences
Marker

Tissue

Surface stem cell markers
CD24
CC, IHC
CD44
CC, EHC, IHC, peri-hilar CC, HCC-CC
CD133
CC
CXCR4
GBC, IHC
EpCAM
IHC
Functional stem cell markers
ALDH1
EHC, IHC, perihilar CC
BMI1
EHC, HCC-CC, IHC, perihilar CC
NANOG
EHC, IHC, perihilar CC
NESTIN
EHC, IHC, perihilar CC
OCT3/4
GBC, CC
SALL4
IHC
SOX2
EHC, IHC, perihilar CC

M

R

S

↑
↑

↑

↓
↓
↓
↓
↓

↑

↑

TS

Comment

↓differentiation, ↑recurrence
↑
↑

↑vascular invasion

↓
↑in tumor specimens

↑
↑
↑

↓
↓
↓

↑
↑

↑tumor size
↑vascular and nerve invasion

Ref
[68-70]
[28,71-75]
[28,63,71]
[52,76]
[28,77]
[58,78]
[71,79,80]

[63,81]
[82]
[71,74]

CC: Cholangiocarcinoma; EHC: Extrahepatic cholangiocarcinoma; GBC: Gallbladder cancer; HCC-CC: Combined hepatocellular-cholangiocarcinoma; IHC:
Intrahepatic cholangiocarcinoma; M: Metastasis; R: Therapeutic resistance; S: Survival; TS: Tumor stage.

subpopulation. Drug-based inhibition of CXCR4 using
AMD3100 suppressed migration and invasion of
BTC cells, and this effect was only observable in the
[50]
CD24+ CSC subpopulation . Interestingly, AMD3100
treatment also reduced sphere formation potential of
BTC cells in another study, further connecting CXCR4
[51]
expression with stem cell characteristics . RNA
interference-mediated knockdown of CXCR4 in an IHC
model inhibited proliferation and colony formation in
[52]
vitro as well as tumorigenicity in vivo .
[53]
Cardinale et al
demonstrated in xenograft
experiments that CD13+/CD90+ BTC spheroids
were highly tumorigenic. Interestingly, these two
surface molecules are established CSC markers that
also play a role in liver cancer, further confirming
that hepatocellular carcinoma and BTC may share a
[54-57]
common origin or CSC subpopulation
.
As mentioned above, CSC can also be identified via
[13]
functional characteristics such as ALDH1 expression .
[58]
Using a BTC cell model, Shuang et al
demonstrated
that, in contrast to ALDH- cells, ALDH+ cells were able
to form tumor spheres. In addition, epithelial markers
were reduced in ALDH+ cells, whereas mesenchymal
markers were strongly expressed - connecting this
cell population to epithelial-to-mesenchymal transition
(EMT), a process that is closely related to CSC as
[58,59]
discussed later in this article
.
It is well established that deregulated epigenetic
events play a huge role in transformation of cells
towards a malignant phenotype. The polycomb
repressive complexes (PRC) 1 and 2 are multiprotein epigenetic regulators which are known to be
aberrantly active in cancer and essential for CSC to
[60]
maintain their stemness character . Several studies
indicate a pivotal role of PRC1 and 2 in development
[61]
and progression of BTC (as reviewed in ). BMI1,
which was shown to be expressed in BTC patient
samples (Table 1), is a core component of the PRC1
and recently it was demonstrated in BTC cells,
that pharmacological inhibition of BMI1 resulted in
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reduction of ALDH+ cells and diminished formation
[62]
of tumor spheres . Moreover, in another study,
BMI1 was found to be significantly higher expressed
in BTC cells positive for CD133 and OCT3/4, further
[63]
suggesting BMI1 as a CSC marker in BTC .
Regarding the pluripotency markers NANOG,
[64]
OCT3/4 and SOX2 , only few studies investigated
their expression and associated outcomes in clinical
BTC samples. However, several in vitro and in vivo
studies suggest a pivotal role of these pluripotency
markers in BTC CSC. In CD133+ spheres derived from
GBC cells, OCT4 and NANOG were highly expressed
and these cells also showed higher resistance to
[65]
chemotherapeutics . In line with these findings, two
other studies found that in tumor spheres derived from
BTC cells, stem cell markers such as CD133, NANOG,
[53,66]
SOX2, SALL4 and OCT4 were up-regulated
. In
addition, these spheres over-expressed ABCG2 and
were resistant to cisplatin and additionally displayed
high tumorigenic potential when injected into nude
[66]
mice . More evidence for SOX2 being a potentially
relevant factor in BTC cells with stem cell character
was presented in another study where the authors
showed that artificially over-expression of SOX2
enhanced proliferative capacity, apoptosis resistance
[67]
and migration and invasion potential .

RELEVANCE OF STEMNESS PATHWAYS
IN BILIARY TRACT CANCER STEM CELLS
Several signaling pathways are involved in generation
and maintenance of CSCs, including the embryonic
signaling cascades NOTCH, Wnt and Hh as well as the
interleukin-6 (IL-6)-JAK/STAT cascade and the mTOR
[5,83,84]
pathway (for detailed pathway descriptions see
).
Of note, these embryonic signaling pathways are also
[85]
involved in basic cholangiocyte differentiation .
Several studies found deregulation of these
signaling pathways in BTC specimens and corres
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Table 2 Overly active pathways associated with cancer stem cell-like phenotype in biliary tract cancer specimens
Pathway
Hh

JAK / STAT
mTOR
NOTCH

Wnt

Component

Tissue

Outcome

Ref.

GLI1
SHH
SMO
STAT3
mTOR
pmTOR1
NOTCH 1
NOTCH 2
NOTCH 3
NOTCH 4
HES-1
β-catenin

GBC
CC, GBC
GBC
CC, IHC
BTC
GBC
EHC
EHC
EHC
EHC
EHC
CC

↑ lymph node metastasis
↑ grade (by trend)

[92,100]
[92,100,101]
[92]
[102,103]
[104]
[105]
[86,87]
[86]
[86,87]
[86]
[86]
[91]2

↑ tumor size, ↑ metastasis, ↑ vascular invasion, ↓ survival, poor histological differentiation
↓ survival
↓ survival
poor histological differentiation, ↓ survival, ↑ tumor grade, ↑ Cyclin E
↓ survival
↓ survival, ↑ tumor grade, ↑ Cyclin E
↓ survival
↑ metastasis

1

Phosphorylated mTor; 2In this study, no non-tumor control samples were used as control. CC: Cholangiocarcinoma; EHC: Extrahepatic cholangiocarcinoma;
GBC: Gallbladder cancer; IHC: Intrahepatic cholangiocarcinoma.

ponding poor clinical outcome parameters (Table 2
and Figure 1). In addition to these findings, in depth
experimental approaches as well as experiments on
pharmacological intervention of these pathways have
shed more light on their roles in putative CSC in BTC.
Treatment of cells with the NOTCH pathway inhibitor
γ-secretase inhibitor (GSI) IX significantly decreased
the CD24+/CD44+ subpopulation in a BTC cell line
[86]
model . Moreover, single treatment with gemcitabine
increased the amount of CD24+/CD44+ BTC cells,
whereas combined treatment with gemcitabine and
[86]
GSI IX mitigated this effect . In an interesting study
[87]
by Zender et al
long-term artificial over-expression
of Notch Intracellular Domain (NICD) 1 - an integral
factor of the NOTCH signaling cascade - in mouse
livers resulted in a cell population that, when injected
into immunodeficient mice, was able to form BTC
with features of hepatic progenitor cells. This not
only demonstrates the involvement of the NOTCH
signaling pathway in CSC, but also suggests a role of
hepatic progenitor cells in the development of BTC.
In the same regard, Ishii and coworkers published
that NICD1 was expressed exclusively in BTC cells
with CSC characteristics. Furthermore, treatment
with GSI DAPT decreased the number of potential
[35]
BTC CSCs . Combined drug-based Hh and mTOR
inhibition reduced viability and proliferation of BTC
[88]
cells in vitro . Intriguingly, combined treatment also
reduced the number of ALDH+ cells as well as the
expression of pluripotency factors NANOG and OCT4.
Additional in vivo experiments also revealed diminished
tumorigenic potential of the treated cells, indicating
concerted action of the Hh and mTOR pathway in
creation and /or maintenance of a CSC phenotype in
[88]
BTC . Constitutively β-catenin expression (mimicking
active Wnt pathway) promoted self-renewal of hepatic
progenitor cells and injection of these cells generated
[89]
tumors with characteristics of HCC-CC .
Cellular plasticity of differentiation is discussed
[90]
as a characteristic of CSC in BTC . A phenomenon
tightly connected to cellular plasticity and therefore
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to a CSC phenotype is the ability of cells to detach
from the primary tumor and to gain access to the
lymphatic and/or vascular system, i.e., the cells
become invasive. In order to do so, these invasive
and potentially stem cell-like cancer cells have to
carve through the surrounding extracellular matrix.
Matrix metallopeptidases (MMP) are enzymes that are
centrally involved in the breakdown of the extracellular
matrix. Active Wnt pathway was shown to directly
up-regulate MMP expression in BTC cells, giving BTC
[91]
cells the ability to gain invasive capabilities . More
evidence that the Wnt pathway influences the CSC
phenotype in BTC comes from Zhao and coworkers:
knockdown of the BTC CSC marker CXCR4 (Table 1)
[52]
also caused inhibition of the Wnt pathway . Direct
causality of these events was proven by providing
the ligand CXCL12, which resulted in activation the
Wnt pathway and the respective downstream targets
[52]
including CD44 .
Artificial activation of Hh pathway (via up-regulation
of the ligand SHH) enhanced invasiveness of GBC cells
and this effect was reversible via shRNA-mediated
[92]
or drug-based (cyclopamine) intervention . Further
experiments showed that regulation of MMP expression
via the Hh pathway was a potential underlying
[92]
molecular mechanism of this observation . In the
same study, Hh pathway activation was associated
with enhanced colony formation and this effect was
reversed by RNA interference-mediated Hh pathway
blockage. Finally, GBC cells with active Hh signaling
harbored greater tumor-generating capability in vivo,
underlining the importance of this pathway in BTC for
[92]
several aspects connected with CSC characteristics .
BTC often develops under inflammatory conditions
and in this regard, diverse cytokines such as IL-6
are involved. It was shown that under chronic
inflammatory conditions, neoplastic cholangiocytes
are able to produce and secrete IL-6 in an autocrine
loop, resulting in proliferation and induction of
DNA damaging molecules such as reactive oxygen
[24]
species and nitric oxide . The JAK/STAT signaling
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cascade is one of the downstream pathways that is
activated via inflammation-related cytokines in BTC
[93,94]
development
. In an interesting study using GBC
[95]
cells, Kong et al
isolated side-population cells and
compared the functional and molecular characteristics
of these potential CSCs with the non-side-population
cells. They found enhanced expression of IL-6 and
activated (i.e., phosphorylated) STAT3 in the sidepopulation cells. Intriguingly, these cells harbored
multiple CSC traits: enhanced tumor sphere and
colony formation potential, chemoresistance, the
ability to generate both, side-population and non-sidepopulation cells and, finally, high tumorigenic potential
[95]
in vivo . Drug-based inhibition of STAT3 reduced
growth and migration/wound healing potential of BTC
[94]
cells . Moreover, treatment of cells with the natural
compound luteolin suppressed the activation of the
IL-6-induced JAK/STAT3 cascade in BTC cells which
resulted in diminished migration, wound healing and
[96]
colony formation potential .
mTOR inhibition was directly connected to loss of
CSC characteristics in BTC cell lines: treatment with
rapamycin decreased migration, invasion as well as
[97]
sphere formation potential . Similar results were
[98,99]
presented by two other studies in GBC cells
. Of
note, activated mTOR pathway was found in highly
[99]
proliferative and metastatic GBC cells .

and CSC in BTC is limited as of today, the overlap
between described deregulated miRs in BTC and
the role of these miRs in CSC of other tumor types
strongly suggests a role of these miRs also in CSC
of BTC. For example, miR200b is down-regulated
[110]
in BTC samples, resulting in shorter survival
. In
lung adenocarcinoma, reduced miR200b expression
was shown to be a marker of CSC and, interestingly,
restoration of miR200b expression resulted in loss of
[111]
CSC maintenance and chemoresistance
. MiR145
is another miR species that was found to be downregulated in BTC specimens and associated with
[112]
poor survival
. Likewise, in lung adenocarcinoma
tissues, miR145 was found to be down-regulated and
[113]
negatively correlated with expression of OCT4
.
Moreover, forced expression of miR145 in lung cancer
initiating cells markedly reduced CSC features in vitro
[113]
and in vivo . In prostate cancer, miR34a was downregulated in the CD44+ CSC subpopulation and the
down-regulation of this miR species was also measured
in BTC samples and correlated with advanced clinical
[114,115]
stage, lymph node metastasis and poor survival
.

BRIEF OUTLOOK ON BILIARY TRACT
CANCER STEM CELLS AND TUMOR
MICROENVIRONMENT
CSCs are thought to reside in specific environments
called stem cell niches. The CSC niche consists of
various cell types and structures including immune
cells, mesenchymal (stem) cells, fibroblasts, vascular
network, soluble factors and extracellular matrix
components and has the function to preserve the
exclusive features of CSC as well as to protect them
[116]
from therapeutic intervention
. By creating a
suitable tumor microenvironment (TME), the CSC
niche plays an outstanding role in development and
progression of cancer, essentially supporting tumor
growth in multiple aspects. On the other hand, CSCs
also support their TME for example by inducing the
[116]
expression of survival genes
. Data regarding CSC
niches and TME in BTC are very limited, however,
the TME likely contributes to angiogenesis, invasion,
metastasis, therapeutic resistance, maintenance of
[117]
CSC niche and survival of CSC also in BTC
. In
[43]
an interesting study, Raggi et al
demonstrated
the importance of the interaction between BTC cells
and macrophages for tumor development. Medium
gathered from BTC cells with CSC characteristics
(spheres) activated CD14+ macrophages and shifted
their phenotype towards CD163+ so-called tumorassociated macrophages (TAM) which harbored high
invasive capacity accompanied by expression of the
matrix-remodeling gene MMP2. In the same study,
CD163+ macrophages were found at the tumor front
in BTC samples, suggesting the importance of these
immune cells in progression of BTC. Moreover, the
levels of TAMs were associated with poor prognosis of

MIRNAS AND THEIR ROLE IN
REGULATION OF BILIARY TRACT
CANCER STEM CELL CHARACTERISTICS
Micro-RNAs (miRs) are non-coding RNAs that regulate
gene expression by binding and degradation of
[106]
target mRNAs
. As recently reviewed, aberrant
miR expression is involved in different aspects of
[107]
BTC development and progression
. However, up
to now, only few studies associated deregulated miR
expression with CSC characteristics in BTC. The miRs
let-7c/99a and 125b originate from the same gene
cluster and were shown to be down-regulated in CC
patient material, de-facto being tumor suppressor
[108]
miRs
. Interestingly, expression of these miRs was
reduced in tumor spheres derived from BTC cells and
in addition, enforced expression of let-7c/99a and
125b reduced the expression of CD133 and CD44
in BTC cells as well as the potential to form tumor
[108]
spheres . Of note, in the same study, the Interleukin
6 (IL-6) pathway, including IL-6 itself, its receptor IL6R and the downstream transcription factor STAT3
were identified as targets of this particular miR cluster.
MiR21 is a potent oncogenic miR in BTC with
several established targets that contributes to
[107]
[109]
disadvantageous clinical outcome
. Zhang et al
published that miR21 is necessary for survival of
CD24+ cells in primary liver cancer, indicating a role of
miR21 in the CSC phenotype in BTC.
Although the number of studies regarding miRs
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[118-120]

BTC patients
. Evidence that BTC CSCs not only
are able to activate TAMs but also to chemo-attract
them was shown via chemotaxis experiments, in which
CD14+ strongly migrated towards medium derived
[43]
from BTC spheres .
Mesenchymal stem cells (MSCs) are multipotent
adult stromal stem cells that have the ability to
[121]
generate diverse types of connective tissue
. They
produce a wide range of cytokines and chemokines,
thereby strongly communicating with their near and
far environment. Several studies demonstrated that
MSCs not only support tumor growth and CSC as a
part of the TME, but also that MSC actively migrate
[122]
towards tumor sites
. Regarding BTC, media from
MSCs increased migration, invasion, proliferation,
chemoresistance and colony formation potential of BTC
[91]
cells in vitro . Moreover, media from MSCs activated
Wnt/β-catenin signaling as well as MMP expression.
In a xenograft model, the authors also demonstrated
that injection of BTC cells together with MSCs resulted
[91]
in significantly larger tumors . Recently, it was
shown that media derived from BTC cells enhanced
the migratory potential of MSC as well as the release
[123]
of IL-6
. On the other hand, culture media derived
from these “activated” MSCs significantly increased
proliferation of BTC cells as well as the amount of
pSTAT3. This effect was completely blocked by the
addition of an anti-IL-6 antibody. This is especially
interesting because of the well-known role of the IL-6/
JAK/STAT cascade in CSCs (see above), thus indicating
that MSC can directly support CSCs in BTC. Further
evidence that MSCs may directly interact with CSC
comes from the fact that MSCs secrete CXCL12, the
ligand of the putative BTC stem cell surface marker
[121]
CXCR-4 (Table 1) .
Epithelial-to-mesenchymal transition (EMT) is
a process in which cells lose their epithelial traits
and gain mesenchymal character, allowing them to
detach from the primary tumor and subsequently to
form secondary tumors. On molecular level, loss of
epithelial markers such as E-Cadherin and enhanced
expression of mesenchymal markers such as Vimentin
[124,125]
can be observed during EMT
. Key factors that
can initiate EMT include Slug, Snail and Twist, which
[125]
are repressors of E-Cadherin
. The process of EMT
is closely related to CSC phenotype. For example,
several established CSC pathways such as Wnt,
NOTCH and mTOR are involved in EMT and forced
expression of EMT resulted in enrichment of CSC
[126]
subpopulation (as reviewed in
). For BTC, Shuang
[58]
et al
connected an EMT phenotype with CSC
characteristics. They demonstrated that the ALDH+
subpopulation expressed low levels of E-Cadherin and
high levels of the mesenchymal markers Vimentin
and N-Cadherin. In another study, the authors
recognized reduced expression of the ubiquitin ligase
FBXW7 in BTC samples and found a correlation with
[97]
the metastasis status . Interestingly, the authors
demonstrated via in vitro and in vivo experiments in
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BTC cells, that silencing of FBXW7 resulted in both,
an EMT and a CSC phenotype: the epithelial marker
E-Cadherin was found to be down-regulated, whereas
Vimentin was up-regulated. Regarding CSC markers,
silencing of FBXW7 increased the expression of OCT4
and NANOG and enhanced tumor sphere formation
capability of the tested BTC cells. Conversely, forced
expression of FBXW7 reversed both, the EMT and the
[97]
CSC phenotype . Results from a study conducted by
Matsushita and colleagues also suggests a role of the
Hh pathway in EMT regulation in BTC: knockdown
of the Hh pathway component SMO caused upregulation of E-Cadherin and down-regulation of
Vimentin, accompanied by decreased invasive
[92]
[95]
potential of these cells . Lastly, Kong et al
demonstrated an EMT phenotype (high Vimentin and
low E-Cadherin protein expression) in side-population
CSCs in GBC, further connecting the EMT process with
the CSC phenotype.

CONCLUSION
Although several studies suggest the existence of
BTC-specific CSC, additional independent studies
should verify these results in functional BTC models,
especially in xenograft experiments. Furthermore, due
to the heterogenic character of BTC, it should be taken
into account that multiple CSC subpopulations with
potentially different genetic background and surface
marker profiles may exist. Involvement of classical
stemness pathways and complexes such as Hh, Wnt,
NOTCH and the PRCs as well as of diverse miR species
in generation and maintenance of CSC in BTC is very
likely. However, up to now, only few studies directly
associated the ascertained role of these factors for
BTC development with CSC characteristics (Table 2).
Moreover, future studies should also concentrate on
the role of the TME in the creation and maintenance of
potential CSC niches in BTC. The CSC status is strongly
dependent on the microenvironment, meaning that
CSC traits may very well be not a static, but rather
a dynamic phenomenon in which the TME and CSC
[127]
niche play an absolutely pivotal role
. In this light,
limitations of current in vitro and in vivo models should
always be kept in mind, as (artificial) imitation of an
environment as complex and as dynamic as the TME
seems very challenging. Current clinical trials involving
the CSC concept mainly include immunotherapies, use
of CSCs as biomarkers, several CSC-targeted therapies
(e.g., metformin, Hh or Notch inhibitors with/without
concomitant chemotherapy). However, currently no
studies are registered at clinicaltrials.gov specifically
enrolling patients with BTC. In addition, future studies
should also concentrate on the investigation of the role
crosstalk between stemness pathways regarding BTC
CSC as well as on the role of (chronic) inflammation in
the formation and maintenance of a CSC phenotype
in BTC, especially due to the fact that in BTC cells
positive for CD133 or OCT3/4, enhanced levels of
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inflammation-related DNA damage was observed .
Taken together, CSCs are promising and attractive
targets for pharmacological intervention. Therefore,
regarding BTC, after identification and validation of
putative CSC populations, screening and testing of
anti-CSC-targeting compounds in BTC models will be of
great importance in order to develop new therapeutic
strategies and approaches.
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Potential role of nutraceutical compounds in inflammatory
bowel disease
Tiziana Larussa, Maria Imeneo, Francesco Luzza
corticosteroids. Recently, the therapeutic scenario has
been heavily increased by the introduction of agents
including monoclonal antibodies targeted to specific
proinflammatory cytokines, to adhesion molecules,
and the induction of anti-inflammatory cytokines and
T-cell activation. However, the use of these drugs
is accompanied by a certain number of side effects,
with some of them being quite severe, rising concerns
about the safety profile. Furthermore, the cost of
these emerging therapeutic strategies is significant ,
considering the increasing incidence and the chronic
trend of IBD. Nutraceuticals is a broad term used
to describe any product derived from food sources
claiming extra health benefits beyond the intrinsic
nutritional value found in foods. The beneficial effects
of nutraceutical compounds in human health have
been emerging in the last decades. Although few
clinical trials have been performed in IBD patients,
nutraceuticals, such as herbal products or vitamins, are
generally accepted as safer alternative/supplementation
to conventional therapy. In vitro and IBD-animal
models studies have shown their involvement in several
biological processes, including antioxidant defenses,
cell proliferation, gene expression, which could account
for a role in the maintenance of the mucosal barrier
integrity, the control of the inflammatory pathways
and the modulation of the immune response. These
data suggest a wide spectrum of positive effects
exerted by nutraceuticals, with a high potential for a
therapeutic use in humans. In the present review, the
beneficial effects of the most investigated nutraceutical
compounds in the setting of human IBD are discussed.
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Abstract
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Group Inc. All rights reserved.

Conventional therapies for inflammatory bowel
diseases (IBD) involve combinations of pharmacologic
agents such as aminosalicylates, azathioprine, and

Core tip: Current therapies for inflammatory bowel
diseases (IBD) include aminosalicylates, azathioprine,
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therapy worsens this scenario, suggesting efforts by
clinicians in understanding patients’ needs and barriers
[8]
to achieve a successful management . For all the
above mentioned reasons, alternatives for a safer,
cheaper, and efficacious approach in managing IBD
patients are being sought.
Nutraceutical compounds, such as bioactive pe
ptides, phytochemicals, and omega 3-polyunsaturated
fatty acids, are currently under investigation for
[9]
their helpful activities in IBD . According to the
acknowledged definition, nutraceuticals are foods or
parts thereof that provides medical or health benefits,
including the prevention and/or treatment of a disease.
The term “nutraceutical” was coined in 1989 by
Stephen DeFelice and combines two words - “nutrient”
(a nourishing food component) and “pharmaceutical”
[10]
(a medical drug) . The definition of nutraceuticals
and related products generally depends on the source.
They can be classified on the basis of their natural
sources, or according their pharmacological conditions,
as well as chemical constitution of the products. This
means that different way of classification are possible.
[11]
Chauhan et al
proposed that nutraceuticals can be
grouped into three broad categories: (1) substances
with established nutritional functions, such as
vitamins, minerals, amino acids and fatty acids, also
defined nutrients; (2) herbs or botanical products as
concentrates and extracts, often called herbals; and (3)
reagents derived from other sources (e.g., pyruvate,
chondroitin sulphate, steroid hormone precursors)
serving specific functions, such as sports nutrition,
weight-loss supplements and meal replacements, also
indicated as dietary supplements (Figure 1). In recent
years, use of complementary and alternative medicine
(CAM) has spread due to the perceived natural and
health benefits and the most commonly used CAM in
IBD patients appear to be vitamin supplements and
[12]
herbal therapies . Previous studies in active IBD and
in experimental DSS-colitis have shown that dietary
supplements, such as probiotics, fish oil, curcumin and
[13]
aloe vera, can ameliorate intestinal inflammation .
Plant-derived natural compounds carry out their
protective and therapeutic effect through different
molecular pathways, including anti-inflammatory
and immunoregulatory mechanisms, anti-oxidative
properties, and modulation of intracellular signaling
[14]
transduction pathways . Curcumin and green tea
supplementation have been reported to be effective in
reducing both IBD symptomatology and inflammatory
[15]
scores, but strong evidence is limited . The aim
of this minireview is to describe the more common
nutraceutical compounds used in IBD and to comment
on recent findings for their possible applications in
humans. We did not chosen to discuss data deriving
from in vitro or animal studies, and the agents heading
each of the four paragraphs represent compounds
worthy of note for their use in human clinical trials
investigating IBD.

corticosteroids and recently clinical management with
biologic agents has been implemented. However,
safety issue are emerging along with concern about
the high cost of these new drugs. Nutraceuticals is
a broad term used to describe any product derived
from food sources, such as herbal products or
vitamins, with extra health benefits beyond the basic
nutritional value. Despite few clinical trials in IBD
patients, nutraceuticals are generally accepted as safer
alternative/supplementation to conventional therapy
and the available data support their high potential for
therapeutic use in human IBD.
Larussa T, Imeneo M, Luzza F. Potential role of nutraceutical
compounds in inflammatory bowel disease. World J
Gastroenterol 2017; 23(14): 2483-2492 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i14/2483.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i14.2483

INTRODUCTION
Inflammatory bowel diseases (IBD), including
Crohn’s disease (CD) and ulcerative colitis (UC),
are a group of idiopathic, chronic and relapsing
inflammatory disorders of the gastrointestinal tract,
whose incidence and prevalence has been increasing
[1]
in the last decades . Although the etiology of IBD
is still unclear, it is assumed that many interacting
components could affect IBD development, including
genetic susceptibility, ethnicity, environmental
[2]
factors, infectious diseases, and dietary habits . At
present, the acknowledged pathogenetic mechanisms
are featured by immune dysregulation, altered
intestinal microflora, oxidative stress, defects in
the gastrointestinal mucosal barrier and increased
permeability, whose interplay leads to the onset of a
[3]
state of chronic mucosal inflammation . IBD patients
often require lifelong medication, being the main goal
of therapy both to induce a clinical remission and
then maintain it for a long period of time. Severity
and location of the disease account for the choice
of therapeutic strategies, but also the awareness of
potential side effects. Indeed, the currently approved
drugs, such as corticosteroids, immunosuppressants
and anti-tumor necrosis factor (TNF)-α antibodies,
have been related to the risk of opportunistic infections
[4]
and malignancies . Furthermore, the course of the
disease is often poorly controlled in a significant
number of patients and besides conventional therapy,
[5]
there are now emerging other novel biologic agents .
A crucial issue is the cost of these drugs, which are
much more expensive than conventional therapy
and concerns have arisen about the cost-effective
[6]
management of IBD . Surgery is the last option in
critical patients, but is often associated with short[7]
and long-term complications . A poor adherence to
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Nutraceutical categories

Nutrients

Herbals

Dietary supplements

Vitamins

Polyphenols

Probiotics

Amino acids

Antioxidants

Prebiotics

Fatty acids

Synbiotics

Figure 1 Macro-categories of Nutraceuticals and related most representative compounds.

however some concerns arose due to wide variability
of intestinal permeability in CD patients and lack of
correlation with CD activity index (CDAI) or endoscopic
[23]
remission . The largest probiotic trials in UC assessed
the role of VSL#3, a multibacterial culture for oral
use, consisting of the following species of bacteria:
B. breve, B. longum, B. infantis, L. acidophilus,
L. plantarum, L. paracasei, L. bulgaricus, and S.
[24]
thermophiles . An Indian multicenter trial showed a
42.9% of VSL#3 patients remission, compared with
[25]
15.7% of placebo patients , as well as an Italian 8
wk study which showed that VSL#3 was significantly
superior to placebo in reducing the disease activity
of mild-to-moderate UC. Moreover, VSL#3 improved
rectal bleeding and seemed to lower entity of relapsing
UC patients, although these parameters did not
reach statistical significance due to the high placebo
response rate and relatively short duration of the
[26]
study . Bifidobacteria was successful in maintaining
UC remission in a long term trial, showing a 73%
remission rate compared with 10% in the placebo
[27]
group . The probiotic drug E. coli Nissle 1917 shows
equivalent efficacy and safety in maintaining remission
compared to the gold standard mesalazine in a large
cohort of patients with UC. The ability in preventing
relapse was confirmed by statistical analysis with
[28]
both of the PP population and ITT analysis . Similar
[29]
findings were demonstrated by Rembacken et al
in 1999, who reported a 67% of relapse rate in the
E. coli Nissle 1917 group compared with 73% in the
mesalazine group (p = 0.059). A lot of mechanisms
have been proposed to explain the beneficial role of
probiotics in IBD, focusing on their ability to colonize
the colon and inhibit the growth of pathogenic

PROBIOTICS AND PREBIOTICS
A growing body of evidence documents the use of
probiotics and prebiotics in IBD treatment. Probiotics
are defined as “live microorganisms which when
administered in adequate amounts confer a health
[16]
benefit on the host” . The human gastrointestinal
14
tract contains about 10 bacteria, mostly concentrated
in the large intestine and named intestinal microflora.
It contributes to digestion of nutrients and waste
products of metabolism and acts as an important
[17]
barrier function against pathogens . The triggering
of chronic intestinal inflammation seems to depend
somehow on the flora. In animal models, resident
enteric bacteria are necessary for development of
[18]
spontaneous colitis . At the same time, a disruption
of the fine balance between the host and its microbes
is a hallmark of the inflammatory process in the
[19]
gut . Since this proven involvement of intestinal
bacteria in IBD, various attempts have been made to
modify the flora with probiotics. Escherichia coli (E.
coli) Nissle 1917, S. boulardii, L. casei, L. rhamnosus,
Bifidobacterium, represent some of the most studied
microorganism in human IBD. In 1997, Malchow
evaluated the maintaining remission rates among
the probiotic and placebo groups using E. coli Nissle
1917 in CD patients, but no statistically significant
[20]
difference was found due to the small sample size . A
reduction in clinical relapse of CD to 6.25% vs 37.5%
was obtained with S. boulardii supplementation over
a 6 mo period but a larger subsequent study with
[21,22]
the same agent did not confirm these benefits
.
A third study with S. boulardii showed a reduction
in the intestinal permeability in the probiotic group,
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Table 1 Randomized controlled trials using probiotics, prebiotics and synbiotics in patients with inflammatory bowel diseaes
Treatment

Duration

Subjects (n )

Findings

E. coli Nissle 1917
S. boulardii
S. boulardii
S. boulardii
VSL#3
VSL#3
Bifidobacteria
E. coli Nissle 1917
E. coli Nissle 1917
Lactulose
Fructo-oligosaccharides
B. longum plus inulin/oligofructose mix
B. breve plus galacto-oligosaccharide

12 mo
6 mo
12 mo
3 mo
12 wk
8 wk
12 mo
12 mo
12 mo
4 mo
4 wk
6 mo
12 mo

Active CD (28)
Active CD (32)
Active CD (165)
Remission CD (34)
Active UC (147)
Active UC (144)
Remission UC (21)
Remission UC (327)
Remission UC (166)
Active CD and UC (31)
Active CD (103)
Active CD (35)
Active UC (41)

Trend toward reduced relapse rate
Significant reduction in relapse rate
No significant reduction in relapse rate
Reduction in intestinal permeability
Significant achieved remission
Significant reduction in disease activity
Significant maintenance of remission
Equivalence to mesalazine in remission
Equivalence to mesalazine in remission
No clinical benefits
No clinical benefits
Significant improvement in CDAI scores
Improvement of endoscopic score

Ref.
Malchow et al[20] 1997
Guslandi[21] 2000
Bourreille et al[22] 2013
Garcia Vilela et al[23] 2008
Sood et al[25] 2009
Tursi et al[26] 2010
Ishikawa et al[27] 2003
Kruis et al[28] 2004
Rembacken et al[29] 1999
Hafer et al[33] 2007
Benjamin et al[34] 2011
Steed et al[35] 2010
Ishikawa et al[36] 2011
E. coli: Escherichia coli.
[30]

used as a spice, food preservative and a coloring agent
in foods. Its anti-inflammatory mechanism works
mainly through the suppression of the nuclear factor
kappa-light-chain-enhancer of activated B cells (NFκB)-related inflammatory pathway, with subsequent
inhibition of TNF-α, IL-12 and IL-2, thus affecting
the immune response modulation and representing
[39]
a safe and promising agent for treatment of IBD .
Curcumin was reported to be effective in inducing
remission in IBD patients both in a pilot study and in
a multicenter randomized, placebo-controlled, double[40,41]
blind trial, without producing adverse effects
.
Moreover, curcumin showed a lower relapse rate in UC
compared with placebo, supporting its efficacy also as
[42]
a maintenance therapy . Beside oral administration,
curcumin was found to be effective also in enema
[43]
formulation, as reported by Singla et al
in a ran
domized, double-blind, single-centre pilot study. Of
note, the tolerability of oral supplementation with
curcumin was assessed in a pediatric IBD population,
[44]
and did not raise concerns regarding its safety .
Aloe vera gel, a plant extract known for medicinal
purposes in several cultures for centuries, is one of the
common herbal therapies used for IBD, despite a lack
[45]
of large trials confirming its efficacy . Langmead et
[46]
al
demonstrated the induction of clinical response
in UC patients after a four week treatment with orally
Aloe vera gel administration, but no significant effects
on endoscopic and histological outcomes were found.
Flavonoids, which are widely distributed in fruits
and vegetables, are included into the polyphenols
category. Flavonoid sources as dietary supplement
for therapeutic use have been proposed and their
mode of action have been documented. Their use in
IBD, thus limited in evidences, is intriguing due to the
exhibited anti-inflammatory and immunomodulatory
[47]
properties . Anthocyanins are a class of dietary
flavonoids widespread in fruits and flowers, where
they are responsible for the blue, purple and red
colours. Their anti-oxidant properties, added to a direct
interference both with gene expression and receptor-

species . Moreover, probiotics are known to interact
with epithelial and immune cells resident in the
intestinal mucosa, reinforcing the barrier function
[31]
and modulating the immune response . Therapeu
tic modulation of the gut microbiota in IBD also
contemplates the use of prebiotics, dietary substances
that stimulate the growth and metabolism of pro
tective commensal enteric bacteria, and synbiotics,
which are products that contain both probiotics and
[32]
[33]
prebiotics . Hafer et al
showed no significant
improvement in clinical activity index, endoscopic
score or immunohistochemical parameters in CD and
UC patients receiving lactulose compared with the
control group. A similar failure was observed by the
administration of fructo-oligosaccharides in 103 CD
[34]
patients in a 4 wk trial . A synbiotic consumption was
effective in CD patients, ameliorating clinical outcomes
[35]
and histological findings , and also in the UC setting
synbiotic administration resulted in a promising
[36]
outcome .
Table 1 summarizes the most relevant randomized
controlled trials with probiotics, prebiotics and
synbiotics, performed in patients with IBD in the last
twenty years.

PHYTOCHEMICALS
Phytochemicals are a group of nutraceutical com
pounds derived from plants which hold healthy
properties. Benefits from nutraceuticals rich in
polyphenols and antioxidants derive from their
properties to scavenge free radicals, induce antiinflammatory responses, maintaining a homeostatic
regulation of the gut microbiota, and activate the
[37]
intestinal T regulatory cells . Phenolic compounds
represent the most widely distributed plant secondary
metabolites and several studies have investigated
their effects on intestinal inflammation, either as pure
[38]
molecules or as plant extracts, in humans . Curcumin
is the principal natural curcuminoid (a class of phenols)
found in the plant Curcuma longa, which is commonly
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regulated signaling pathways of inflammation, have
been recently investigated. During an open label pilot
study, UC patients with mild to moderate disease
were treated with an anthocyanin-rich bilberry
preparation. After 6 wk treatment, endoscopic and
histologic disease activity and fecal calprotectin levels
[48]
were significantly reduced in the study participants .
Furthermore, colon biopsies of UC patients who
responded to the 6 wk bilberry treatment revealed
reduced amounts of the pro-inflammatory cytokines
IFN-γ and TNF-α along with enhanced levels of
[49]
the immunoregulatory cytokine IL-10 . Beside
anthocyanins, other flavonoids exhibit nutritional
values and a good safety profile of flavonoids from
myrrh and chamomile has been found in a non[50]
inferiority trial with IBD patients . Boswellia serrata
is a traditional herbal remedy with the recognized
properties of intestinal epithelial barrier preservation
and oxidative and inflammatory damage attenuation,
and therefore in 2011 a large trial was carried out
with this extract with the aim to maintain remission
[51]
in CD patients . Despite a good safety profile, no
statistically significant difference was found compared
with placebo regarding the primary endpoint. In a UC
setting, an old study demonstrated an improvement
of clinical parameters in the 30 patients treated with
Boswellia serrata gum resin preparation compared
[52]
with the controls who received sulfasalazine . Pistacia
lentiscus, known as Chios mastic gum, is an evergreen
shrub widely distributed in the Mediterranean region.
Oleogum resin from Pistacia lentiscus was found to
act as an immunomodulatory agent on peripheral
blood mononuclear cells by inhibiting TNF-α and
stimulating macrophage migration inhibitory factor
(MIF) activity. Indeed, its administration in CD patients
resulted both in the reduction of TNF-α secretion and
in the increase of MIF, with consequent inhibition of
random migration and chemotaxis of monocytes/
[53]
macrophages . Clinical benefits of Pistacia lentiscus
in CD was sustained by another study which showed
a significant reduction in the CDAI compared with
[54]
pretreatment values, following 4 wk of treatment .
The herbal extract HMPL-004 is derived from
Andrographis paniculata, a herbal mixture used to
treat inﬂammatory diseases, which has been reported
to significantly reduce the transcriptional activity of
NF-κB and decrease secretions of pro-inflammatory
cytokines such as TNF-α and IL-6. Its benefits in
active UC were addressed by two randomized,
double-blind, 8 wk trials, showing a decrease in the
total Mayo score of three points as well as a 30%
[55,56]
reduction in rectal bleeding
. However, those
promising greater rates of remission and clinical
response compared with placebo or mesalazine did
not reach statistical significance, thus suggesting a
potential role for HMPL-004 in the management of
IBD but also enforcing the need for additional and
adequately powered studies. Figure 2 summarizes the
interactions between some phytochemical agents and
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the inflammatory network.

DIETARY LIPIDS AND FAT-SOLUBLE
VITAMINS
Dietary lipids are one of the most active nutritional
substrates modulating the human immune response
and, in particular, the gut mucosal immune system.
The behavior of polyunsaturated fatty acids (PUFA)
have been widely investigated during inflammatory
processes and also in the IBD setting. The most
interesting fatty acids are the n-6 PUFA arachidonic
acid (AA), which is the precursor of inflammatory
eicosanoids like prostaglandin E(2) and leukotriene
B(4), and the n-3 PUFAs eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), which are abundant
in fish oils. The modifying action of the lipid mediator
profile is exerted by n-3 PUFAs mainly acting as a
competitive substrate, which decreases the production
of the eicosanoids from AA, but also reducing leucocyte
[57]
chemotaxis and inflammatory cytokine production . A
rising incidence of IBD has been reported in countries
in which the diseases were previously uncommon
and this fact became more prominent after the
“westernisation” of lifestyle, in particular with dietary
changes including a higher intake of n-6 PUFAs and
[58]
a reduced consumption of n-3 PUFAs . Tjonneland
[59]
et al
observed a correlation between higher intake
of linoleic acid, a n-6 PUFA, and an increased risk of
UC, suggesting a possible role for dietary linoleic acid
in the etiology of the disease. On the other hand,
oleic acid, which is the predominant ingredient of
olive oil, was found to be inversely associated with
[60]
UC development . In agreement with this finding, a
prospective large study showed an inverse association
between greater long-term intake of long-chain
n-3 PUFAs and risk of UC, confirming the protective
effect of n-3 PUFA intake, while no specific fatty acids
[61]
appeared to be associated with the risk of CD . A
Japanese study showed that a dietary intervention
focused on lowering n-6/n-3 PUFA ratio was effective
in maintaining disease remission in patients with
IBD, possibly through the increasing of n-3 PUFA
[62]
intake . A 12 wk fish oil supplementation in patients
with IBD resulted in n-3 PUFA incorporation into gut
mucosal tissue and modification of inflammatory
mediator profiles, showing how readily colonic lipids,
prostaglandin and thromboxane synthesis can be
[63]
altered by dietary changes . Eleven patients with
UC were studied in an 8-mo, double-blind, placebocontrolled, trial of dietary supplementation with fish
oil, achieving a mean disease activity index that had
declined in 56% of patients receiving fish oil and in
4% of patients on placebo. Moreover, fish oil ingestion
revealed a well-tolerated profile in all patients and
[64]
no alteration in routine blood exams appeared .
Despite these promising results, a large, randomized,
multicenter trial did not show the utility of omega-3
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Figure 2 Phytochemicals and their interactions with inflammatory pathways. IFN-γ: Interferon-gamma; IL: Interleukin; MIF: Macrophage migration inhibitory
factor; NF-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells; TNF-α: Tumor necrosis factor-alpha.
[65]

free fatty acids for the prevention of relapse in CD .
However , the above mentioned successful data need
to be interpret with caution due to the small study
size and poor study quality. Indeed, a recent review
observed how the current data do not allow for a
definitive conclusion regarding the efficacy of fish oil
in IBD, there being not sufficient data to recommend
the use of omega 3 fatty acids for treating those
[66]
conditions .
An interesting role in the nutraceutical scenario
used in the IBD setting has been proposed for
the fat-soluble vitamins, such as A, D, E, and K.
The deficiency of vitamin D, whose main source is
endogenous production in the skin upon exposure
to sunlight, was found to be significantly associated
[67]
with IBD . Evidence supports an immunological role
of vitamin D in IBD, both promoting tissue barrier
formation through the expression of cell adhesion
proteins and stabilization of tight junctions between
epithelial cells, and inhibiting the production of proinflammatory cytokines through the activation of
[68]
vitamin D receptor . Interventional human studies
examining the effects of vitamin D supplementation
on disease activity in CD showed lower relapse rates
[69,70]
and improvement in CDAI
. Results from a recent
randomized controlled trial support the benefits from
vitamin D supplementation also in UC patients, since
a decrease in ESR and CRP levels was found in the
[71]
treatment group . However, an optimal vitamin
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D supplementation protocol for patients with IBD
remains undetermined, and large well-designed clinical
trials and mechanistic studies are needed to determine
if, and how, the promising data of literature can be
[72]
translated into tangible clinical benefits . Still less is
available regarding the other fat-soluble vitamins. It
has been suggested that vitamin K may be involved
in the modulation of disease activity and maintenance
[73]
of bone health in IBD patients. Nakajima et al
evaluated vitamin K levels of patients with IBD by
measuring serum undecarboxylated osteocalcin and
found a significant correlation with the clinical activity
index of CD. The complexity of these interactions has
[74]
been highlighted by Kuwabara et al , who found
that a low plasma concentration of vitamin K was an
independent risk factor for low bone mineral density
in IBD patients, but these low levels were associated
with the patients’ fat intake, and not with the intake
of vitamin K, thus suggesting a malabsorption rather
than a poor dietary intake.

DIETARY PEPTIDES AND AMINO ACIDS
Dietary peptides and amino acids (AAs) have been
shown to modulate intestinal immune functions and
influence inflammatory responses, being involved in
reducing inflammation, oxidative stress, and apoptosis
[75]
in the gut . Processes that lead to bioactive peptide
release include in vivo enzymatic digestion in the
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gastrointestinal tract both by human and microbiota
enzymes, or in vitro food processing. Any protein
source can produce bioactive peptides, milk being
the best studied, but bioactive peptides from egg,
[76]
fish, meat, algae or soy have also been reported .
Milk-derived products are already in clinical use for
the treatment of IBD, such as casein-based enteral
feeds which are used for the treatment of CD and
whose efficacy might be due, in part, to the presence
of the anti-inflammatory cytokine transforming
[77]
growth factor-β . Colostrum is a form of milk
produced by the mammary glands of mammals just
prior to calving. Bovine colostrum is a rich source of
nutrients, antibodies, antimicrobial peptides (e.g.,
lactoferrin, lactoperoxidase) and growth factors and
its beneficial properties have been demonstrated
during an initial study with UC patients treated by
[78]
enema administration . An amelioration in body
composition, with a decrease in fat percentage, has
been obtained in CD patients after whey and soy
[79]
protein dietary supplementation . Considering that
a reduction of body fat contributes to the control of
inflammation, these nutritional strategies may be
useful as alternative or ancillary treatments in IBD.
The current available information indicates a potential
for food-derived peptides to counteract inflammation
during the course of IBD, but further investigation is
needed to clarify which peptides are responsible for
the benefits and how they exert their impact . While
experimental studies in animal models evaluating
isolated AAs such as tryptophan, glutamine, and
cysteine, offer promising data, their effects in IBD
have been poorly documented in humans. The few
available clinical studies show disappointing results
with oral glutamine in CD and a controversial role for
[80]
arginine .
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Abstract
Although gastric tumors have overlapping radiologic
appearances, some unusual tumors may present
specific imaging features. Using multidetector computed
tomography (MDCT), with water as a negative oral
contrast agent and intravenous contrast medium,
can provide critical information for the diagnosis of
gastric diseases. In addition, MDCT can evaluate the
involvement of the gastric wall and extragastric extent
of the disease, as compared with gastroenteroscopy
and double-contrast upper gastrointestinal study.
Regarding lesion location and size, enhancing and
growth patterns, presence of calcification or fat,
and involvement of the gastric wall and adjacent
structures, CT may provide useful information. In
this review article, we review the relevant literature
and discuss the CT features and the histopathologic
findings of different types of gastric lesions. The
lesions are divided into benign (glomus tumors,
schwannomas, leiomyomas, and lipomas), malignant
(gastrointestinal stromal tumors, mucinous carcinomas,
lymphomas, and carcinoid tumors), and tumor-like
lesions (ectopic pancreas and bezoar). Familiarity with
imaging appearances and pathologic findings can help
physicians make an accurate diagnosis.
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gastric contents, and mimics pseudotumors. In
addition, high-attenuation contrast may mask subtle
disease on contrast-enhanced images of the gastric
[3]
wall . Water and low-concentration barium sulfate
are used as a negative oral contrast agent. We
preferred to use water as a negative oral contrast
agent for optimal assessment. Water is free and
well tolerated. Before the CT scan, our patient was
fasted for 4 h. After intravenous injection of hyoscine
N-butylbromide (Buscopan, Boehringer International,
Ingelheim, Germany) for slowing down gastrointestinal
movement, the water (500 mL) was administered in
a routine procedure to obtain gastric distention before
the patient was laid down on the CT table.
The dynamic CT imaging for the gastric lesions
was performed in three phases (non-enhanced,
arterial, and portovenous). Non-enhanced imaging
was obtained to provide a baseline for the degree
of lesion enhancement as well as detecting the
hemorrhage, calcification, and fat component of the
lesion. The arterial phase was obtained 30 seconds
after the injection of a dose of 2 mg/kg of nonionic
contrast material at a rate of 2.5 mL/s, using an
automated power injector. The portovenous phase
was obtained 50 s after the contrast injection. The
contrast-enhanced phases help in assessing the extent
of involvement of the stomach, differentiating mucosal
and submucosal tumors, determining the enhancing
and growth patterns, and detecting distant metastasis
[4,5]
and lymphadenopathy .

Core tip: Diagnostic imaging of gastric tumors remains
a practical challenge. However, in some cases of
uncommon gastric tumors and tumor-like lesions,
there are some specific radiographic features. Using
the multidetector computed tomography, with water
as a negative oral contrast agent and intravenous
contrast medium, can provide critical information for
the diagnosis of gastric diseases. Familiarity with the
computed tomography features of these diseases
facilitates accurate diagnosis and further management.
Lin YM, Chiu NC, Li AFY, Liu CA, Chou YH, Chiou YY.
Unusual gastric tumors and tumor-like lesions: Radiological
with pathological correlation and literature review. World J
Gastroenterol 2017; 23(14): 2493-2504 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i14/2493.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i14.2493

INTRODUCTION
Diagnostic imaging of gastric tumors remains a
practical challenge. The most common primary gastric
[1]
tumors are gastric adenocarcinomas (> 90%) .
Esophagogastroduodenoscopy (EGD) is the main
test used to find stomach cancer and perform a
biopsy, and multidetector computed tomography
(MDCT) is used to locate the lesion and determine
the extent of the disease. Using MDCT to characterize
the disease always leads to a long list of differential
diagnoses because many overlapping characteristics
have been shown to exist among various gastric
tumors (Table 1).
However, in some cases of unusual tumors and
tumor-like lesions, familiarity with the most relevant
radiologic features with clinical information allows
adequate characterization and diagnosis. Using the
MDCT, with water as the negative oral contrast agent,
can provide useful information regarding lesion location
and size, enhancing and growth patterns, presence of
calcification or fat, and involvement of the gastric wall
and adjacent structures.
In this review article, we review the relevant lite
rature and discuss the CT features and histopathologic
findings of different types of gastric lesions. The lesions
are divided into benign (glomus tumors, schwannomas,
leiomyomas, and lipomas), malignant (gastrointestinal
stromal tumors, mucinous carcinomas, lymphomas,
and carcinoid tumors), and tumor-like lesions (ectopic
pancreas and bezoar).

BENIGN TUMORS
Glomus tumors

Glomus tumors are modified smooth muscle cells that
recapitulate perivascular glomus body cells. They are
typically found in peripheral soft tissues, but can occur
[6]
anywhere in the body . In the gastrointestinal tract,
glomus tumors are more common in the stomach
as benign vascular submucosal tumors. The clinical
symptoms are nonspecific. However, larger lesions are
likely to be ulcerated, causing upper gastrointestinal
bleeding. Surgical resection is typically curative.
On gastroenteroscopy, the glomus tumors appear
as nonspecific submucosal lesions with a smooth
[7]
surface . Glomus tumors are typically small and
solitary, and are commonly located in the gastric
antrum. In pre-contrast CT, they are iso-dense to the
stomach wall and manifest as solitary hypervascular
lesions in the arterial phase, which persist in the
[8]
portovenous phase in dynamic CT (Figure 1) .
Sometimes, they may exhibit a hemangioma-like
“central fill-in” enhancement pattern in the delayed
[9]
phase . By contrast, adenocarcinoma is a relatively
poor-enhancing mucosal tumor manifesting as a
polypoid lesion with generalized mural thickening or
focal mural thickening, with or without ulceration.
In histologic analysis, glomus tumors are composed

CT protocol of stomach studies

Dynamic MDCT with stomach distention is optimal
for the study of stomach tumors. The stomach is
distended with positive or negative oral contrast to
[2]
avoid overlooking tumors . The traditional positive
oral contrast material may not mix uniformly with
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Figure 1 Glomus tumor. A 66-year-old woman presented with epigastric pain for 1 mo. A: Arterial phase showing a submucosal mass at the gastric antrum (arrow)
with an exophytic growth pattern. Peripheral nodular enhancement is evident; B: Portovenous phase showing central fill-in enhancement compared with the arterial
phase; C: High power photomicrography (original magnification, × 200, HE stain) showing many vessels (star) filled with red blood cells and lined within the tumor
cells. The tumor cells were positive for smooth muscle actin (D).

Table 1 Characteristics of uncommon gastric tumors and tumor-like lesions
CT features
Benign tumors
Glomus Tumor
Schwannoma
Leiomyoma
Lipoma
Malignant tumors
Adenocarcinoma
GIST
Lymphoma
Carcinoid
Tumor-like lesion
Ectopic pancreas
Bezoar

Small, solitary, and hypervascular tumor at gastric antrum
Homogeneous attenuated gastric tumor
Small, endoluminal growth, hypoenhanced tumor at gastric cardia
Fat contained tumor
Polypoid, or generalized mural thickening, or focal mural thickening with/without ulceration tumor
The mucinous type has punctate or miliary calcification within the tumor
Exophytic hypervascular GI mass arising from submucosa with central ulceration, amorphous calcification
Regional or diffuse wall thickening preserved perigastric fat plane and lymphadenopathy extending below the renal hila
Type Ⅰ and Ⅱ, small, polypoid lesion, with marked enhancement. Type Ⅲ, larger, sporadic, solitary tumor with distant metastasis
Small solitary lesion at greater curvature of distal antrum with enhancement similar to pancreas
Intraluminal gastric filling defect with mottled appearance

GIST: Gastrointestinal stromal tumor; CT: Computed tomography.

of numerous dilated, irregular shaped vessels, covered
by numerous, monotonous round cells. The tumor
[6]
cells are positive for smooth muscle actin (Figure 1) .
The prominent vascular structures are responsible for
dense contrast enhancement in CT.

schwannomas are benign neurogenic tumors composed
of over-proliferated Schwann cells in the soft tissue or
central nervous system. In the gastrointestinal tract,
such lesions often display prominent lymphoid cuffing
(Figure 2). Gastrointestinal schwannomas are rare in
the gastrointestinal tract, with the stomach being the
most common site, followed by the colon and rectum.
They are believed to arise from the gastrointestinal
[11]
autonomic nervous system . Gastrointestinal
schwannomas account for 4% of all benign gastric

Schwannomas

Gastrointestinal schwannomas are considered to be
different from conventional schwannomas because of
[10]
unique different histologic features . Conventional
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Figure 2 Schwannoma. A 75-year-old woman presented with coffee ground vomitus. A: Pre-contrast transverse computed tomography (CT) showing a homogeneous
iso-density tumor in the greater curvature of the stomach (arrow); B: Post-contrast-enhanced CT showing homogeneously moderate enhancement with a mixed
(endoluminal and exophytic) growth pattern; C: Low-power photomicrograph (original magnification, × 20; HE stain) showing that the tumor retains its circumscription
with lymphoid aggregate cuffing (arrow); D: The vaguely bundled spindle tumor cells were positive for S-100.

neoplasms and the peak incidence occurs is in
[12]
fourth and fifth decades of life . They are typically
asymptomatic, but can present with gastrointestinal
bleeding or palpable mass.
Gastric schwannomas are submucosal lesions with
endoluminal or exophytic growth patterns and their
common CT appearance is homogeneous attenuation
in pre-contrast and post-contrast images with moderate
[10]
enhancement (Figure 2) . Calcification, cystic change,
hemorrhage, and necrosis are rarely seen in gastric
schwannoma. By contrast, adenocarcinomas typically
exhibit ulceration, necrosis, and involvement of the
gastric mucosa.
In histologic analysis, gastrointestinal schwan
nomas consist of focally atypical spindle cells in a
microtrabecular-microfascicular pattern with evidence
of nerve sheath differentiation (S-100 protein-positive),
peripheral lymphoid cuffing, and occasional germinal
[11,13]
centers (Figure 2)
.

benign neoplasms and never metastasize; surgery is
not required unless obstruction or compression occur.
Gastrointestinal leiomyomas are the most frequent
[14]
mesenchymal tumor of the esophagus . They are
relatively rare in the stomach, and are typically located
in the gastric cardia. Leiomyomas typically manifest as
homogeneous, low attenuation, poorly to moderately
enhanced small masses in the gastric cardia (Figure 3).
They typically exhibit an endoluminal growth pattern
[15]
and are relatively small compared with GISTs .
Histologically, leiomyomas resemble to normal
smooth muscle cells. They exhibit hypocellular spin
dle cells with eosinophilic cytoplasms, arranged in
perpendicularly oriented fascicles. The tumor cells are
positive for desmin and SMA, and negative for CD34
[16]
and CD117 (c-kit) (Figure 3) . In contrast to true
leiomyomas, GISTs show higher cellularity, and are
positive for CD34 and CD117.

Leiomyomas

Gastrointestinal lipomas are benign submucosal
tumors composed of adipose tissue covered with a
fibrous capsule. They are solitary slow-growing tumors
and can occur anywhere in the gastrointestinal tract.
Approximately 90% to 95% of lipomas are located
in the submucosa and the remaining 5% to 10% are
[17]
subserosal . They are rare in the stomach, and most

Lipomas

True leiomyomas were not well distinguished from
gastrointestinal stromal tumors (GISTs) until the
development of immunohistochemical staining
techniques. It is clinically important to distinguish
GISTs from leiomyomas, because GISTs have a risk
of progression and metastasis. True leiomyomas are
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Figure 3 Leiomyoma. A 70-year-old man had no symptoms. A and B: Pre- and post-contrast-enhanced axial computed tomography scans showing the leiomyoma
at the gastric cardia (arrow), with an intraluminal growth pattern and homogeneous, poor enhancement. Note the intact enhancing mucosa, indicating the submucosal
lesion; C: High-power photomicrograph (original magnification, × 200; HE stain) showing paucicellular spindle cells with low or moderate cellularity, arranged in
perpendicularly oriented fascicles; The tumor cells were positive for smooth muscle actin (D) and negative for CD34 and CD117 (not shown).

A

B

Figure 4 Lipoma. A 69-year-old man presented with abdominal fullness. A: Non-contrast-enhanced computed tomography (CT) showing a round, sharply marginated,
uniform fatty mass (arrow) with negative CT numbers (-90 HU) in the greater curvature of the stomach; B: High-power photomicrograph (original magnification, × 200;
HE stain) showing that the tumor consists of mature adipocytes.

are located in the gastric antrum with an endoluminal
[18]
growth pattern . Because lipomas are soft, they
may prolapse through the pylorus into the duodenum
without gastric outlet obstruction. If the tumor is
large enough, it may cause intussusception. CT is the
imaging modality of choice for diagnosing of lipoma.
A definitive diagnosis is based on a well-circumscribed
mass with uniform fat density (-70 to -120 HU) (Figure
4). Soft tissue attenuation may be present in the
[19]
tumor because of inflammation and ulceration .
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MALIGNANT TUMORS
Gastrointestinal stromal tumors

GISTs are the most common mesenchymal tumors of
the gastrointestinal tract. GISTs can occur anywhere
along the gastrointestinal tract, with approximately
60% to 70% occurring in the stomach, and 30%
occurring in the small bowel. They arise from the
intestinal cell of Cajal in muscularis propria of the
gastrointestinal wall. Because they are mesenchymal
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Figure 5 Gastrointestinal stromal tumor. A 58-year-old woman presented with melena and abdominal cramping pain for a year. A: Pre-contrast computed
tomography (CT) scan showing amorphous calcifications in a gastric tumor with endoluminal and exophytic growth patterns (arrow); B: Post-contrast-enhanced CT
scan showing the intact enhancing mucosa and central necrosis; C: High-power photomicrograph (original magnification, × 100; HE stain) showing spindle cells
arranged in lobules; D: The tumor cells were positive for CD117.

tumors, they may exhibit exophytic, intraluminal or
mixed growth pattern.
Primary GISTs are typically large masses with
irregular lobulated margins, mucosal ulceration,
central necrosis, hemorrhage, and heterogeneous
enhancement (Figure 5). Occasionally, calcifications
are observable and are amorphous. Sometimes it is
difficult to identify the origin of a mass because of the
[20]
large size and extraluminal growth pattern . Nearly
50% of patients with GISTs exhibit metastasis, and the
[21]
liver and peritoneum are the most involved organs .
GISTs smaller than 3 cm can be endoluminal and
polypoid in appearance. They are typically welldefined, homogeneous, soft-tissue attenuation masses.
Sometimes it is difficult to distinguish small GISTs
from other benign intramural gastric tumors. Unlike
adenocarcinoma, they are submucosal tumors with
intact mucosa, prone to exhibiting mixed exophytic
and endoluminal growth patterns and amorphous
calcification.
Histologically, GISTs exhibit uniform spindle cells
or epithelioid cells arranged in lobules. Malignant
GISTs are larger, more highly cellular, and more
mitotically active than benign GISTs. Most GISTs (90%)
are characterized by expression of CD117 (c-kit),
which is a tyrosine kinase receptor in the intestinal
cells of Cajal (Figure 5). The immunoreactivity
of CD117 (c-kit) distinguishes GISTs from true

WJG|www.wjgnet.com

leiomyomas, leiomyosarcomas, schwannomas, and
[22]
neurofibromas .

Mucinous adenocarcinomas

The gastric adenocarcinomas are classified into
mucinous, papillary, tubular, signet-ring cell, and
undifferentiated types. The prognosis of mucinous
carcinoma is poorer than non-mucinous carcinoma.
Mucinous carcinoma is characterized by prominent
glandular formation and abundant extracellular mucin
[23]
deposition . Miliary and punctate calcifications are
present in the mucin pool, which is a diagnostic clue for
[24]
mucinous carcinoma (Figure 6) . It is proposed that
[25]
the alkaline mucin promotes calcium salt deposition ,
but the actual pathogenesis is not entirely clear.
Mucinous adenocarcinomas exhibit a diffuse
thickened gastric wall with relatively low attenuation
on pre-contrast-enhanced CT images and poor
enhancement after contrast enhancement because of
[26]
the accumulation of mucin (Figure 6) . Calcifications
within the tumor are rarely larger than 3 mm in
diameter and are located within the thickened gastric
wall. Calcifications in primary untreated gastric cancer
are rare, but can sometimes be observed in GISTs
[27]
and hemangiomas . Calcification is amorphous in
GISTs (Figure 5) and manifests as a cluster of phlebo
liths in hemangiomas, which differs from mucinous
adenocarcinomas.

2498

April 14, 2017|Volume 23|Issue 14|

Lin YM et al . Unusual gastric tumor and tumor-like lesions

A

B

C

D

Figure 6 Mucinous adenocarcinoma. A 65-year-old man presented with vomiting and diarrhea for 2 mo. A and B: Pre- and post-contrast-enhanced computed
tomography scans shoings a segmental thickening at the posterior wall of the gastric antrum, with poor enhancement and punctate calcification (arrow). Low-power
photomicrograph (original magnification, × 20; HE stain) showing abundant extracellular mucin pools (C) with floating tumor cells and calcifications (D).

Lymphomas

[31]

hilum (Figure 7)

Primary gastrointestinal lymphomas are the most
frequently occurring extranodal lymphomas and
are almost exclusively of non-Hodgkin type. The
stomach constitutes 50% of all gastrointestinal tract
lymphomas and 25% of extranodal lymphomas.
Gastric lymphomas are predominantly non-Hodgkin
[28,29]
lymphomas of B-cell origin
. It is believed that
primary gastric lymphomas originate from low-grade
mucosa-associated lymphoid tissue (MALT), and
transform into intermediate or high-grade large cell
[30]
lymphomas .
Gastric lymphomas typically show regional or
diffuse gastric wall thickening on CT images (Figure
7). The enhancement is typically homogeneous, with
preservation of the underlying gastric rugae, but
low-attenuation areas of necrosis may be observed
[31]
in some cases . The stomach typically remains
pliable and distensible, and transpyloric spread of the
[32]
tumor may occur in 30% of cases . In high-grade
gastric lymphomas, involvement of adjacent organs
is usually observed, with some perigastric lymph
nodes. Low-grade MALT lymphomas frequently result
in non-specific findings, such as mucosal nodularity,
depressed lesions, and thickened folds. Compared to
gastric adenocarcinomas, the perigastric fat plane is
[33]
more likely to be preserved
and lymphadenopathy
can typically be observed extending below the renal
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.

Carcinoids

Gastric carcinoids are well-differentiated endocrine
neoplasms that originate from enterochromaffinlike cells in the gastric mucosa and are therefore
epithelial in origin. Although the stomach is the least
common site of gastrointestinal carcinoids, they are
clinically important because of the associated carcinoid
syndromes. Gastric carcinoids can be divided into
three subtypes, each with a distinct pathophysiologic
mechanism, resulting in different clinical outcomes and
[34,35]
management
.
Type 1 gastric carcinoids are the most common
(75%-80% of gastric carcinoids), and are associated
with hypergastrinemia and chronic atrophic gastritis.
Patients with type 1 gastric carcinoid are typically
asymptomatic; tumors are typically encountered
during endoscopy for nonspecific symptoms. Type
2 gastric carcinoids are less common (5%-10% of
gastric carcinoids) and are associated with ZollingerEllison syndrome, with multiple endocrine neoplasms.
Approximately 30% of patients with multiple endocrine
[36]
neoplasia type 1 have gastric carcinoid tumors .
In type 2 gastric carcinoids, elevated gastrin levels
produce signs and symptoms of hypertrophic, hyper
secretory gastritis. Type 1 and type 2 carcinoids are
small, circumscribed, mucosal and/or submucosal
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Figure 7 Diffuse large B-cell lymphoma. A 63-year-old woman presented with epigastralgia. A and B: Contrast-enhanced computed tomography (CT) scan showing
diffuse, homogeneous gastric wall thickening with a smooth well-defined outer wall (arrow). An 83-year-old woman presented with tarry stool and constipation for a
week; C and D: Post-contrast-enhanced CT revealing wall thickness (arrow) at the gastric body and several enlarged lymph nodes in the mesentery and para-aortic
retroperitoneum (stars); E: Low-power photomicrograph (original magnification, × 20; HE stain) showing diffuse proliferation of large monomorphic neoplastic cells with
abundant cytoplasms; F: The neoplastic cells occupy the full thickness of the submucosa (star).
[37,38]

small cell carcinomas, with nuclear pleomorphism,
hyperchromasia and higher mitotic activity. These
tumors are immunoreactive to chromogranin A and
synaptophysin, which are general neuroendocrine
[38]
markers .

polypoid tumors in the gastric body and fundus
.
On CT, polypoid lesions appear iso-dense in the precontrast phase, with marked enhancement in the
[39]
arterial phase (Figure 8) . Type 3 gastric carcinoids,
which are larger, sporadic, solitary tumors, are not
associated with atrophic gastritis or hypergastrinemia;
however, they may exhibit ulceration and distant
metastases, and the prognosis is poor compared with
[40]
type 1 and 2 carcinoids .
In histologic analysis, carcinoids are composed
of small uniform cells arranged in trabecular or
nest patterns. The nuclei are round or oval with
finely stippled chromatin, infrequent mitoses, and
minimal nuclear polymorphism (Figure 8). Highgrade sporadic carcinoid tumors may resemble
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TUMOR-LIKE LESIONS
Ectopic pancreas

Ectopic pancreas is a condition whereby pancreatic
tissues lack anatomic and vascular connections to the
[41]
pancreas . The pathogenesis is not clear, but some
believe that during normal pancreatic development from
evaginations, one or more evaginations may remain
in the bowel wall. Others suggest that pancreatic
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Figure 8 Carcinoid. A 66-year-old man presented with epigastralgia and elevated levels of serum gastrin. A: Contrast-enhanced transverse and coronal computed
tomography (CT) scans showing multiple enhancing polypoid lesions (arrows) at the gastric body; B: Endoscopy showing multiple polypoid lesions; C: Low-power
photomicrograph (original magnification, × 10; HE stain) showing atrophic gastritis (atrophy in glandular structures, arrow); D: High-power photomicrograph (original
magnification, × 100; HE stain) showing uniform cells bearing round nuclei and growing in a festoon or ribbon-like arrangement in the submucosa.

metaplasia of the gastric submucosa may occur during
[42]
the embryogenesis of endodermal tissues . These
lesions typically have a peak incidence in fourth to sixth
decades of life, most commonly among men. They
are typically discovered incidentally during surgery
or autopsy, with an incidence during laparotomy
[43]
of 0.2% . Although most patients with ectopic
pancreas are asymptomatic, some may present with
nonspecific abdominal pain, bleeding, and mechanical
[44-46]
obstruction
. Lesions are typically located in the
stomach, duodenum, or jejunum. Because they are
typically small, slow-growing, and asymptomatic, they
might be overlooked in daily practice.
Ectopic pancreas typically manifests as an illdefined, submucosal mass with endoluminal growth in
the stomach, generally located in the greater curvature
[47]
of the distal antrum . On CT, the enhancement is
typically similar to that of the normal pancreas. It
has been reported that the enhancement degree
depends heavily on the histopathologic composition
[48]
of the ectopic pancreas . There are three subtypes
of ectopic pancreas. The acini-dominant type is more
homogeneous and exhibits stronger enhancement
than the normal pancreas (Figure 9), the ductdominant type exhibits lower enhancement than the
normal pancreas, and the mixed type exhibits variable
CT attenuation values compared with the normal
pancreas. Histologically, ectopic pancreas is not a
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diagnostic problem when pancreatic acini, ducts, islets
of Langerhans, and intervening connective tissue are
present.

Bezoar

Bezoars, mimicking gastric neoplasms, consist of
ingested foreign materials that accumulate within the
gastrointestinal tract. They include trichobezoars, which
are composed of hair; phytobezoars, which are composed
of fruit or vegetable matter; lactobezoars, which are
undigested milk concretions; and pharmacobezoars,
[49]
which are composed of medications . They are typically
confined to the stomach but can extend through the
pylorus into the jejunum, ileum and even up to the colon
(known as Rapunzel syndrome).
Most bezoar cases are diagnosed using plain
films or a barium meal, but CT may be requested for
patients who present with abdominal masses. A bezoar
in the stomach presents as a mobile intraluminal
gastric filling defect, with a mottled appearance caused
by air bubbles retained in interstices of the mass.
[50]
(Figure 10) . Clinical history is crucial for accurate
diagnosis.

CONCLUSION
It is often difficult to determine the etiology of gastric
lesions based on the basis of clinical findings. Using
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Figure 9 Ectopic pancreas. A 26-year-old woman presented with postprandial epigastric pain for 2 years. A: Transverse computed tomography (CT) scan showing
a small round submucosal lesion with well-defined margins in the wall of the antrum (arrow). Note the contrast material enhancement is higher than that of the normal
pancreas (star); B: Low-power photomicrograph (original magnification, × 20; HE stain) showing that pancreas tissue (star) is predominant in the acinar tissue. A
20-year-old man presented with intermittent epigastralgia for 2 mo; C: Transverse CT scan showing a submucosal round mass (arrow) with necrosis at the gastric
antrum. Note the poorly enhancing nodular mass, as compared with the markedly enhancing adjacent normal pancreas (star); D: Low-power photomicrograph (original
magnification, × 200; HE stain) showing ectopic pancreatic tissue, composed primarily of pancreatic ducts (arrow) in the gastric mucosal layer.

A

B

L16

C

Figure 10 Trichobezoar. A 13-year-old girl presented with intermittent fever. She exhibited obsessive and compulsive hair pulling. A: Plain film revealing a bezoar
outlined by air in the stomach; B: Transverse computed tomography image showing an inhomogeneous mass with a mottled gas pattern in the distended stomach
(arrow); C: Low-power photomicrograph (original magnification, × 10; HE stain) showing hair tissue with inflammatory exudate.
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MDCT with water as a negative oral contrast can
provide useful information for the diagnosis of unusual
gastric tumors or tumor-like lesions. Familiarity with
imaging appearances and pathologic findings can help
physicians make an accurate diagnosis.
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Abstract
Hepatic ischemia reperfusion injury (HIRI) is a clinical
condition which may lead to cellular injury and organ
dysfunction. The role of nitric oxide (NO) in HIRI
is complicated and inconclusive. NO produced by
endothelial nitric oxide synthase (eNOS) activation
plays a protective role during early HIRI. But eNOS
overexpression and the resulting excessive NO
bioavailability can aggravate liver injury. NO induced
by inducible nitric oxide synthase (iNOS) may have
either a protective or a deleterious effect during the
early phase of HIRI, but it may protect the liver during
late HIRI. Here, we reviewed the latest findings on
the role of NO during HIRI: (1) NO exerts a protective
effect against HIRI by increasing NO bioavailability,
downregulating p53 gene expression, decreasing
inflammatory chemokines, reducing ROS via inhibiting
the mitochondrial respiratory chain, activating sGCGTP-cGMP signal pathway to reduce liver cell apoptosis,
and regulating hepatic immune functions; (2) eNOS
protects against HIRI by increasing NO levels, several
eNOS/NO signal pathways (such as Akt-eNOS/NO,
AMPK-eNOS/NO and HIF-1α-eNOS/NO) participating in
the anti-HIRI process, and inhibiting over-expression of
eNOS also protects against HIRI; and (3) the inhibition
of iNOS prevents HIRI. Thus, the adverse effects of NO
should be avoided, but its positive effect in the clinical
treatment of diseases associated with HIRI should be
recognized.
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types of NOS: endothelial nitric oxide synthase (eNOS),
neuronal nitric oxide synthase (nNOS), and inducible
nitric oxide synthase (iNOS). Endothelial nitric oxide
synthase exists mainly in vascular endothelial cells
while iNOS exists mainly in the cytoplasm of some
inflammatory cells, such as white blood cells associated
with diseases characterized by inflammation, tumors,
and degeneration. NOS not only appears in soluble
cytoplasm but also in some subcellular organelles. NO
is produced mainly by eNOS catalysis, and also by the
upregulation of iNOS expressions during acute hepatic
[3]
ischemia . It has been reported that iNOS is induced
to produce large amounts of NO by lipopolysaccharide,
interleukin-1 (IL-1), and tumor necrosis factor (TNF),
which play a role in the pathophysiological process
of some diseases and in many inflammation and
[4]
immune reactions . iNOS-derived NO may have either
a protective or a deleterious effect during the early
phase of IR injury, but it plays a protective role in the
[5]
late phase of HIRI (Table 1).

Core tip: The latest findings on the role of nitric oxide
(NO) during hepatic ischemia reperfusion injury (HIRI)
include: NO exerts a protective effect against HIRI
by increasing NO bioavailability, downregulating p53
gene expression, decreasing inflammatory chemokines,
reducing ROS by inhibiting the mitochondrial respiratory
chain, activating sGC-GTP-cGMP signal pathway to
reduce liver cell apoptosis, and regulating hepatic
immune functions; eNOS protects against HIRI by
increasing NO levels, several eNOS/NO signal pathways
(such as Akt-eNOS/NO, AMPK-eNOS/NO and HIF1α-eNOS/NO) participating in the anti-HIRI process;
inhibiting over-expression of eNOS also protects against
HIRI; and finally, the inhibition of iNOS prevented HIRI.
Zhang YQ, Ding N, Zeng YF, Xiang YY, Yang MW, Hong FF,
Yang SL. New progress in roles of nitric oxide during hepatic
ischemia reperfusion injury. World J Gastroenterol 2017;
23(14): 2505-2510 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i14/2505.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2505

PROTECTIVE EFFECT OF NO DURING
HIRI
NO was proved to reduce HIRI through various me
[6,7]
chanisms , such as inhibiting liver cell apoptosis,
slowing the infiltration of macrophages, eliminating
superoxide anion produced by neutrophils, protecting
the liver sinus structure and maintaining liver
microcirculation blood flow, accelerating the liver tissue
oxygenation, stabilizing ATP levels, decreasing oxidative
stress injury, preventing the reduction of glutathione
and the increase of endothelin side effects, and
inhibiting platelet aggregation.

INTRODUCTION
Hepatic ischemia reperfusion injury (HIRI) is a clinical
condition which may lead to cellular injury and organ
dysfunction, mediated mainly through the production of
[1]
reactive oxygen species and inflammatory cytokines .
Deterioration of hepatic homeostasis, as observed in
IR, cold preservation and transplantation, septic organ
failure, and hepatic resection-induced hyperperfusion,
are associated with high rates of morbidity and
mortality. It is well known that HIRI involves several
2+
mechanisms, which include pH imbalance, Ca
overload, mitochondrial damage induced by oxygen
free radicals, endothelin (ET)/nitric oxide (NO) ratio
imbalance, liver microcirculation dysfunction, activation
of Kupffer cells and neutrophils, and the impact of
various cytokines. During IR, there are interactions
among liver cells, Kupffer cells, neutrophils, hepatic
sinusoidal endothelial cells, and fat-storing cells.
[2]
Platelets and alexin are also involved . These activated
cells release a large quantity of proinflammatory
cytokine and lipid inflammatory factor, which can lead
to inflammatory reaction and cell apoptosis.
NO is an unstable carbon-centered radical with a
short half-life. There are two sources in organisms:
one is non-enzymstigenese derived from the de
gradation or transformation of inorganic nitrogen
chemicals in the body and food; and the other one is
enzymstigenese, in which NO is produced in a redox
reaction between L-arginine and oxygen molecules
by NO synthase (NOS) catalyzation. There are three

WJG|www.wjgnet.com

Increase of NO bioavailability involved in its protective
effect in HIRI

In addition to NO donors, an increase in NO bio
availability can also protect the liver from HIRI. Human
serum albumin (HSA) is a non-glycosylated protein, by
which a series of recombinants, and mannosylated-HSA
mutants (Man-rHSAs) are prepared; their triple mutant
(TM-rHSA) can be selectively delivered to the liver via
a mannose receptor on non-parenchymal liver cells,
which can effectively deliver NO to the liver and have a
[8]
significant inhibitory effect against HIRI .

NO downregulates the expression of the p53 gene and
decreases inflammatory chemokines

During IR, NO donors may decrease p53 gene ex
pression and the levels of IL-1 and TNF-α as well as
inhibit cell apoptosis to protect the heart, liver, lungs,
and kidneys from IR injury. Elevated NO levels can
inhibit p53 gene expression and decrease the production
of proinflammatory cytokines and chemokines, such
as intercellular adhesion molecule (ICAM), TNF-α, IL-1,
MIP-1, and MIP-2. In particular, lower levels of ICAM,
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Table 1 Roles of nitric oxide, endothelial nitric oxide synthase and inducible nitric oxide synthase in pharmacological protection
against hepatic ischemia reperfusion injury
Pretreatment

NO/iNOS/eNOS
levels

Animals

Experimental cells

Mechanism

Liver cell
necrosis and
liver damage

Ref.

L-arginine and HIRI

NO↑

Hepatocytes

O2-↓, NO2-/NO3- concentration↑

↓

[6]

L-NAME and HIRI

NO↓

Liver cells

NO2-/NO3- concentration↓

↑

[7]

Human serum albumin↑

NO↑

Liver parenchyma

Man-rHSAs↑

↓

[8]

SNAP and HIRI

NO↑

Male SpragueDawley rats
Male SpragueDawley rats
Rats underwent
HIRI
-

Vein endothelial cells

↓

[9,10]

Nitrite and hypoxia/
reoxygenation
L-arginine and HIRI

NO↑

↓

[13]

↓

[5]

L-arginine and HIRI
HIRI

ICAM, TNF-α, NF-κB, p38, ERK,
JNK, p53, caspase-3↓
Cytochrome oxidase, oxygen
radical↓
sGC, cGMP, PKG, PI3K, V-ATPase
↑, intracellular Na+, H+↓
TNF-α, IL-1β↓
Intracellular Na+, H+, PKC, Ca2+↑

↓
↓

[14,15]
[16,17]

PI3K/Akt/eNOS pathway

↓

[18]

Akt,AMPK↑

↓

[19]

↓

[20]

↓

[21]

↓

[22]

↓

[23]

↑

[24]

↓
↓

[25]
[26]

↓

[31]

rHuEPO and HIRI
Institut Georges Lopez-1
and HIRI
Adiponectin and HIRI

Various cell types

NO↑

Trachemys Acripta
elegans
-

NO↑
eNOS,NO↑

Rats
-

NO↑

Adult male SpragueDawley rats
Adult male SD rats

Liver cells
Bovine aortic
endothelial cells and
COS-7cells
Liver cells

eNOS↑

Liver cells

Liver cells

eNOS↑

Adult male Wistar
Hepatocytes
AMPK/eNOS pathway
rats
Heparin cofactor Ⅱ and
eNOS↑
Male heterozygote Vascular endothelial cell AMPK/eNOS signaling pathway
ischemia
HCⅡ-deficient mice
and male littermate
WT mice
Trimetazidine, IGL-1, and
eNOS,NO↑
Isolated perfused
Steatotic and nonHIF-1α, heme-oxygenase-1↑
HIRI
rats liver model
steatotic livers cells
Knockdown of AK139328
eNOS↑
Mice
Liver cells
p-eNOS, p-Akt, PGSK-3
and HIRI
↑,macrophage infiltration, NF-κB↓
Ad-eNOS and HIRI
eNOS↑
Male inbred
Liver cells
ATP↓, bax↑
C57BL/6 lean mice
Riboflavin and HIRI
eNOS,iNOS,NO↓
Mice
Liver
GSH↑
Rosmarinic acid and HIRI eNOS,iNOS,NO↓
Rats
Liver
eNOS excessive expression↓ NFκB activity, TNF-α and IL-1β gene
expression↓
Alpha lipoic acid and
iNOS,NO↓
Male Wistar strain
Hepatocytes
iNOS mRNA stability↓
HIRI
rats

-: No data; Man-rHSAs: Mannosylated-HSA mutants; HIRI: Hepatic ischemia reperfusion injury; IGL-1: Institut georges lopez-1; SNAP: S-nitroso-Nacetylpenicillamine; ICAM: Intercellular adhesion molecule; Akt: Protein kinase B; AMPK: Adenosine monophosphate-activated protein kinase; TNF-α:
Tumor necrosis factor-α; NF-κB: Nuclear factor-κ-gene binding; ERK: Extracellular regulated protein kinase; JNK: c-Jun N-terminal kinase; PI3K:
Phosphoinositide 3-kinase; V-ATPase: Vacuolar H+-ATPase; rHuEPO: Recombinant human erythropoietin; HIF-1α: Hypoxia inducible factor 1α; PGSK-3:
Phosphorylated glycogen synthase kinase 3; eNOS: Endothelial nitric oxide synthase; iNOS: Inducible nitric oxide synthase.

MIP-1, and MIP-2 are accompanied by less neutrophil
[9,10]
infiltration
. The application of ICAM-1 monoclonal
antibody 1A29F is likely to provide a more effective
[11]
treatment for primary grafted liver dysfunction . NO
can also reduce the level of TNF-α to inhibit NF-κB.
Decreased NF-κB can inhibit MAPKs, including p38,
ERK, and JNK. A reduced p38 level can lead to the
inhibition of caspase-3 and gene p53 expression. Thus,
the downregulation of p53, ERK and JNK results in
[9]
reduction of cell inflammation .

molecular mechanism of HIRI. It was found that
the initial liver injury is initiated by reactive oxygen
species, which cause direct cellular injury and also
activate a cascade of molecular mediators, leading to
microvascular changes, increased apoptosis, and acute
inflammatory changes with increased hepatocyte
necrosis. However, during the period of reperfusion,
some adaptive changes occur in order to reduce
[12]
HIRI . Exogenously administered NO donors can
inhibit the oxidation of mitochondrial cytochrome and
reduce ROS production. Excessive ROS is generated
in liver cells after its hypoxia/reoxygenation, which
causes protein oxidation and lipid peroxidation.
Hence, NO reduces ROS production by inhibiting

NO reduces ROS by inhibiting the mitochondrial
respiratory chain

Using transgenic knockout rats, Datta studied the
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[13]

mitochondrial respiratory chain complexes

.

ENOS/NO SIGNALING PATHWAYS
PARTICIPATE IN ANTI-HIRI ACTIVITY

NO activates sGC-GTP-cGMP signaling pathway to
reduce liver cell apoptosis

Akt-eNOS/NO pathway

NO derived from blood vessels can activate soluble
guanylyl cyclase (sGC), catalyzing guanosine tripho
sphate (GTP) to produce cyclic 3′, 5′ guanosine
monophosphate (cGMP). The protection of cGMPdependent protein kinase (PKG) activated by cGMP
results in the activation of PI3K and the phosphorylation
of p38 MAPK, leading to the activation of vacuolar
+
H -ATPases (V-ATPases), which lead to the extrusion
+
+
of [H ] ([H ]i) from the cytosol of hepatocytes into
the extracellular environment, thereby resulting
+
+
+
in inhibition of the H -driven Na /H exchanger
+
(NHE) and Na /HCO3 cotransporter (NHCT), with a
+
+
consequent reduction in [Na ] ([Na ]i) and protection
[5]
[11]
from hepatocyte death . Diao et al
observed
that NO plays an important protective role in organ
preservation by supplementing sufficient NO donors to
enhance the NO/cGMP pathway.

PI3K is a heterodimer composed of the catalytic
subunit p10 and regulatory subunit p85, and is also a
lipid second messenger. PI3K can phosphorylate the
serine/threonine of its downstream signal kinase Akt,
which may further phosphorylate eNOS to promote an
increase in endogenous NO generation. The protective
effect of rHuEPO in IR injury is mediated via the
activation of the PI3K/AKT/eNOS signaling pathway, at
least in part, by increasing p-AKT and p-eNOS, which
[18]
leads to the maintenance of an elevated level of NO .
It has been reported that IGL-1 solution results in
better liver preservation and protection against HIRI by
activating Akt and AMPK, which are concomitant with
[19]
increased eNOS expression and nitrite/nitrate levels .

AMPK-eNOS/NO pathway

Zhang C reported that adiponectin (APN) can protect
the liver from HIRI by reducing the inflammatory
reaction and hepatocyte apoptosis, the process that
[20]
likely involves the AMPK/eNOS pathway . In addition,
heparin cofactors II (HCII) potentiates hepatic vas
cular endothelial cell activity and the promotion of
angiogenesis via an AMPK/eNOS signaling pathway to
[21]
decrease vascular injury .

NO regulates hepatic immune function

NO is also an important effector molecule that is
involved in immune regulation and host innate and
acquired immunity. NO inhibits proinflammatory
cytokines, including TNF-α, IL-1β, IL-1α, and IL-12,
which may induce the inflammatory cascade during
HIRI. In addition, NO can decrease the number of T
helper 1 (Th1) cells and promote the proliferation of
Th2 cells, regulate leukocyte adhesion, and induce the
[14,15]
generation of T regulatory (Treg) cells
.
It has also been reported that excessive NO may
paradoxically damage liver tissue by forming nitrogen
peroxide, indicating that the dose of exogenous NO
donors is vital to HIRI therapy.

HIF-1α -eNOS/NO pathway

Adding trimetazidine, an anti-ischemia drug, to
IGL-1 induces NO and eNOS activation. In normoxic
reperfusion, the presence of NO favors hypoxiainducible factor-1α (HIF-1α) accumulation, and
also promotes the activation of other cytoprotective
genes to reduce HIRI, such as heme-oxygenase-1.
In addition, NO could reduce HIRI via the HIF-1α/NO
[22]
pathway .

ENOS CONTRIBUTES TO PROTECTIVE
FUNCTIONS AGAINST HIRI

Other new pathways

Deregulated long noncoding RNA (LncRNAs) AK139328
is involved in HIRI. In the IR liver, the knockdown of
AK139328 increases survival-signaling proteins including
phosphorylated Akt (pAkt), glycogen synthase kinase 3
(pGSK3), and endothelial nitric oxide synthase (peNOS).
Furthermore, the knockdown of AK139328 also reduces
macrophage infiltration and inhibits NF-κB activity and
[23]
inflammatory cytokine expression . This could provide
some new options for the diagnosis and treatment of
liver diseases, such as surgery or transplantation.

ENOS activation increases NO levels
2+

Intracellular Ca levels are the key factors that
+
2+
activate eNOS. During HIRI, Na /Ca exchange protein
on the cell membrane is activated directly or indirectly
+
+
by the high concentration of Na , H , and PKC, leading
2+
to an increase in intracellular Ca . Furthermore, with
2+
the liver cell membrane structure damaged, Ca
transports into the cellular membrane increased, and
the endoplasmic reticulum and sarcoplasmic reticulum
are also destroyed, which inhibits the function of
2+
the calcium pump to elevate the intracellular Ca
2+
concentration. Meanwhile, stored intracellular Ca is
released. All these may lead to a higher intracellular
2+
Ca concentration, which activates eNOS to produce
[16,17]
more NO
. The basic low-dose NO catalyzed by
eNOS could mitigate the hepatic microcirculation
pressure caused by reperfusion.
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Inhibition of eNOS overexpression to protect HIRI

The most current evidence supports the idea that the
overexpression of eNOS is detrimental in the setting
[24]
of hepatic IR . Sanches SC found that during HIRI,
the riboflavin infusion partially recovered hepatic GSH
reserves and decreased eNOS/iNOS and NO levels in
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the liver, and that riboflavin could have antioxidant
and anti-inflammatory effects in the ischemic liver,
[25]
protecting hepatocytes against IR injury .
Rosmarinic acid, which is a kind of water-soluble
phenolic acid compound and a natural antioxidant,
has many biological functions, such as antibacterial,
antiviral, and anti-inflammatory effects, prevention of
high calcium concentrations in the cell, and regulation
of immune function. Also, it could inhibit eNOS
overexpression in the liver, decrease eNOS/iNOS and
NO levels in the liver, attenuate NF-κB activation,
downregulate TNF-α and IL-1β gene expression, and
exert anti-inflammatory and antioxidant effects in the
ischemic liver, thereby protecting hepatocytes against
[26]
IRI .

of proinflammatory cytokines and chemokines, reduce
ROS by inhibiting the mitochondrial respiratory chain,
participate in hepatic immune modulation, inhibit the
inflammatory cascade, and exhibit anti-inflammatory
properties. In addition, as the first messenger, NO
+
activated the NO/cGMP pathway to inhibit [Na ]i
from entering the cells, thereby helping to maintain
hepatic cell integrity. Conversely, excessive NO in
serum can aggravate liver injury. Elevating NO levels
appropriately, such as by applying exogenous NO
donors or increasing NO availability in the liver, may
be a good way to prevent and treat HIRI. There are
two ways to activate eNOS which can promote an
increase in endogenous NO generation to protect liver
2+
tissue from HIRI. One is elevating Ca levels in cells
or phosphorylating the active site of eNOS gene, and
the other is knocking out gene AK139328. Both can
protect the liver from HIRI. But excessive NO levels
derived from eNOS are detrimental to the liver. iNOS
has a synergistic effect with some inflammatory
mediators, which cause cellular swelling and apoptosis.
Excessive NO derived from iNOS plays a protective role
in the late period of HIRI. Thus, adverse effects of NO
should be avoided, and its positive effects in the clinical
treatment of diseases associated with HIRI should be
recognized.

ROLE OF INOS IN HIRI
During sudden hepatic ischemic stress, upregulated
iNOS in the liver produces a large quantity of NO as a
response. However, up-regulating the expressions of
[7]
iNOS gene and protein requires time .

iNOS aggravates HIRI

Some evidence suggests that eNOS can lead to
“dysfunction” during oxidative stress, so production
of a large amount of NO against IRI appears to be
[27,28]
necessary for the expression of iNOS
. Hu et
[29]
al
discovered that while the expression of iNOS
mRNA peaked 3 h after hepatic reperfusion, the
highest protein level appeared after 6 h. After 4 h of
reperfusion, the increased iNOS mRNA transcription
did not result in increased NO production, and this lack
of increase may be linked to different degrees of tissue
[30]
damage .
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Abstract
AIM
To investigate the effects of berberine on esophageal
cancer (EC) cells and its molecular mechanisms.

Institutional review board statement: This study was reviewed
and approved by the First Affiliated Hospital of Xinxiang Medical
University Institutional Review Board.

METHODS
Human esophageal squamous cell carcinoma cell line
KYSE-70 and esophageal adenocarcinoma cell line SKGT4
were used. The effects of berberine on cell proliferation
were evaluated using the 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) assay. For cell
cycle progression, KYSE-70 cells were stained with
propidium iodide (PI) staining buffer (10 mg/mL PI and
100 mg/mL RNase A) for 30 min and cell cycle was
analyzed using a BD FACSCalibur flow cytometer. For
apoptosis assay, cells were stained with an Annexin
V-FITC/PI apoptosis detection kit. The rate of apoptotic
cells was analyzed using a dual laser flow cytometer and
estimated using BD ModFit software. Levels of proteins
related to cell cycle and apoptosis were examined by
western blotting.
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RESULTS
Berberine treatment resulted in growth inhibition of
KYSE-70 and SKGT4 cells in a dose-dependent and
time-dependent manner. KYSE-70 cells were more
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adenocarcinoma (EAC). More than 90% of EC in China
is ESCC. Although advances have been achieved in
surgery and chemotherapy, the 5-year survival rate
[3]
of EC in China is only 19.9% . Esophagostomy is so
far the only potentially curative approach for EC, but
many patients are at an advanced stage of disease
during initial diagnosis, thus ruling them out from
surgery. Therefore, there is a critical need to develop
alternative and novel approaches in EC therapy.
Berberine is a quaternary ammonium salt derived
from Ranunculaceae and Papaveraceae families of
plants. Apart from a broad range of bioactivities, such
as anti-inflammatory, antibacterial and antidiabetic
actions, accumulating studies have revealed that
berberine exhibits antitumor properties by interfering
with the multiple features of tumorigenesis and tumor
[4]
development . The antitumor activity of berberine is
mainly mediated through the inhibition of cancer cell
proliferation by inducing cell cycle arrest at the G1 or
[5,6]
G2/M phases and initiation of apoptosis . Previous
studies have reported that berberine inhibits the
phosphatidylinositol 3-kinase (PI3K)/Akt /mammalian
[7,8]
target of rapamycin (mTOR)
signaling cascades
to inhibit cell proliferation in various cell lines derived
[9-12]
from breast, lung, colon and liver cancer
. Berberine
also activates AMP-activated protein kinase (AMPK), a
major regulator of metabolic pathways, subsequently
[12,13]
inhibiting mTOR, a downstream target of AMPK
.
Although berberine possesses numerous anticancer
activities in various cells, the effect of berberine on
EC growth and its mechanism of action have not yet
been fully elucidated. In this study, we reported that
berberine inhibited EC cell growth by promoting cell
cycle arrest at G2/M phase as well as apoptosis. The
Akt, mTOR/p70S6K and AMPK signaling pathways
were involved in the antitumor activity of berberine on
EC.

susceptible to the inhibitory activities of berberine
than SKGT4 cells were. In KYSE-70 cells treated with
50 μmol/L berberine for 48 h, the number of cells in
G2/M phase (25.94% ± 5.01%) was significantly higher
than that in the control group (9.77% ± 1.28%, P <
0.01), and berberine treatment resulted in p21 upregulation in KYSE-70 cells. Flow cytometric analyses
showed that berberine significantly augmented the
KYSE-70 apoptotic population at 12 and 24 h posttreatment, when compared with control cells (0.83% vs
43.78% at 12 h, P < 0.05; 0.15% vs 81.86% at 24 h,
P < 0.01), and berberine-induced apoptotic effect was
stronger at 24 h compared with 12 h. Western blotting
showed that berberine inhibited the phosphorylation of
Akt, mammalian target of rapamycin and p70S6K, and
enhanced AMP-activated protein kinase phosphorylation
in a sustained manner.
CONCLUSION
Berberine is an inhibitor of human EC cell growth
and could be considered as a potential drug for the
treatment of EC patients.
Key words: Berberine; Esophageal cancer; Antitumor
activity; Proliferation; Cell cycle; Apoptosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Initial diagnosis of many esophageal cancer
(EC) patients is made at an advanced stage of the
disease, making surgery an undesirable option.
Although advances in chemotherapy have been
achieved, serious adverse effects usually limit clinical
application. Exploring non-invasive strategies to
prevent the growth of EC is urgently needed. The
current research showed that berberine is an inhibitor
of human EC cell growth and could be considered as
a potential source of drugs for the treatment of EC
patients.

MATERIALS AND METHODS
Jiang SX, Qi B, Yao WJ, Gu CW, Wei XF, Zhao Y, Liu YZ, Zhao
BS. Berberine displays antitumor activity in esophageal cancer
cells in vitro. World J Gastroenterol 2017; 23(14): 2511-2518
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i14/2511.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i14.2511

Reagents

Berberine hydrochloride was obtained from Ye-Yuan
(Shanghai, China). 3-(4,5-dimethylthia-zol-2-yl)-2,5diphenyl-tetrazolium bromide (MTT), propidium iodide
(PI) cell cycle assay kit, Annexin V-FITC/PI apoptosis
detection kit and western blot analysis ECL were
purchased from Beyotime (Jiangsu, China). RPMI 1640
and fetal bovine serum (FBS) were obtained from
Thermo Fisher Scientific (Waltham, MA, United States).
All primary antibodies, including against p21, Akt,
p-Akt (Ser473), mTOR, p-mTOR (Ser2448), p70S6K,
p-p70S6K (Thr389), AMPK, p-AMPK (Thr172) and
β-actin, were from Cell Signaling Technology (Danvers,
MA, United States). All other common chemicals and
buffers were from Boster (Wuhan, China).

INTRODUCTION
Esophageal cancer (EC) is the sixth most common
malignant gastrointestinal carcinoma worldwide.
More than 50% of the global incidence of EC is in
[1]
China . A report published in 2016 shows that there
are an 477900 and 375000 estimated new EC cases
[2]
and deaths, respectively, in China . Histologically,
EC is divided into two major types: esophageal
squamous cell carcinoma (ESCC) and esophageal
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Figure 1 Effects of berberine on viability of esophageal cancer cells. A, B: KYSE-70 (A) and SKG4 (B) cells were treated with berberine (0, 20, 40, 60 and
80 mmol/L) for 12, 24 and 48 h and the number of viable cells was measured by MTT assay. Data are expressed as mean ± SD of three experiments. aP < 0.05 vs
controls.

Western blot analysis

SKGT4 were purchased from Kebai Technology
(Nanjing, China). The culture medium for both cell
lines was RPMI 1640 supplemented with 10% FBS,
100 U/mL penicillin and 100 μg/mL streptomycin. The
cells were incubated in a humidified atmosphere with
5% CO2 at 37 ℃.

Cell lysates were prepared with RIPA lysis buffer
(50 mM Tris-HCl, 150 mmol/L NaCl, 0.1% SDS,
1% NP40, 0.5% sodium deoxycholate, 1 mmol/L
phenylmethylsulfonyl fluoride, 100 μmol/L leupeptin,
and 2 μg/mL aprotinin, pH 8.0). Protein extract (20
μg) was subjected to SDS-PAGE and transferred onto
nitrocellulose membranes (Amersham Biosciences,
Piscataway, NJ, United States). After blocking with
5% nonfat dry milk, membranes were incubated at
4 ℃ overnight with each of the following primary
antibodies: p21, pAKT (Ser473), AKT, p-mTOR
(Ser2448), mTOR, pp70S6K (Thr389), p70S6K,
p-AMPK (Thr172), AMPK (all 1:1000 dilution) and
β-actin. Membranes were washed with phosphate
buffered saline plus Tween (PBST) buffer and incubated
with horseradish peroxidase-conjugated secondary
antibodies. After incubation, the membranes were
washed three times with PBST and immersed in a
SuperSignal West Pico Chemiluminescent Substrate
from the detection kit (Thermo Fisher Scientific).
Chemiluminescent detection of western blots was
performed using an Amersham Imager 600 System
(GE Healthcare Bio-Sciences, Pittsburgh, PA, United
States).

Cell viability assay

Cell viability was measured by MTT assay. KYSE-70
4
(10 /well) and SKGT4 (5000/well) were seeded in
96-well culture plates and incubated overnight at 37 ℃
in a humidified 5% CO2 incubator. On the following
day, cells were treated with berberine hydrochloride
at indicated concentrations for indicated durations.
Then, 10 μL MTT dye was added to each well at a final
concentration of 5 mg/mL. For an additional 4 h after
incubation, blue MTT formazan crystals were dissolved
in 100 μL/well of DMSO. The absorbance at 562 nm
was measured on a Multiskan Spectrum microplate
reader (Thermo Fisher Scientific). Cell viability was
calculated by dividing the OD of samples by the OD of
the control group. All experiments were repeated three
times.

Flow cytometric analyses of cell cycle and apoptosis
4

KYSE-70 cells (8 × 10 /well) were seeded in sixwell plates in complete culture medium. After
incubating for 12 h, cells were treated with berberine
hydrochloride (50 μmol/L). Cells were harvested
separately at 12 and 24 h later, and immediately
fixed with 75% ethanol. For the cell cycle progression
analysis, cells were stained with PI staining buffer
(10 mg/mL PI and 100 mg/mL RNase A) for 30 min,
and fluorescence intensity was measured by BD
FACSCalibur (BD Biosciences, San Jose, CA, United
States). For apoptosis analysis, cells were stained with
the Annexin V-FITC/PI apoptosis detection kit. The rate
of apoptotic cells was analyzed using a dual laser flow
cytometer and estimated using the ModFit software (BD
Biosciences).

WJG|www.wjgnet.com

Statistical analysis

Data were analyzed using Student’s t-test, and all data
were expressed as mean ± SE of the mean. P < 0.05
was considered statistically significant.

RESULTS
Growth suppressive effect of berberine on human EC
cells

To examine the biological consequences of berberine,
we first examined its effect on the proliferation of
ESCC and EAC cells. We observed that berberine
significantly suppressed KYSE-70 proliferation after
treatment with different concentrations (20, 40, 60
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Figure 2 Berberine treatment induced cell cycle arrest in G2/M phase. A: Flow cytometry analysis of proliferating KYSE-70 cells at 48 h after administration of 50
µmol/L berberine; B: Relative percentages of berberine-treated cells to control cells in different cell cycle phases are shown as the mean ± SE of three independent
experiments. aP < 0.05 vs controls; C: Protein expression level of p21 in KYSE-70 cells was examined after berberine administration at 6, 12 and 24 h.

and 80 μmol/L) at all tested time points (12, 24 and 48
h) (Figure 1A). Berberine had significantly suppressive
effects on SKGT4 cell proliferation when tested at 24
and 48 h after treatment with berberine at 20, 40, 60
or 80 μmol/L. At the 12-h time point, berberine did not
significantly inhibit SKGT4 cell proliferation until the
concentration reached 80 μmol/L (Figure 1B). Upon
comparison of the proliferation inhibitory effects of
berberine against the two cell lines, KYSE-70 was more
sensitive than SKGT4 to the dose-dependent and timedependent suppressive effects of berberine. Therefore,
we focused further on KYSE-70 cells in the following
experiments.

G2/M phase arrest, Western blot analysis was used
to determine the expression of p21; a key cell cycle
negatively regulated protein. As shown in Figure 2C,
after application of berberine at 50 μmol/L for 24 h,
p21 level was increased. This indicates that berberineinduced cell cycle arrest at G2/M phase in KYSE-70
cells is mediated through p21 down-regulation.

Apoptotic effect of berberine on EC cells

To evaluate whether the antiproliferative activity of
berberine was related to its apoptotic effect, KYSE-70
cells were treated with 50 μmol/L berberine, and
flow cytometric analyses were performed by double
staining with Annexin-V FITC/PI. As shown in Figure
3, berberine significantly increased KYSE-70 cell
apoptosis (0.15% vs 43.73% at 12 h, P < 0.05; 0.83%
vs 81.86% at 24 h, P < 0.05). We next evaluated
the effect of berberine on KYSE-70 cell morphology.
Phase contrast imaging (Figure 4) showed that
untreated control KYSE-70 cells were epithelial-like
adherent cells, with a flat and polygonal shape, that
grew homogeneously and showed strong refraction.
When treated with berberine, the cells showed
reduced refraction and shrunk to a round shape.
The treated cells grew in a scattered way, resulting
in loss of intercellular conjunction. Consistent with
the data in Figure 1, phase contrast imaging showed

Cell cycle arrest effect of berberine on human EC cells

To clarify whether impairment of cell cycle involved
in the reduction of KYSE-70 growth was induced by
berberine, KYSE-70 cells were treated with 50 μmol/L
berberine for 48 h, stained with PI, and subjected to
cell cycle progression analysis using flow cytometry.
As shown in Figure 2A and B, when compared with
the controls, it is evident that the fraction of G2/M
cells was increased after berberine treatment (9.77%
vs 25.94%, P < 0.01), whereas in parallel, we did
not observe significant changes in cell numbers in
G0/G1 phase (54.06% vs 51.06%). To explore further
the molecular signals involved in berberine-induced
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Figure 3 Berberine promotes apoptosis in KYSE-70 cells. A: KYSE-70 cells were treated with 50 μmol/L berberine for 12 and 24 h. Apoptotic rates were
measured using flow cytometry; B: Apoptotic cell values are expressed as mean ± SE of three experiments. aP < 0.05, bP < 0.01 vs controls.
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Figure 4 Berberine treatment induced morphological changes of KYSE-70 cells. Control cells and 50 µmol/L berberine-treated cells were observed under a
phase contrast microscope at 12, 24 and 48 h after treatment. Bar represents all images equal to 200 µmol/L.

western blot analyses were performed to examine the
phosphorylation levels of these signaling molecules.
Cells were treated with 50 μmol/L berberine for 6, 12
or 24 h, in comparison with control cells at each time
point. Berberine markedly reduced phosphorylation
of Akt at Ser473, mTOR at Ser2448 and p70S6K at
Thr389, starting as early as 6 h after treatment and
sustaining a reduced level for 24 h. Berberine clearly
enhanced AMPK phosphorylation at Thr172 after 6 h
treatment, and maintained increasing levels for 24

that berberine suppressed proliferation and promoted
apoptosis.

Berberine inhibited cell proliferation through Akt/mTOR/
p70S6k and AMPK signaling pathways

Previous studies have indicated that inhibiting Akt/
mTOR/p70S6K signaling and activating AMPK contribute
[9,14]
to berberine-induced loss of cell viability
. To address
whether these signaling molecules are related to the
biological consequences of berberine in KYSE-70 cells,
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be considered as a potential source of drugs for the
treatment of EC patients.
Cell cycle arrest and apoptosis are closely linked
[17]
to cell proliferation in mammalian cells . The major
regulatory mechanism of cell growth, the cell cycle
dictates the timing of DNA synthesis, and is divided
into four distinct phases: M phase (chromosome
segregation and mitosis), G1 phase (before DNA
replication), S phase (DNA replication) and G2 phase
(before mitosis). The cell cycle process includes
mechanisms to warrant error amendment, and if not,
the cells commit apoptosis, which is one of the most
important contributors to the suppression of malignant
transformation and elimination of tumors. Control of
cell numbers is determined by a complicated balance
of cell proliferation and death.
Previous studies have shown that berberine in
duces cell cycle arrest in various human cancer
[5,6]
cells . To determine whether berberine prompts cell
cycle arrest of KYSE-70 cells, the cell cycle distribution
was analyzed by flow cytometry after application of
berberine. Our results demonstrated that berberine
significantly blocked KYSE-70 cells at the G2/M phase
of the cell cycle, suggesting that berberine inhibits
KYSE-70 cell proliferation by inducing G2/M cell cycle
arrest. These data are in agreement with previous
studies in human breast cancer cells and liver cancer
[6,11]
cells
. Appropriate control over cell cycle progression
depends on many factors, such as cyclin-dependent
kinase inhibitor p21 facilitating cell cycle arrest in
response to a variety of stimuli. Our results showed
that berberine augmented p21 level in KYSE-70 cells,
indicating that berberine-induced cell cycle arrest in
G2/M phase may be through regulation of cell cycle
protein p21.
The PI3K/Akt/mTOR signaling pathway plays
a crucial role in controlling cell proliferation and
[18]
apoptosis . Constitutive activation of this pathway
is considered to be important in cell growth and
[19]
homeostasis . Specifically, activated mTOR directly
phosphorylates many downstream targets including
[20]
p70S6K to promote protein synthesis . As a major
regulator of cellular energy metabolism, AMPK is
[20,21]
a negative regulator of the mTOR pathway
.
Berberine regulation of cell proliferation and survival
has been shown to involve Akt, mTOR/p70S6K and
[10-12]
AMPK signaling pathways
. Our results showed
that berberine treatment inhibited the phosphorylation
of Akt and mTOR, as well as mTOR downstream target
p70S6K, but enhanced the phosphorylation of AMPK. A
previous study reported that, in breast cells, berberine
transiently activated AMPK and inhibited AKT, but did
[22]
not inhibit mTOR activity . Our results showed that
treatment with berberine induced sustained alterations
(6-24 h) of increased levels of AKT and mTOR
phosphorylation in KYSE-70 cells or increased level of
AMPK phosphorylation in KYSE-70 cells. These results
suggest that berberine alters Akt, mTOR and AMPK

24 h
+

-

+

Berberine (50 mmol/L)
p-Akt (Ser473)
Akt
p-mTOR (Ser2488)
mTOR
p-p70S6K (Thr389)
p70S6K
p-AMPK (Thr172)
AMPK
b-actin

Figure 5 Effects of berberine on AMPK and AKT/mTOR/p70S6K activities.
KYSE-70 cells were treated with 50 µmol/L berberine for 6, 12 and 24 h, and
protein expressions of p-AKT, AKT, p-mTOR, mTOR, p-p70S6K, p70S6K,
p-AMPK and AMPK were analyzed by western blotting.

h after treatment. These data suggest that inhibition
of Akt-mTOR/p70S6K and activation of AMPK are
important targets of berberine activity (Figure 5).

DISCUSSION
The low survival rate of EC patients is associated with
poor prognosis of the disease and advanced stage at
initial diagnosis, thus making surgery an undesirable
option. Although advances have been achieved in
chemotherapy, the serious adverse effects usually
[14]
limit clinical application . Therefore, there is a critical
need to develop non-invasive strategies to confine the
growth or prevent the occurrence of EC.
Compounds derived from plants have been identified
as an important source of anticancer therapies and
have played a vital role in the prevention and treatment
of cancer because of their availability and low toxicity
[15,16]
when compared with chemotherapy
. A compound
derived from an alkaloid-containing plant, berberine,
has been shown to possess numerous anticancer
activities in various cells by interfering with the multiple
[9-12]
aspects of tumorigenesis and tumor progression
.
Despite this, it has remained unconfirmed whether
berberine exerts an antitumor effect against EC. In
the present study, we found that berberine induced
strong growth inhibition of the human ESCC cell line
KYSE-70 and EAC cell line SKGT4 in a dose-dependent
and time-dependent manner. KYSE-70 cells were more
susceptible than SKGT4 cells to the inhibitory effects
of berberine. Our findings indicate that berberine is
a potent inhibitor of human EC cell growth and could
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activity in an individual cell-dependent manner.
In conclusion, it is suggested that berberine inhibits
EC cell growth by promoting cell cycle arrest at G2
phase and the apoptotic process. The Akt, mTOR/
p70S6K and AMPK signaling pathways are involved
in the antitumor activity of berberine on EC. We have
shown that berberine is an inhibitor of human EC cell
growth and could be considered as a potential source
of drugs for the treatment of EC patients.
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Background

The initial diagnosis of many esophageal cancer (EC) patients is at an
advanced stage, making surgery an undesirable option. Although advances
have been achieved in chemotherapy, serious adverse effects usually limit
its clinical application. Therefore, there is an urgent need to find non-invasive
strategies to confine the growth or prevent the occurrence of EC. Berberine,
a compound derived from an alkaloid-containing plant, has been shown to
possess numerous anticancer activities in various cells by interfering with the
multiple aspects of tumorigenesis and tumor progression. Despite this, it has
remained unconfirmed whether berberine exerts antitumor effects against EC.
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Research frontiers

Accumulating studies have revealed that berberine exhibits antitumor activity by
interfering with the multiple features of tumorigenesis and tumor development.
12

Innovations and breakthroughs

This study revealed that berberine inhibited EC cell growth by promoting cell
cycle arrest at G2/M phase and the apoptosis process. Human esophageal
squamous cell carcinoma cells were more susceptible to the inhibitory activity
of berberine than human esophageal adenocarcinoma cells. Inhibition of Akt,
mTOR/p70S6K and activated AMPK signaling pathways was involved in the
antitumor activity of berberine on EC.
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Terminology

Berberine is a quaternary ammonium salt derived from Ranunculaceae and
Papaveraceae families of plants. Apart from a broad range of bioactivities that
includes anti-inflammatory, antibacterial and antidiabetic activity, berberine has
been shown to have antitumor activity, which it exerts by interfering with the
multiple features of tumorigenesis and tumor development.
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EC is still a cancer with poor prognosis. The testing of chemosensitivity
of cancer cells in the esophagus to berberine is important. This enables
classification of the condition for selected patients with esophageal cancer to be
treated. Berberine can provide treatment options for adjuvant or preoperative
treatment.
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AIM
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METHODS
Three-hundred and twelve patients with previously
untreated clinical T2-4 gastric cancer who underwent
a D2 standard gastrectomy (distal gastrectomy or
total gastrectomy) were included in the analysis.
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Correlations between 21 parameters that can be
determined by preoperative routine blood tests and
clinically relevant postoperative complications (grade Ⅱ
or higher according to the Clavien-Dindo classification)
were evaluated. The optimal cutoff values and clinical
significance of the selected markers were further
evaluated by subgroup analyses according to age, body
mass index, operative procedure and clinical disease
stage.

v23/i14/2519.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i14.2519

INTRODUCTION
Gastrectomy with systemic lymphadenectomy is the
mainstay of treatment for resectable gastric cancer
[1,2]
(GC)
. Despite advances in surgical techniques
and devices, some patients who undergo the proce
dure experience clinically relevant postoperative
complications, such as anastomotic leakage and
intraabdominal abscess, leading to a protracted
recovery period, delayed administration of adjuvant
[3,4]
chemotherapy and impaired quality of life . Risk
management is an increasingly important healthcare
issue. Developing a prediction tool based exclusively
on preoperatively determined factors to identify
patients most at risk of postoperative complications
enables surgeons to provide appropriate informed
consent information and perioperative management,
[5,6]
ultimately minimizing the medical cost burden .
Increasing evidence indicates that multiple factors
influence local infection control and the process of
[7]
wound healing . Accordingly, numerous reports on
predictive factors for postoperative complications,
including inflammatory, immunological, nutritional,
coagulation and organ functional indicators, have
[8-11]
been published
. However, limited information from
cross-comparisons of these factors is available for
patients who undergo a D2 gastrectomy for GC.
The aim of the present study was to compare the
predictive values for postoperative complications after
gastrectomy among candidate preoperative factors
based on routinely obtained laboratory data. After
the factor that demonstrated the highest predictive
value was determined, the optimal cutoff value and its
clinical significance were evaluated.

RESULTS
Sixty-six patients (21.1%) experienced grade Ⅱ or
higher postoperative complications. The plateletlymphocyte ratio (PLR, total lymphocyte count/platelet
count × 100) exhibited the highest area under the curve
value (0.639) for predicting postoperative complications
among the 21 parameters, and the optimal cutoff
value was determined to be 0.71 (sensitivity = 70%,
specificity = 56%). In the univariate analysis, the odds
ratio of a low PLR for the occurrence of postoperative
complications was 2.94 (95%CI: 1.66-5.35, P < 0.001),
and a multivariate binomial logistic analysis involving
other potential risk factors identified a low PLR as an
independent risk factor for postoperative complications
(OR = 3.32, 95%CI: 1.82-6.25, P < 0.001). In
subgroups classified according to age, body mass
index, operative procedure and clinical disease stage,
the low PLR group exhibited an increased incidence of
postoperative complications.
CONCLUSION
The preoperative PLR is a simple and useful predictor
of complications after curative gastrectomy in patients
with clinical T2-4 gastric cancer.
Key words: gastric cancer; gastrectomy; plateletlymphocyte ratio; postoperative complication; prediction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prediction of postoperative complications
is important for providing appropriate perioperative
management. In the present study, the predictive
values for postoperative complications after gastrectomy
with systemic lymphadenectomy for gastric cancer
were compared among candidate preoperative factors
to identify a simple and sensitive marker. Our results
indicated that the preoperative platelet-lymphocyte
ratio is a simple and useful predictor for complications
after curative gastrectomy in patients with gastric
cancer.

MATERIALS AND METHODS
Ethics

This study conforms to the ethical guidelines of the
World Medical Association Declaration of Helsinki
- Ethical Principles for Medical Research Involving
Human Subjects, and written informed consent for
surgery and the use of clinical data were obtained from
all patients as required by the Institutional Review
Board of Nagoya University.

Patients, surgical procedure and perioperative treatment

A total of 1194 patients underwent a gastrectomy
for GC at the Department of Gastroenterological
Surgery, Nagoya University between 1999 and
2016. We retrospectively analyzed the data of 312
patients according to the following inclusion criteria:
no preoperative treatment; clinical T2-4 (advanced)
GC according to the TNM Classification of Malignant

Inaoka K, Kanda M, Uda H, Tanaka Y, Tanaka C, Kobayashi
D, Takami H, Iwata N, Hayashi M, Niwa Y, Yamada S, Fujii T,
Sugimoto H, Murotani K, Fujiwara M, Kodera Y. Clinical utility
of the platelet-lymphocyte ratio as a predictor of postoperative
complications after radical gastrectomy for clinical T2-4
gastric cancer. World J Gastroenterol 2017; 23(14): 2519-2526
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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[14]

to the Clavien-Dindo classification

Table 1 Demographic and preoperative clinical characteristics
of 312 patients
Variables

Study parameters

Blood tests were routinely performed two days before
surgery. Data were collected retrospectively from
the medical records focusing on five categories:
blood cell count, coagulation, nutrition, renal function
and inflammation. The parameters investigated
as candidate predictive factors for postoperative
complications, which can be rapidly measured in
every hospital, included the following: white blood cell
count, neutrophil count, total lymphocyte count (TLC),
hemoglobin concentration, platelet count, prothrombin
time, activated partial thromboplastin time, fibrinogen,
total protein, albumin, cholinesterase, total cholesterol,
urea nitrogen, creatinine and C-reactive protein (CRP).
In addition, some simple indices were employed as
candidate indicators: neutrophil-lymphocyte ratio (NLR
= neutrophil count/TLC), platelet-neutrophil ratio (PNR
= neutrophil count/platelet count × 100), plateletlymphocyte ratio (PLR = TLC/platelet count × 100),
Onodera’s PNI (PNI = 10 × albumin g/dL + 0.005 ×
3
TLC/mm ), Glasgow prognostic score (GPS) and the
[7,8,15]
modified GPS
.

Number of patients

Age, median (range)
Sex
Male
Female
Diabetes mellitus
Absent
Present
Cardiac comorbidities
Absent
Present
Pulmonary comorbidities
Absent
Present
Preoperative symptoms
Absent
Present
Preoperative body mass index, mean ± SD
Tumor location
Entire
Upper third
Middle third
Lower third
Tumor size (mm)
< 50
≥ 50
UICC cT factor
cT1
cT2
cT3
cT4
UICC cN factor
cN0
cN1
cN2
cN3
UICC clinical stage
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC

66 (20-96)
233
79
273
39
217
95
292
20
172
140
21.9 ± 3.2
8
68
120
116
176
136

Subgroup analyses

0
150
95
67

Subgroup analyses according to age, body mass index
(BMI), operative procedure and clinical disease stage
were performed to evaluate the correlations between
the selected predictive factors and the incidence of
clinically relevant postoperative complications.

157
93
53
9

Statistical analysis

A receiver operating characteristic (ROC) curve
analysis was employed to calculate the area under
the curve (AUC) and the sensitivity and specificity
of the indicated variables to predict postoperative
complications. The optimal cutoff value was de
[16]
termined using the Youden index . The qualitative
2
χ test and quantitative Mann-Whitney test were used
to compare the two groups. Multivariable analysis
was performed to identify independent risk factors
for postoperative complications using binomial logistic
analysis, and variables with a value of P < 0.05 were
included as covariates in the final model. All statistical
analyses were performed using JMP 10 software
(SAS Institute Inc., NC, United States). A statistically
significant difference was indicated by a P-value < 0.05.

98
71
69
55
14
5

UICC: Union for International Cancer Control.
th

[12]

Tumours, 7 Edition ; D2 gastrectomy (distal gas
trectomy or total gastrectomy) performed according to
[13]
the Japanese Gastric Cancer Treatment Guidelines ;
no combined resection of other organs except for the
spleen and gallbladder; R0 gastrectomy performed
and sufficient data for analysis. The choice of the
reconstruction method was at the surgeon’s discretion.
A first-generation cephem-based antibiotic was
administered immediately before surgery and every 3
h during surgery. Oral intake was routinely started on
postoperative day 1 if no obvious problems were found.
Percutaneous drainage or the replacement of drainage
tubes was performed when signs of inadequate drainage
were noted by computed tomography or ultrasound
scans. Clinically relevant postoperative complications
were defined as those of grade Ⅱ or higher according

WJG|www.wjgnet.com

.

RESULTS
Patient characteristics

The demographic and preoperative characteristics of the
312 patients are presented in Table 1. The median age
was 66 years, and the male-to female ratio was 233:79.
With respect to preoperative staging, 98, 71, 69, 55, 14
and 5 patients were classified as clinical TNM stagesⅠB,
ⅡA, ⅡB, ⅢA, ⅢB and ⅢC, respectively.
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Figure 1 Comparison of the predictive value of potential indicators. A: Area under the curve values of potential predictors; B: Predictive values of lymphocyte
count, platelet count and PLR for postoperative complications evaluated by receiver operating characteristic curve analysis. PLR: Platelet-lymphocyte ratio.

Comparison of predictive values among the candidate
parameters

PLR group were associated with increased prevalence
of pulmonary comorbidities, larger macroscopic tumor
size and more frequent postoperative complications
(Table 2). However, no significant differences were
observed between the two groups regarding age, sex,
preoperative BMI, clinical stage, type of gastrectomy,
operative time, intraoperative blood loss and number
of dissected lymph nodes (Table 2). In the univariate
analysis, the odds ratio of a low PLR for postoperative
complications was 2.94 (95%CI: 1.66-5.35, P <
0.001; Table 3). We next conducted a multivariable
binomial logistic analysis involving other potential
risk factors determined before surgery and found
that a low PLR was an independent risk factor for
postoperative complications (odds ratio 3.32, 95%CI:
1.82-6.25, P < 0.001) along with male sex and total
gastrectomy (Table 3). With respect to the types
of complications, the low PLR group exhibited an
increased prevalence of anastomotic leakage, leakage
of pancreatic fluids, intraabdominal abscess and bowel
obstruction compared to the high PLR group. However,
the differences were not statistically significant (Figure
2). By contrast, the incidence of cardiopulmonary
dysfunction was comparable between the two groups.

In total, 66 patients (21.1%) had grade Ⅱ or higher
postoperative complications. In terms of the types of
complications, the cumulative numbers of patients
who experienced anastomotic leakage, leakage of
pancreatic fluids, intraabdominal abscess and bowel
obstruction were 20 (6.4%), 12 (3.8%), 19 (6.1%)
and 6 (1.9%), respectively. When the AUC value,
which indicates the power to predict postoperative
complications, of the 21 parameters was analyzed,
the PLR demonstrated the highest AUC value (0.639)
(Figure 1A). This value was greater than the values
of the PLR components TLC (AUC 0.563) and platelet
count (AUC 0.615) (Figure 1B). The optimal cutoff
value for predicting complications using the PLR was
set at 0.71 (sensitivity = 70%, specificity = 56%)
(Figure 1B). The AUC values of NLR, PNR, PNI and
GPS were 0.566 (cutoff = 3.06), 0.574 (cutoff =
1.36), 0.608 (cutoff = 47.0) and 0.582 (cutoff = 1),
respectively (Figure 1A).

Predictive value of the PLR

The median PLR was 0.71 (range 0.23-3.97), which
is identical to the proposed cutoff. Using the cutoff
indicated by the ROC curve analysis, we further
evaluated the clinical significance of the PLR. Patients
were categorized into two groups, the high (n = 158)
and low (n = 154) PLR groups, using a PLR cutoff of 0.71.
Compared to the high PLR group, patients in the low
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Subgroup analyses

To further evaluate the clinical effect of the preoperative
PLR on the postoperative course, subgroup analyses
were conducted according to age (< 65 years or
≥ 65 years), preoperative BMI (< 22 or ≥ 22),
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increased incidence of postoperative complications for
all subgroup analyses (Figure 3).

Table 2 Comparison between two subgroups according to
the preoperative platelet-lymphocyte ratio
Variables

PLR < 0.71
(n = 154)

Age, median (range)
Sex
Male
Female
Diabetes mellitus
Absent
Present
Cardiac comorbidities
Absent
Present
Pulmonary comorbidities
Absent
Present
Preoperative symptoms
Absent
Present
Preoperative body mass index,
mean ± SD
Tumor location
Entire
Upper third
Middle third
Lower third
Tumor size (mm)
< 50
≥ 50
UICC cT factor
cT1
cT2
cT3
cT4
UICC cN factor
cN0
cN1
cN2
cN3
UICC clinical stage
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Operative procedure
Total gastrectomy
Distal gastrectomy
Splenectomy
Absent
Present
Dissected lymph nodes,
mean ± SD
Operative time (min),
mean ± SD
Estimated blood loss (mL),
median (range)
Postoperative complications
Absent
Present

PLR ≥ 0.71 P value
(n = 158)

66 (20-86)

66 (34-96)

112
42

121
37

140
14

133
25

106
48

111
47

149
5

143
15

84
70
21.6 ± 3.3

88
70
22.2 ± 3.1

3
32
57
62

5
36
63
54

78
76

98
60

0
69
49
36

0
81
46
31

75
51
24
4

82
42
29
5

45
37
32
31
7
2

53
34
37
24
7
3

52
102

57
101

128
26
37.6 ± 15.8

122
36
38.7 ± 18.0

0.823

233 ± 56

238 ± 74

0.720

237 (1-2350)

245 (8-4267)

0.491

108
46

138
20

DISCUSSION

0.661
0.434

The PLR, a combination of circulating platelet and
lymphocyte counts, is a representative index of
[9,17]
systemic inflammation and immune status
.
Accordingly, a decreased PLR value indicate both
systemic inflammation and compromised immune
reaction. Although preoperative systemic inflammation
has been reported as an underlying characteristic
that predisposes the host to postoperative infection,
[18]
only limited evidence is available . In this study, a
significant relationship between the preoperative PLR
and postoperative complications was demonstrated. The
PLR exhibited the highest AUC value for the incidence
of postoperative complications among the candidate
parameters obtained from routine preoperative blood
tests. A low preoperative PLR was identified as an
independent risk factor for postoperative complica
tions in the multivariable analysis. Moreover, a low
preoperative PLR was associated with an increased
incidence of postoperative complications independent
of age, BMI, operative procedure and disease stage,
indicating that the preoperative PLR is applicable to
various clinical settings.
The PLR can be determined in every hospital and
is the subject of interest as a marker of systemic
inflammation in various clinical circumstances. Several
reports indicate that the PLR can serve as a prognostic
[9,18]
factor for digestive malignancies
. Accumulating
evidence indicates that a systemic inflammatory
response could play an important role in the deve
lopment and progression of cancer. Inflammation
is closely related to different stages of tumor
development, including initiation, invasion, metastasis,
[7,8,10,19,20]
immune surveillance and responses to therapy
.
However, the clinical impact of the preoperative PLR
on postoperative short-term outcomes, particularly in
patients undergoing a gastrectomy, remains unclear.
Our results suggested that surgeons can provide
precise informed consent information and identify
high-risk patients to tailor perioperative care as an
attempt to ultimately improve postoperative short-term
outcomes for GC patients undergoing a gastrectomy
using this prediction tool. Recently, preoperative risk
calculation systems based on large-scale integrated
databases, such as the Surgical Risk Preoperative
Assessment System (SURPAS) and the Physiologic
and Operative Severity Score for the enUmeration
of Mortality and morbidity (POSSUM) model, have
[5,21]
been widely used in clinical practice
. Our data
suggest that the PLR could at least become a potential
constituent of integrated scoring systems for surgical
risk assessment.
The association between a decreased PLR and the
development of postoperative infectious complication

0.070

0.785

0.021

0.838

0.102
0.673

0.043

0.502

0.633

0.823

0.669

0.191

< 0.001

PLR: Platelet-lymphocyte ratio; UICC: Union for International Cancer
Control.

operative procedure (distal or total gastrectomy) and
clinical disease stage. The low PLR group exhibited an
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Table 3 Predictive factors for grade 2 or higher complications according to the Clavien-Dindo system: Univariate and multivariable
analyses
Variables

Univariate

Age (≥ 65 yr)
Gender (male)
Preoperative symptoms
Diabetes mellitus
Cardiac comorbidities
Pulmonary comorbidities
Body mass index (≥ 22)
Preoperative PLR (< 0.71)
Tumor location (lower third)
Macroscopic tumor size (> 50 mm)
UICC cT (cT4)
UICC cN (cN1-3)
Operative procedure (total gastrectomy)

Multivariable

Odds ratio

95%CI

P value

1.26
4.22
0.95
1.14
1.81
1.26
1.62
2.94
0.62
1.19
1.30
1.75
2.42

0.73-2.23
1.88-11.3
0.55-1.64
0.49-2.45
1.02-3.18
0.40-3.40
0.94-2.81
1.66-5.35
0.34-1.11
0.69-2.05
0.67-2.69
1.01-3.08
1.39-4.23

0.410
< 0.001
0.864
0.755
0.041
0.669
0.084
< 0.001
0.107
0.534
0.457
0.045
0.002

Odds ratio

95%CI

P value

4.17

1.78-11.5

< 0.001

1.55

0.83-2.87

0.166

3.32

1.82-6.25

< 0.001

1.69
2.43

0.93-3.08
1.35-4.43

0.083
< 0.001

Analyses were performed using binomial logistic analysis. PLR: Platelet-lymphocyte ratio; UICC: Union for International Cancer Control.

Incidence of postoperative
complications

10%

PLR < 0.71
PLR ≥ 0.71

8%
6%
4%
2%
0%
Anastmostic
Leakage of Intra-abdominal
leakage
pancreatic fluids
abscess

Bowel
Cardiopulmonary
obstruction
dysfunction

Others

Figure 2 Comparison of the prevalence of each complication type between the high and low platelet-lymphocyte ratio groups.

is likely complex and remains unclear. One plausible
explanation is that a decreased PLR may reflect
four disadvantages for the postoperative course
including an inflammatory status, immune disorders,
malnutrition and a tendency for micro-vessel throm
[10,18]
bosis
. A decreased PLR collectively reflects a
reduced TLC (compromised cell-mediated immunity
and malnutrition) and an increased platelet count
(inflammation and high thromphophilic diathesis).
Lymphocytopenia is associated with malnutrition and
[22-24]
cellular immunosuppression
. A pro-inflammatory
status leads to compromised cell-mediated im
munity and an impaired T-lymphocytic response via
[25]
cytokines . The ability of myeloid cells to synthesize
pro-inflammatory and anti-inflammatory mediators
[10,18]
is affected by their previous state
. Malnutrition
[11,15]
is a major cause of delayed wound healing
. A
decreased lymphocyte-mediated antibacterial immune
reaction may weaken the lymphocyte-mediated
antibacterial cellular immune response and contribute
[10,18]
to increasing bacterial invasion and growth
. The
platelet count is recognized as a marker of a systemic
inflammatory response and potential micro-vessel
[7,9,17]
thrombosis
. Formation of micro-vessel thrombosis

WJG|www.wjgnet.com

inhibits wound healing via the deterioration of blood
circulation in tissues. Eventually, the crosstalk of
these complex factors increases the incidence of
postoperative complications. In addition, our findings
raised two questions. First, why is the PLR was more
sensitive than the other indices, such as the PNI and
GPS? We hypothesize that the PLR is indicative of four
elements, including inflammatory status, immune
disorders, malnutrition and a tendency for microvessel thrombosis, and therefore it was more closely
associated with postoperative complications than other
indices. Another question is whether preoperative
modification of the PLR by anti-inflammatory treatment
and nutritional support reduces the adverse effects on
the postoperative clinical course. Further investigations
are needed to answer these questions.
The current study also had several limitations that
should not be ignored. This was a retrospective study
of a limited number of patients from a single institute.
Thus, our findings require validation by further largescale prospective studies. To further evaluate the
association of the PLR with the host inflammatory and
nutritional status, information on levels of cytokines
and rapid turnover proteins is required.
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P = 0.013

20%
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0%
< 65

C
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Operative procedure
50%

< 22
PLR < 0.71
PLR ≥ 0.71

D

P < 0.001

30%
20%
10%

P = 0.009

40%

P = 0.047

40%

≥ 22

Disease stage

Incidence of postoperative
complications

Incidence of postoperative
complications

P = 0.003

40%

P = 0.001

30%

PLR < 0.71
PLR ≥ 0.71

Body mass index

Incidence of postoperative
complications

Incidence of postoperative
complications

PLR < 0.71
PLR ≥ 0.71

Age

0%

PLR < 0.71
PLR ≥ 0.71

P = 0.007

30%

20%

10%

0%
Distal gastrectomy

Ⅰ

Total gastrectomy
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Ⅲ

Figure 3 Subgroup analyses. The morbidity rates were compared between the high and low PLR groups according to age (A), body mass index (B), operative
procedure (C) and clinical disease stage (D). Comparison of predictive value of potential indicators. PLR: Platelet-lymphocyte ratio.

Taken together, the results indicate that the
preoperative PLR is a simple and useful predictor of
postoperative complications in patients who undergo
a gastrectomy with systemic lymphadenectomy for
GC. In the future, the development of an integrated
risk stratification system using the PLR may facilitate
physicians’ decision-making and contribute to the
informed consent process before a gastrectomy.

Applications
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PLR is a simple and useful predictor of postoperative complications in patients
who undergo a gastrectomy with systemic lymphadenectomy for gastric cancer.
It may facilitate physicians’ decision-making and contribute to the informed
consent process before a gastrectomy.

Terminology

PLR is a platelet-lymphocyte ratio (total lymphocyte count/platelet count × 100)
and is a representative index of systemic inflammation and immune status.

This is an interesting, single center retrospective study on clinical utility of
preoperative predictors of postoperative complications for clinical T2-4 gastric
cancer. The authors made a high quality statistical analysis and found a new
statistical, easy, reproducible and overall available index, the PLR, to predict the
postoperative complications after radical gastrectomy for clinical T2-4 gastric
cancer.

Background

Patients undergoing a gastrectomy with systemic lymphadenectomy for gastric
cancer occasionally experience clinically relevant postoperative complications.
Development of a prediction tool based on preoperatively determined factors
would be helpful to identify individuals at risk of postoperative complications for
whom precise informed consent and tailored perioperative management could
be provided.
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Abstract
AIM
To investigate the relationship between the colors of
vegetables and fruits and the risk of colorectal cancer
in Korea.
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METHODS
A case-control study was conducted with 923 colorectal
cancer patients and 1846 controls recruited from
the National Cancer Center in Korea. We classified
vegetables and fruits into four groups according to
the color of their edible parts (e.g. , green, orange/
yellow, red/purple and white). Vegetable and fruit
intake level was classified by sex-specific tertile of the
control group. Logistic regression models were used
for estimating the odds ratios (OR) and their 95%
confidence intervals (CI).
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RESULTS
High total intake of vegetables and fruits was strongly
associated with a reduced risk of colorectal cancer in
women (OR = 0.32, 95%CI: 0.21-0.48 for highest vs
lowest tertile) and a similar inverse association was
observed for men (OR = 0.60, 95%CI: 0.45-0.79). In
the analysis of color groups, adjusted ORs (95%CI)
comparing the highest to the lowest of the vegetables
and fruits intake were 0.49 (0.36-0.65) for green, and
0.47 (0.35-0.63) for white vegetables and fruits in
men. An inverse association was also found in women
for green, red/purple and white vegetables and fruits.
However, in men, orange/yellow vegetables and fruits
(citrus fruits, carrot, pumpkin, peach, persimmon,
ginger) intake was linked to an increased risk of
colorectal cancer (OR = 1.61, 95%CI: 1.22-2.12).

fruits have been evaluated as a “limited-suggestive”
[8]
preventive factor . A recent meta-analysis of 15
cohort studies of vegetable and fruit intake and the risk
of colorectal cancer found that there was a small (8%)
reduction and a nonlinear inverse association between
colorectal cancer risk and the intake of vegetables
[9]
and fruits . The relationship between cruciferous
vegetables, citrus fruits, brassica vegetables, leafy
vegetables, root vegetables and total vegetables and
[10-15]
fruits consumption were not consistent
.
Phytochemicals from vegetables and fruits contain
many colorful and dark pigments, such as flavonoid
and polyphenols, and may be distinguished (in terms
of their various physiological effects and actions)
by their specific colors. A previous study suggested
classifying vegetables and fruits according to their
nutritional phytochemicals when providing guidelines
[16]
for the public . Pennington and Fish have classified 9
color groupings of vegetable and fruit subgroups based
on a consideration their unique nutritional values,
[17,18]
features and potential correlations
.
There have been studies of vegetable and fruit
[19]
classification, by color, for stroke , coronary heart
[20]
[15]
disease , and colorectal cancer . Our present casecontrol study, therefore, explored the association
between vegetables and fruits color groups and
colorectal cancer risk in the Korean population.

CONCLUSION
Vegetables and fruits intake from various color groups
may protect against colorectal cancer.
Key words: Vegetable and fruits; Colorectal cancer;
Korea
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although many studies have focused on the
associations between vegetable and fruit intake and
health, few studies have classified vegetables and fruits
by their colors, which reflect their unique contents of
phytochemicals and micronutrients. In the current study,
most color groups of vegetables and fruits showed
protective benefits against colorectal cancer regardless
of the anatomical subsites.

MATERIALS AND METHODS
Study subjects

The colorectal cancer cases were recruited from the
Center for Colorectal Cancer of the National Cancer
Center in Korea between August 2010 and August
2013. Among 1427 eligible patients, 1070 agreed
to participate in the study. Colorectal cancer cases
with incomplete semi-quantitative food frequency
questionnaire (SQFFQ) data (145 cases) and those
with implausible energy intakes below 500 Kcal/d or
above 4000 Kcal/d (2 cases) were excluded. Controls
were persons who received health screenings provided
by the National Health Insurance Corporation between
October 2007 and December 2014 at the same
institute. Among 14201 potential control participants,
individuals with incomplete SQFFQ (n = 5044) and with
implausible energy intakes (n = 120) were excluded.
Patients and eligible controls were matched in a 1:2
ratio according to their sex and 5 year age groups.
Ultimately, there were 923 cases and 1846 controls
whose data were used in the final analysis. All the
participants provided written informed consent, and
this study’s protocol was approved by the Institutional
review board of the National Cancer Center (IRB No.
NCCNCS-10-350 and No. NCC 2015-0202).

Lee J, Shin A, Oh JH, Kim J. Colors of vegetables and fruits
and the risks of colorectal cancer. World J Gastroenterol 2017;
23(14): 2527-2538 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i14/2527.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2527

INTRODUCTION
Vegetables and fruits contain nutrients such as
vitamins, minerals, folate, dietary fiber, plant sterols,
[1,2]
carotenoids and various phytochemicals
. These
nutrients may reduce mortality and prevent chronic
diseases, including various cancers, cardiovascular
diseases and even mental illnesses, through their
antitumor activity as well as their anti-obesity, anti
[1,3-7]
oxidant and anti-inflammatory agents
.
According to the latest research on the prevention
of colorectal cancer from the Continuous update
project of the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR), which
was published in 2011, non-starchy vegetables and
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Data collection

A trained dietitian performed questionnaire surveys
through face-to-face interviews. Information on
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Table 1 Classification of vegetables and fruits according to type and color group
Color group

1

Vegetables and fruits type

Green (23.2%)2

Orange/yellow
(17.5%)
Red/purple (19.0%)
White (40.3%)

Vegetables and fruits item

Dark green leafy vegetables (27.1%)3
Lettuces (10.6%)
Other green fruits and vegetables (62.3%)
Citrus fruits (57.5%)
Other orange/yellow fruits and vegetables (42.5%)
Berries (38.3%)
Other red fruits and vegetables (61.7%)
Allium family bulbs (15.1%)
Hard fruits (41.8%)
Cauliflower (13.4%)
Other white fruits and vegetables (29.7%)

Water dropwort, mugwort, crown daisy, spinach, perilla leaf, chicory,
kale, pumpkin leaf, leak beet
Lettuce
Melon, zucchini, green cucumber, green pepper, cabbages, broccoli, celery
Citrus fruits juices, orange, mandarin orange, kumquat
Carrot, pumpkin, peach, persimmon, ginger
Strawberry , grape
Watermelon, tomato, red cabbage, red pepper, plum
Garlic, leek, onion
Apple, pear
Asian radish
Oriental melon, mushroom, banana, deodeok, burdock, lotus root, balloon
flower root

Vegetables and fruits were classified into subgroup as proposed by Pennington and Fisher; 2Proportion of color group to total vegetables and fruits;
Proportion of vegetables and fruits type to vegetables and fruits by color group.

1
3

general characteristics, family history of cancer, alcohol
consumption, cigarette smoking, and exercise habits
was obtained using a structured questionnaires.
Dietary information was assessed using the semiquantitative food frequency questionnaire (SQFFQ)
developed by the Korea Centers for Disease Control
[21]
and Prevention . The SQFFQ was designed to measure
typical food intake habits during the course of one year.
The reliability and validity of this questionnaire have
[21]
been previously reported . Subjects were queried by
a trained dietitian on their usual intake amount of 106
food items during the last 12 mo before the interview.
Daily vegetable and fruit intake and calorie intake
were calculated using the Nutritional Analysis Program
for Professionals ver. 4.0 (CAN-Pro 4.0 the Korean
Nutrition Society, 2012, Seoul, Korea). Vegetables and
fruits were classified into 4 color groups according to
[17,18]
Pennington and Fish’s
categories (e.g., green,
orange/yellow, red/purple and white) (Table 1). On
the basis of outcomes form the Food Balance Wheels
(Ministry of Health and Welfare, Dietary Reference
Intakes for Koreans, 2015), potatoes and sweet
potatoes, which have high starch content, were not
included as vegetables. Additionally, we did not include
kimchi, pickled vegetables and jam as vegetables and
fruits, because of their high salt and sugar content.
And the fruit juice beverages were included in the
analysis. We have performed an analysis according
to the anatomical location of the origin of cancer:
proximal colon (cecum, ascending colon, hepatic
flexure, transverse colon, splenic flexure); distal colon
(descending colon, sigmoid-descending colon junction,
sigmoid colon); and rectum (rectosigmoid colon,
rectum).

specific tertiles according to the distribution among
control groups. The potential confounding variable
considered were age, education, alcohol consumption,
regular exercise, body mass index (BMI), fiber intake,
red meat consumption, processed meat consumption,
and energy intake, all of which were selected based
[9,13,22-24]
on the literature
. After considering multicollinearity, we finally adjusted age, education level,
alcohol consumption, BMI, regular exercise, red meat
consumption, processed meat consumption, and total
energy intake by residual methods. Nutrient intakes
were adjusted for total individual energy intakes
[25]
using the residual method . Binary and polytomous
logistic regression models were used to assess the
ORs and their 95%CIs for the association between
the colors of the vegetables and fruits consumed and
the risk of colorectal cancer. All statistical analyses
were performed using SAS software (version 9.4; SAS
Institute Inc. Cary, NC, United States).

RESULTS
The characteristics of the study subjects are presented
in Table 2. Male colorectal cancer patients showed
differences compared to controls in marital status,
education level, household income, obesity, smoking
status, alcohol consumption and regular exercise.
The female subjects showed a similar pattern, but
the cancer patients had a higher percentage of obese
individuals and current smokers.
Table 3 presents consumption of vegetables and
fruits for the cases and controls, separated by sex.
Total energy intake was higher among controls in
both sexes; thus, the energy adjusted average intake
levels of vegetables and fruits were compared. Among
cancer cases, consumption of total vegetables and
fruits, vegetables, fruits, color group vegetables and
fruits and even red meat was lower than controls.
Table 4 shows the ORs and the 95%CIs for the
colors of the vegetables and fruits consumed and the

Statistical analysis

Chi-square tests were used to compare the distribution
of general characteristics and health related behavior
factors among cases and controls. Intake levels of
vegetables and fruits were categorized into sex-
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Table 2 General characteristics of the study subjects n (%)
P value1

Male (n = 1875)

Variable

Age group (yr)
-49
50-59
60+
Missing
Marital status
Married
Single
Missing
Education level
Under middle school
High school
College or more
Missing
Income (10000won/mo)
< 200
200-400
> 400
Missing
Body mass index (kg/m2)
< 25
≥ 25
Missing
Smoking status
Non-smoker
Ex-smoker
Current smoker
Missing
Alcohol consumption
Non-drinker
Ex-drinker
Current drinker
Missing
Regular exercise
No
Yes
Missing
Family history of cancer
No
Yes
Missing
Family history of colorectal cancer
No
Yes
Missing

Case
(n = 625)

Control
(n = 1250)

128 (20.5)
227 (36.3)
270 (43.2)
0 (0.0)

258 (20.6)
453 (36.2)
539 (43.1)
0 (0.0)

557 (89.1)
66 (10.6)
2 (0.3)

1162 (93.0)
72 (5.8)
16 (1.3)

183 (29.3)
266 (42.6)
176 (28.2)
0 (0.0)

175 (14.0)
329 (26.3)
712 (57.0)
34 (2.7)

222 (35.5)
253 (40.5)
150 (24.0)
0 (0.0)

254 (20.3)
534 (42.7)
363 (29.0)
99 (7.9)

432 (69.1)
192 (30.7)
1 (0.2)

734 (58.7)
516 (41.3)
0 (0.0)

145 (23.2)
303 (48.5)
177 (28.3)
0 (0.0)

245 (19.6)
671 (53.7)
334 (26.7)
0 (0.0)

107 (17.1)
103 (16.5)
415 (66.4)
0 (0.0)

199 (15.9)
136 (10.9)
915 (73.2)
0 (0.0)

387 (61.9)
238 (38.1)
0 (0.0)

490 (39.2)
715 (57.2)
45 (3.6)

392 (62.7)
233 (37.3)
0 (0.0)

686 (54.9)
560 (44.8)
4 (0.3)

560 (89.6)
65 (10.4)
0 (0.0)

1188 (95.0)
58 (4.6)
4 (0.3)

Female (n = 894)
Case
(n = 298)

Control
(n = 596)

82 (27.5)
111 (37.3)
105 (35.2)
0 (0.0)

166 (27.9)
221 (37.1)
209 (35.1)
0 (0.0)

216 (73.0)
80 (27.0)
2 (0.7)

493 (83.4)
98 (16.6)
5 (0.8)

138 (46.3)
103 (34.6)
57 (19.1)
0 (0.0)

106 (18.1)
258 (44.0)
223 (38.0)
9 (1.5)

99 (33.2)
134 (45.0)
65 (21.8)
0 (0.0)

134 (25.0)
218 (40.7)
184 (34.3)
60 (10.1)

207 (69.5)
91 (30.5)
0 (0.0)

435 (73.0)
161 (27.0)
0 (0.0)

264 (88.6)
15 (5.0)
19 (6.4)
0 (0.0)

571 (95.8)
16 (2.7)
9 (1.5)
0 (0.0)

172 (57.7)
26 (8.7)
100 (33.6)
0 (0.0)

362 (60.7)
33 (5.5)
201 (33.7)
0 (0.0)

225 (75.5)
73 (24.5)
0 (0.0)

262 (44.0)
333 (56.0)
1 (0.2)

171 (57.4)
127 (42.6)
0 (0.0)

311 (52.2)
285 (47.8)
0 (0.0)

277 (93.0)
21 (7.1)
0 (0.0)

555 (93.1)
41 (6.9)
0 (0.0)

0.997

P value1

0.994

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.270

0.076

< 0.001

< 0.001

0.186

< 0.001

< 0.001

0.002

0.141

< 0.001

0.926

1

P values were calculated by χ 2 test.

risks of colorectal cancer. After adjustments for the
confounding variables, we found that higher intake
of total vegetables and fruits (OR = 0.60, 95%CI:
0.45-0.79, highest vs lowest tertiles); vegetables
(OR = 0.48, 95%CI: 0.36-0.64); green vegetables
and fruits (OR = 0.49, 95%CI: 0.36-0.65); and white
vegetables and fruits (OR = 0.47, 95%CI: 0.35-0.63)
reduced the risks of colorectal cancer for men.
However, for orange/yellow vegetables and fruits,
a significant association with the risks of colorectal
cancer was found (OR = 1.61, 95%CI: 1.22-2.12).
In women, all categories of vegetables and fruits
intake showed decreased risk of colorectal cancer (OR
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= 0.32, 95%CI: 0.21-0.48 for total vegetables and
fruits; OR = 0.37, 95%CI: 0.24-0.57 for vegetables;
OR = 0.41, 95%CI: 0.27-0.63 for fruits; OR = 0.25,
95%CI: 0.16-0.40 for green vegetables and fruits; OR
= 0.66, 95%CI: 0.44-0.99 for red/purple vegetables
and fruits; OR = 0.34, 95%CI: 0.22-0.52 for white
vegetables and fruits).
In the analysis of orange/yellow vegetables and
fruits separately, orange/yellow fruits intake reduced
the risks of colorectal cancer in women (OR = 0.64,
95%CI: 0.43-0.97). We found that higher intake
of orange/yellow vegetables elevated the risks of
colorectal cancer in both sexes (OR = 2.41, 95%CI:
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Table 3 Intake of vegetables and fruits between cases and controls
Total energy adjusted intake (g/d), mean ± SD
Total energy intake (kcal/d)
Total vegetables and fruits
Total vegetables
Total fruits
Green vegetables and fruits
Orange/yellow vegetables and fruits
Orange/yellow vegetable
Orange/yellow fruits
White vegetables and fruits
Red/purple vegetables and fruits
Red meat
Processed meat

Male (n = 1875)

Female (n = 894)

Case (n = 625)

Control (n = 1250)

Case (n = 298)

Control (n = 596)

2127.7 ± 509.1
279.4 ± 155.7
148.5 ± 77.3
125.0 ± 115.3
64.8 ± 38.0
49.4 ± 45.4
10.1 ± 12.1
37.7 ± 46.2
105.9 ± 65.4
55.2 ± 65.9
56.0 ± 36.2
0.5 ± 1.8

1731.6 ± 545.8
350.2 ± 236.7
186.7 ± 126.2
174.5 ± 197.8
86.2 ± 69.6
54.2 ± 66.8
9.3 ± 17.0
57.0 ± 109.1
149.8 ± 120.4
66.1 ± 88.8
64.4 ± 41.9
3.5 ± 25.1

1814.4 ± 523.5
343.1 ± 192.8
155.8 ± 85.4
185.9 ± 152.1
72.7 ± 52.1
75.4 ± 71.2
13.0 ± 16.3
65.0 ± 84.7
128.8 ± 100.3
66.0 ± 62.6
40.9 ± 26.9
1.9 ± 13.8

1604.6 ± 577.4
470.7 ± 383.4
205.3 ± 138.2
271.7 ± 230.0
105.5 ± 84.5
95.2 ± 97.7
11.7 ± 23.1
94.7 ± 117.0
186.2 ± 135.0
89.1 ± 89.8
43.7 ± 28.7
1.7 ± 6.1

Mean of vegetables and fruits intake were adjusted for the total individual energy intakes using the residual method.

[12,13,32,33]

findings
.
This study suggested that high white vegetables
and fruits intake has protective effects on colorectal
cancer risk. White vegetables and fruits contains
various phytochemicals and nutrients, such as the
polysaccharides of apples, theglucans of mushroom,
saponins of root and bulb vegetables, and the
quercetin of onions and apples, which play important
roles in antioxidant activity, reduction of DNA damage,
[34]
and anticancer activity . However, epidemiological
studies of white vegetables and fruits intake are still
contradictory. In the case of apples, with the exception
[33]
of one study , most research has shown a beneficial
[12,35]
significant association
or no association between
apple intake and colorectal cancer risk. Several recent
[36-39]
meta-analyses have been published
on bulbs
in the allium family, and the results of these papers
show that garlic consumption is not associated with
colorectal cancer.
Studies that classify vegetables and fruits by color
are rare regardless of the disease. One case-control
[15]
study was conducted in China . In a case-control
study from Switzerland, citrus fruit, a main component
of the orange/yellow vegetables and fruits category,
was found to be significantly inversely associated
[40]
with colorectal cancer risk . However, most studies
show no significant associations with orange/yellow
[10,12,13,29,32,33]
vegetables and fruits consumption
. In two
case control studies conducted in China and Hawaii,
it was found that high orange/yellow vegetables
[15,41]
and fruits intake reduces colorectal cancer risk
.
Orange/yellow vegetables and fruits are known to be
[42]
rich in carotene, which can function as provitamin A .
Vitamin A may have a positive effect by controlling
the growth and metastasis of cancer cells and may act
[43]
as an antioxidant in reducing cancer . However, our
study found that high orange/yellow vegetable and
fruit intake was significantly associated with increased
risk of colorectal cancer for men. The Nurse’ Health
Study and Health Professionals Follow-Up Study
conducted in the United States suggested that citrus

1.83-3.16 for men; OR = 2.28, 95%CI: 1.55-3.34
for women). In the subsite analysis (Table 5), similar
associations by subsite were observed for both men
and women.

DISCUSSION
In this case control study, we investigated the
relationship between vegetables and fruits groups
categorized by color and the risks of colorectal cancer.
The investigation revealed that the green vegetables
and fruits and white vegetables and fruits color
groups and total vegetables and fruits intake were
strongly related to a reduced risk of colorectal cancer
in men and women. In addition, it was shown that
in women, the total amount of fruit consumed, as
well as consumption of the red/purple color groups,
attenuated colorectal cancer risk. However, no
significant association was found for the red/purple
color groups in men. Surprisingly, a high intake from
the orange/yellow vegetables and fruits color group
was associated with a higher risk of colorectal cancer
in men.
The protective effect of total vegetables and fruits
intake as related to colorectal cancer risk was consistent
[12,26-28]
with previous case-control studies
and meta[9]
[13,14,23,29]
analysis . However, recent cohort studies
, and
[12]
a recent case- control study , do not comply with our
results.
In the present study, green vegetables and fruits
intake was shown to be inversely associated with
the risk of CRC in both sexes. Green vegetables and
fruits are thought to decrease the risk of CRC through
their high folate, fiber, lutein, sulforaphane and indole
level, which induce apoptosis in cancer cells and
[30,31]
inhibit cell damage and the growth of cancer cells
.
[10]
The Netherlands Cohort Study , as well as a case[15]
control study for Guangzhou (in men)
and the
[11]
NIH-AARP study
reported the beneficial effects of
green vegetables and fruits. However, other cohort
studies and case control studies have produced null
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Total vegetables and fruits (g/d)
T1 (< 224.2)
T2 (224.2-< 380.0)
T3 (≥ 380.0)
P for trend2
Total vegetables (g/d)
T1 (< 123.0)
T2 (123.0-< 203.6)
T3 (≥ 203.6)
P for trend
Total fruits (g/d)
T1 (< 68.3)
T2 (68.3-< 178.1)
T3 (≥ 178.1)
P for trend
Green vegetables and fruits (g/d)
T1 (< 48.8)
T2 (48.8-< 93.6)
T3 (≥ 93.6)
P for trend
Red/purple vegetables and fruits
(g/d)
T1 (< 22.1)
T2 (22.1- < 62.2)
T3 (≥ 62.2)
P for trend
Orange /yellow vegetables and
fruits (g/d)
T1 (< 21.1)
T2 (21.1- < 54.0)
T3 (≥ 54.0)
P for trend
Orange /yellow fruits (g/d)
T1 (< 15.9)
T2 (15.9- < 47.9)
T3 (≥ 47.9)
P for trend
Orange /yellow vegetable (g/d)
T1 (< 2.7)
T2 (2.7- < 7.7)
T3 (≥ 7.7)
P for trend

Total energy adjusted vegetables
and fruits intake

1.00
0.83 (0.67-1.04)
0.43 (0.34-0.56)
< 0.001

1.00
1.05 (0.84-1.30)
0.38 (0.29-0.50)
< 0.001

1.00
1.18 (0.94-1.47)
0.61 (0.47-0.78)
< 0.001

1.00
1.17 (0.94-1.46)
0.45 (0.34-0.58)
< 0.001

1.00
1.39 (1.10-1.75)
0.88 (0.68-1.12)
0.042

1.00
1.63 (1.28-2.07)
1.23 (0.96-1.58)
0.618

1.00
1.00 (0.79-1.25)
0.72 (0.56-0.91)
0.003

1.00
1.30 (1.01-1.68)
2.09 (1.63-2.67)
< 0.001

416/256
418/270
416/99

416/224
418/265
416/136

417/238
417/280
416/107

416/191
417/266
417/168

416/162
417/264
417/199

416/230
417/230
417/165

416/144
417/188
417/293

Age-adjusted
OR (95%CI)

Male (n = 1875)

417/275
416/230
417/120

Controls
/cases (n )
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1.00
1.47 (1.11-1.95)
2.41 (1.83-3.16)
< 0.001

1.00
1.17 (0.91-1.51)
0.98 (0.75-1.28)
0.003

1.00
1.91 (1.47-2.49)
1.61 (1.22-2.12)
0.021

1.00
1.63 (1.26-2.11)
1.10 (0.83-1.44)
0.706

1.00
1.21 (0.94-1.54)
0.49 (0.36-0.65)
< 0.001

1.00
1.36 (1.06-1.74)
0.77 (0.58-1.02)
0.017

1.00
1.19 (0.93-1.52)
0.48 (0.36-0.64)
< 0.001

1.00
0.94 (0.74-1.21)
0.60 (0.45-0.79)
< 0.001

Multivariate
1
OR (95%CI)

T1 (< 3.2)
T2 (3.2- < 9.1)
T3 (≥ 9.1)

T1 (< 32.5)
T2 (32.5- < 90.6)
T3 (≥ 90.6)

T1 (< 40.7)
T2 (40.7- < 100.6)
T3 (≥ 100.6)

T1 (< 39.5)
T2 (39.5-< 98.5)
T3 (≥ 98.5)

T1 (< 61.0)
T2 (61.0-< 114.2)
T3 (≥ 114.2)

T1 (< 135.0)
T2 (135.0- < 307.1)
T3 (≥ 307.1)

T1 (< 135.9)
T2 (135.9- < 219.1)
T3 (≥ 219.1)

T1 (< 317.7)
T2 (317.7- < 534.8)
T3 (≥ 534.8)

198/77
200/69
198/152

199/105
198/130
199/63

199/89
198/140
199/69

199/112
199/121
198/65

199/151
198/115
199/32

198/129
199/124
199/45

198/143
200/110
198/45

199/166
199/91
198/41

Controls
/cases (n )

1.00
0.89 (0.61-1.30)
2.01 (1.43-2.83)
< 0.001

1.00
1.24 (0.90-1.72)
0.60 (0.42-0.87)
0.002

1.00
1.58 (1.14-2.20)
0.77 (0.53-1.12)
0.051

1.00
1.08 (0.78-1.49)
0.58 (0.41-0.84)
0.002

1.00
0.76 (0.56-1.04)
0.21 (0.14-0.32)
< 0.001

1.00
0.96 (0.70-1.31)
0.35 (0.23-0.51)
< 0.001

1.00
0.76 (0.55-1.04)
0.31 (0.21-0.46)
< 0.001

1.00
0.55 (0.39-0.75)
0.25 (0.17-0.37)
< 0.001

Age-adjusted
OR (95%CI)

Female (n = 894)

Table 4 Odds ratios and 95% confidence intervals for colorectal cancer risk in relation to intake of vegetables and fruits

1.00
1.14 (0.75-1.73)
2.28 (1.55-3.34)
< 0.001

1.00
1.43 (1.00-2.06)
0.64 (0.43-0.97)
0.002

1.00
1.77 (1.23-2.56)
0.85 (0.56-1.27)
0.163

1.00
1.21 (0.84-1.73)
0.66 (0.44-0.99)
0.027

1.00
0.89 (0.63-1.27)
0.25 (0.16-0.40)
< 0.001

1.00
1.03 (0.73-1.46)
0.41 (0.27-0.63)
< 0.001

1.00
0.89 (0.62-1.26)
0.37 (0.24-0.57)
< 0.001

1.00
0.60 (0.42-0.85)
0.32 (0.21-0.48)
< 0.001

Multivariate
1
OR (95%CI)

614/221
617/257
615/445

615/335
616/360
615/228

615/251
615/404
616/268

615/303
616/387
615/233

616/389
615/395
615/139

614/353
617/389
615/181

614/399
618/380
614/114

616/441
615//321
615/161

Controls
/cases (n )

1.00
1.16 (0.94-1.43)
2.06 (1.69-2.51)
< 0.001

1.00
1.07 (0.89-1.29)
0.68 (0.56-0.83)
< 0.001

1.00
1.61 (1.33-1.95)
1.07 (0.87-1.31)
0.286

1.00
1.27 (1.06-1.54)
0.77 (0.63-0.94)
< 0.001

1.00
1.01 (0.84-1.21)
0.35 (0.28-0.44)
< 0.001

1.00
1.09 (0.91-1.31)
0.51 (0.41-0.63)
< 0.001

1.00
0.94 (0.79-1.13)
0.36 (0.29-0.45)
< 0.001

1.00
0.72 (0.60-0.87)
0.36 (0.29-0.45)
< 0.001

Age-adjusted
OR (95%CI)

Total (n = 2769)

1.00
1.30 (1.04-1.64)
2.19 (1.77-2.73)
< 0.001

1.00
1.20 (0.98-1.47)
0.85 (0.69-1.06)
< 0.001

1.00
1.78 (1.45-2.20)
1.33 (1.06-1.66)
0.576

1.00
1.46 (1.19-1.79)
0.96 (0.77-1.20)
0.033

1.00
1.06 (0.87-1.30)
0.39 (0.31-0.50)
< 0.001

1.00
1.21 (1.00-1.48)
0.67 (0.53-0.84)
< 0.001

1.00
1.05 (0.86-1.28)
0.43 (0.34-0.55)
< 0.001

1.00
0.81 (0.67-0.99)
0.50 (0.40-0.63)
< 0.001

Multivariate
1
OR (95%CI)

Lee J et al . Colors of vegetables and fruits and the risks of CRC

April 14, 2017|Volume 23|Issue 14|

416/301
418/219
416/105

1
0.72 (0.57-0.90)
0.34 (0.27-0.45)
< 0.001

1
0.84 (0.66-1.08)
0.47 (0.35-0.63)
< 0.001

T1 (< 109.9)
T2 (109.9- < 198.0)
T3 (≥ 198.0)

199/156
199/99
198/43

1
0.63 (0.46-0.87)
0.28 (0.19-0.41)
< 0.001

1
0.78 (0.55-1.11)
0.34 (0.22-0.52)
< 0.001

615/457
617/318
614/148

1
0.69 (0.58-0.83)
0.32 (0.26-0.40)
< 0.001

1
0.8 (0.66-0.98)
0.43 (0.34-0.55)
< 0.001
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Men
Total vegetables and fruits (g/d)
T1 (< 224.2)
417
T2 (224.2- < 380.0)
416
T3 (≥ 380.0)
417
P for trend2
Total vegetables (g/d)
T1 (< 123.0)
416
T2 (123.0-< 203.6)
418
T3 (≥ 203.6)
416
P for trend
Total fruits (g/d)
T1 (< 68.3)
416
T2 (68.3- < 178.1)
418
T3 (≥ 178.1)
416
P for trend
Green vegetables and fruits (g/d)
T1 (< 48.8)
417
T2 (48.8- < 93.6)
417
T3 (≥ 93.6)
416
P for trend
Red/purple vegetables and fruits (g/d)
T1 (< 22.1)
416
T2 (22.1- < 62.2)
417
T3 (≥ 62.2)
417
P for trend
Orange/yellow vegetables and fruits (g/d)
T1 (< 21.1)
416
T2 (21.1- < 54.0)
418
T3 (≥ 54.0)
416
P for trend

No.

Control

1.00
0.97 (0.63-1.49)
0.47 (0.28-0.80)
0.004
1.00
1.13 (0.72-1.77)
0.67 (0.40-1.11)
0.089
1.00
1.38 (0.89-2.16)
0.64 (0.38-1.09)
0.035
1.00
1.24 (0.80-1.94)
0.63 (0.38-1.07)
0.048
1.00
1.40 (0.88-2.22)
0.90 (0.55-1.50)
0.371
1.00
1.52 (0.93-2.50)
1.49 (0.90-2.45)
0.217

40
46
27

37
52
24

2533
39
49
25

34
48
31

28
43
42

1.00
1.80 (1.08-3.01)
1.94 (1.16-3.27)
0.03

1.00
1.63 (1.01-2.04)
1.12 (0.66-1.88)
0.895

1.00
1.26 (0.79-1.99)
0.67 (0.39-1.16)
0.092

1.00
1.59 (1.01-2.52)
0.83 (0.47-1.44)
0.269

1.00
1.26 (0.79-2.01)
0.80 (0.47-1.37)
0.34

1.00
1.08 (0.68-1.69)
0.63 (0.36-1.09)
0.086

Age-adjusted OR Multivariate OR
(95%CI)
(95%CI)

46
45
22

No.

Proximal colon
1

47
73
58

60
73
45

64
87
27

69
76
33

66
88
24

76
73
29

No.

Distal colon

1.00
1.55 (1.05-2.29)
1.23 (0.82-1.85)
0.683

1.00
1.21 (0.84-1.75)
0.75 (0.50-1.13)
0.067

1.00
1.35 (0.95-1.92)
0.42 (0.26-0.67)
< 0.001

1.00
1.09 (0.76-1.55)
0.47 (0.31-0.74)
< 0.001

1.00
1.32 (0.93-1.87)
0.36 (0.22-0.59)
< 0.001

1.00
0.95 (0.67-1.35)
0.38 (0.24-0.59)
< 0.001

1.00
1.86 (1.24-2.80)
1.60 (1.04-2.46)
0.121

1.00
1.39 (0.95-2.04)
0.92 (0.60-1.41)
0.379

1.00
1.43 (0.99-2.07)
0.46 (0.28-0.74)
< 0.001

1.00
1.26 (0.88-1.83)
0.59 (0.38-0.94)
0.01

1.00
1.50 (1.04-2.16)
0.44 (0.27-0.74)
0.002

1.00
1.10 (0.76-1.58)
0.50 (0.32-0.80)
0.003

Age-adjusted OR Multivariate OR
(95%CI)
(95%CI)

Table 5 Odds ratios and 95% confidence intervals for colorectal cancer subsites in relation to intake of vegetables and fruits

1

86
138
96

91
138
91

129
136
55

113
129
78

142
130
48

145
107
68

No.

1.00
1.61 (1.19-2.18)
1.12 (0.81-1.55)
0.837

1.00
1.52 (1.13-2.04)
1.00 (0.72-1.38)
0.355

1.00
1.05 (0.80-1.39)
0.43 (0.30-0.60)
< 0.001

1.00
1.14 (0.85-1.52)
0.69 (0.50-0.95)
0.008

1.00
0.91 (0.69-1.20)
0.34 (0.24-0.48)
< 0.001

1.00
0.74 (0.55-0.98)
0.47 (0.34-0.64)
< 0.001

1.00
1.86 (1.34-2.59)
1.47 (1.04-2.09)
0.178

1.00
1.84 (1.33-2.53)
1.28 (0.90-1.81)
0.666

1.00
1.08 (0.79-1.46)
0.47 (0.32-0.68)
< 0.001

1.00
1.30 (0.96-1.78)
0.90 (0.63-1.27)
0.318

1.00
1.05 (0.77-1.41)
0.43 (0.29-0.63)
< 0.001

1.00
0.82 (0.61-1.12)
0.67 (0.47-0.94)
0.018

Age-adjusted OR Multivariate OR
(95%CI)
(95%CI)

Rectum
1

Adjusted by age, education, alcohol consumption, BMI, regular exercise, red meat, processed meat and total energy intake; 2Test for trend calculated with the median intake for each category of vegetables and fruits as a
continuous variable.

1

White vegetables and fruits (g/d)
T1 (< 87.9)
T2 (87.9- < 153.9)
T3 (≥ 153.9)
P for trend
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Orange /yellow fruits (g/d)
T1 (< 15.9)
416
T2 (15.9-< 47.9)
417
T3 (≥ 47.9)
417
P for trend
Orange /yellow vegetable (g/d)
T1 (< 2.7)
416
T2 (2.7-< 7.7)
417
T3 (≥ 7.7)
417
P for trend
White vegetables and fruits (g/d)
T1 (< 87.9)
416
T2 (87.9- < 153.9)
418
T3 (≥ 153.9)
416
P for trend
Women
Total vegetables and fruits (g/d)
T1 (< 317.7)
199
T2 (317.7-< 534.8)
199
T3 (≥ 534.8)
198
P for trend
Total vegetables (g/d)
T1 (< 135.9)
198
T2 (135.9-< 219.1)
200
T3 (≥ 219.1)
198
P for trend
Total fruits (g/d)
T1 (< 135.0)
198
T2 (135.0-< 307.1)
199
T3 (≥ 307.1)
199
P for trend
Green vegetables and fruits (g/d)
T1 (< 61.0)
199
T2 (61.0- < 114.2)
198
T3 (≥ 114.2)
199
P for trend
Red/purple vegetables and fruits (g/d)
T1 (< 39.5)
199
T2 (39.5- < 98.5)
199
T3 (≥ 98.5)
198
P for trend
Orange/yellow vegetables and fruits (g/d)
T1 (< 40.7)
199
T2 (40.7- < 100.6)
198
T3 (≥ 100.6)
199
P for trend
1.00
1.20 (0.77-1.89)
0.76 (0.46-1.25)
0.155
1.00
0.87 (0.51-1.48)
1.79 (1.12-2.86)
0.003
1.00
0.88 (0.58-1.35)
0.31 (0.17-0.55)
< 0.001

1.00
0.65 (0.35-1.20)
0.17 (0.07-0.45)
< 0.001
1.00
0.83 (0.45-1.51)
0.19 (0.07-0.50)
< 0.001
1.00
1.29 (0.70-2.35)
0.24 (0.09-0.64)
0.003
1.00
0.87 (0.48-1.59)
0.15 (0.05-0.43)
< 0.001
1.00
1.30 (0.70-2.41)
0.35 (0.15-0.85)
0.013
1.00
1.38 (0.70-2.71)
0.93 (0.45-1.93)
0.674

38
46
29

31
27
55

51
46
16

29
19
5
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26
22
5

21
27
5

2534
26
23
4

20
26
7

16
22
15

1.00
1.58 (0.78-3.20)
1.05 (0.49-2.24)
0.891

1.00
1.54 (0.81-2.95)
0.43 (0.17-1.06)
0.052

1.00
1.03 (0.55-1.93)
0.18 (0.06-0.54)
0.002

1.00
1.37 (0.73-2.58)
0.27 (0.10-0.76)
0.002

1.00
1.02 (0.53-1.95)
0.22 (0.08-0.61)
0.003

1.00
0.66 (0.35-1.25)
0.22 (0.08-0.58)
0.002

1.00
1.04 (0.67-1.61)
0.40 (0.22-0.73)
0.003

1.00
1.01 (0.59-1.75)
2.15 (1.32-3.51)
< 0.001

1.00
1.43 (0.90-2.27)
1.04 (0.62-1.75)
0.849

33
50
30

41
44
28

60
39
14

46
46
21

51
41
21

64
28
21

87
68
23

38
55
85

69
61
48

1.00
1.52 (0.94-2.47)
0.91 (0.53-1.55)
0.461

1.00
1.07 (0.67-1.71)
0.69 (0.41-1.15)
0.118

1.00
0.65 (0.42-1.02)
0.23 (0.12-0.43)
< 0.001

1.00
1.00 (0.63-1.57)
0.45 (0.26-0.79)
0.004

1.00
0.80 (0.50-1.26)
0.41 (0.29-0.71)
0.001

1.00
0.44 (0.27-0.71)
0.33 (0.19-0.56)
< 0.001

1.00
0.77 (0.54-1.09)
0.26 (0.16-0.42)
< 0.001

1.00
1.44 (0.93-2.23)
2.28 (1.51-3.44)
< 0.001

1.00
0.88 (0.61-1.27)
0.69 (0.47-1.02)
0.065

1.00
1.72 (1.03-2.87)
0.98 (0.56-1.72)
0.634

1.00
1.19 (0.72-1.95)
0.75 (0.43-1.30)
0.232

1.00
0.78 (0.49-1.26)
0.28 (0.15-0.53)
< 0.001

1.00
1.05 (0.65-1.69)
0.52 (0.29-0.93)
0.006

1.00
0.97 (0.59-1.57)
0.50 (0.28-0.89)
0.018

1.00
0.47 (0.28-0.79)
0.41 (0.23-0.71)
0.001

1.00
0.89 (0.62-1.28)
0.34 (0.21-0.56)
< 0.001

1.00
1.68 (1.07-2.63)
2.72 (1.77-4.18)
< 0.001

1.00
1.04 (0.71-1.52)
0.92 (0.61-1.38)
0.625

40
62
22

47
49
28

60
51
13

59
48
17

61
45
18

70
41
13

156
100
64

70
101
149

120
115
85

1.00
1.56 (1.00-2.43)
0.55 (0.32-0.96)
0.013

1.00
1.04 (0.67-1.63)
0.60 (0.36-1.00)
0.035

1.00
0.85 (0.56-1.29)
0.21 (0.11-0.40)
< 0.001

1.00
0.81 (0.53-1.25)
0.29 (0.16-0.51)
< 0.001

1.00
0.73 (0.47-1.12)
0.29 (0.17-0.51)
< 0.001

1.00
0.58 (0.38-0.90)
0.19 (0.10-0.35)
< 0.001

1.00
0.63 (0.48-0.84)
0.41 (0.29-0.56)
< 0.001

1.00
1.44 (1.03-2.01)
2.19 (1.59-3.02)
< 0.001

1.00
0.96 (0.72-1.28)
0.71 (0.52-0.96)
0.02

1.00
1.74 (1.08-2.80)
0.61 (0.34-1.09)
0.041

1.00
1.18 (0.73-1.89)
0.71 (0.41-1.21)
0.157

1.00
0.98 (0.62-1.54)
0.26 (0.14-0.50)
< 0.001

1.00
0.88 (0.56-1.38)
0.35 (0.19-0.64)
< 0.001

1.00
0.82 (0.52-1.31)
0.36 (0.20-0.65)
< 0.001

1.00
0.65 (0.41-1.03)
0.25 (0.13-0.47)
< 0.001

1.00
0.76 (0.55-1.03)
0.58 (0.41-0.83)
0.002

1.00
1.64 (1.15-2.34)
2.51 (1.77-3.54)
< 0.001

1.00
1.11 (0.82-1.52)
0.97 (0.69-1.36)
0.724
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13
11
29

31
15
7

199
199
198

18
22
13

198
200
198

199
199
198

1.00
0.49 (0.25-0.93)
0.22 (0.10-0.50)
0.001

1.00
0.84 (0.37-1.91)
2.21 (1.11-4.40)
0.005

1.00
1.22 (0.63-2.34)
0.72 (0.35-1.52)
0.281

1.00
0.59 (0.30-1.16)
0.25 (0.10-0.59)
0.002

1.00
1.17 (0.49-2.75)
2.87 (1.36-6.03)
0.002

1.00
1.44 (0.72-2.85)
0.79 (0.37-1.70)
0.37

60
36
17

27
28
58

38
47
28

1.00
0.60 (0.38-0.95)
0.28 (0.16-0.50)
< 0.001

1.00
1.03 (0.59-1.81)
2.20 (1.33-3.64)
< 0.001

1.00
1.24 (0.77-1.98)
0.74 (0.44-1.25)
0.15

1.00
0.75 (0.46-1.22)
0.35 (0.19-0.63)
0.001

1.00
1.35 (0.75-2.46)
2.54 (1.48-4.36)
< 0.001

1.00
1.43 (0.87-2.35)
0.77 (0.44-1.35)
0.198

61
45
18

34
28
62

48
56
20

1.00
0.74 (0.48-1.14)
0.30 (0.17-0.52)
< 0.001

1.00
0.82 (0.48-1.40)
1.85 (1.16-2.95)
0.001

1.00
1.17 (0.76-1.80)
0.42 (0.24-0.73)
< 0.001

1.00
0.93 (0.59-1.48)
0.37 (0.21-0.67)
< 0.001

1.00
1.04 (0.59-1.84)
2.05 (1.24-3.40)
0.002

1.00
1.35 (0.85-2.15)
0.44 (0.25-0.80)
0.002

consumption can contribute to the development of melanoma . Citrus is rich in psoralens and furocoumarins, which raise melanoma risk through photocarcinogens.
However, negative health effects of psoralens and furocoumarins on colorectal cancer have not been found in epidemiologic studies. Therefore, we cannot explain the
association and possible mechanism for the increased risk of colorectal cancer.
This study shows that high orange/yellow vegetables intake elevates the risk of colorectal cancer. Orange/yellow vegetables include carrot, pumpkin, and ginger.
[12]
[45]
In a case control study from Western Australia
and Prostate, Lung, Colorectal and Ovarian (PLCO) cancer screening trial study
reported the protective effects of
dark yellow vegetables (carrot, pumpkin) for colorectal cancer risk. Gingerol and supplementation with ginger root extract inhibit colorectal carcinoma progress in vivo
[46,47]
[48]
and humans
. However, safrole, ingredients that generated when ginger rotted, and group 2B carcinogen classified by the IARC , is known to induce cancer in
[49,50]
rodents
. Also, the remaining chemical additives (fertilizer, preservatives, pesticide) after washing are likely to cause cancer. We have no definite explanation that
orange/yellow vegetables intake increase the risk of developing colorectal cancer. More research is needed to verify this observation.
Our results showed a sex difference. Although the underlying mechanism for the sex difference of our study between sexes is not clearly known, few possibilities
[51]
[52]
can be considered from various aspects. Previous studies have suggested that estrogen exposure and the use of oral contraception prevented the development of
colorectal cancer. Also, taking hormonal replacement therapy (HRT) in postmenopausal women showed reduced colorectal cancer risks in Women’s Health Initiative (WHI)
[53]
[54]
study
and a meta-analysis . Another reason is that women tend to prefer vegetables and fruits than men. Because usually women are responsible in buying and
[55]
cooking foods in Korean culture, they tend to have more information about beneficial health effects of vegetable/fruits and consume more of them . Other factors such
as prevalence of diabetes, physical activity, education and income levels, and lifestyle differences between sexes may influence the relationship between vegetables and
fruits intake and colorectal cancer risk.
Korean diet has a unique synchronic serving method/style of which all dishes are served at one time on a table. On the other hand, Western or Chinese diet is
[56]
diachronic (course meal), serving dishes at different points of time . A Typical and common Korean table is set with bap (steamed rice), kuk or chigae (broth, stew),
[57]
[58]
banchan (side dishes) and kimchi . Bap is the main Korean dish that gives a major source of energy. Kuk or chigae, which are different than the Western soups
are eaten with bap. Usually, banchan (side dishes) are composed of more than three kinds of foods such as namul, legumes, fish, meat, and kimchi, and are seasoned
with jang, sesame or perilla seed/oil, vinegar, and herbs. Korean diet is usually well-balanced and nutritious. Based on these features, the health benefits of the Korean
[59,60]
diet are reported in many cases of diseases
. Currently, peoples believe that colorful vegetables and fruits are the most nutritious and indicate that the distinction
[61]
between the color of vegetables and fruits is a powerful factor in food selection . The information presented in this study could be used to advise members of the
general Korean public who are interested in the phytochemicals of vegetables and fruits. However, it is difficult to generalize to the population of many countries in the

[44]

Adjusted by age, education, alcohol consumption, BMI, regular exercise, red meat, processed meat and total energy intake; 2Test for trend calculated with the median intake for each category of vegetables and fruits as a
continuous variable.

1

Orange/yellow fruits (g/d)
T1 (< 32.5)
T2 (32.5- < 90.6)
T3 (≥ 90.6)
P for trend
Orange/yellow vegetable (g/d)
T1 (< 3.2)
T2 (3.2- < 9.1)
T3 (≥ 9.1)
P for trend
White vegetables and fruits (g/d)
T1 (< 109.9)
T2 (109.9- < 198.0)
T3 (≥ 198.0)
P for trend
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Applications

world. Because each country has its own traditional
recipe and the unique vegetables and fruits that are
naturally grown in each climate and topography.
The present study has several limitations. First,
because the design of our study relied on hospitalbased case-control groups, and the control group was
recruited from participants in the health check-up
program of the National Health Insurance Corporation,
the results of our study may not be representative
[62]
of the source population of the cases . The control
group could have had healthy behaviors and habits
compared to the patients. Second, recall bias is an
inherent weakness in case-control study design. Case
and control groups tend to have differences in recall.
Colorectal cancer patients are likely to overestimate or
underestimate their poor eating habits compared to
[25]
the control group ; therefore, there is the possibility
of exaggerating of the association. To reduce this
problem, we tried to survey the case group as
soon as their cancer was diagnosed or just before
surgery. Third, we did not evaluate the manufacturing
method (cooked, raw, or frozen) or extra ingredients
(seasoning, dressing, etc.). The majority of study
suggested that the inverse relationship for can
cer may be stronger for raw vegetables, in which
destruction of nutrients is minimized compared to
cooked vegetables. But, compared to other cancers,
colorectal cancer showed similar results between raw
[63]
vegetables and cooked vegetables . Lastly, we could
not further consider the molecular characteristics such
as microsatellite Instability or CpG island methylator
phenotype of colorectal cancer patients, which could
be related with differential risk.
In conclusion, our results suggest that total
vegetables and fruits intake by color was inversely
related to colorectal cancer risk. However, the orange/
yellow vegetables and fruits color group showed an
elevated risk for colorectal cancer. Further studies
are necessary to confirm the relationship between
vegetable and fruit intake by color and colorectal
cancer risk.

Results of this study may be used to advise the general Koreans who are
interested in prevention of colorectal cancer.

Terminology

The color of vegetables and fruits reflect the contents of unique phytochemicals
and micronutrients. Vegetables and fruits intake in various color groups may
protect against colorectal cancer.

Peer-review

Presented manuscript depicts interesting way of seeing of diet-factors impact to
colorectal cancer genesis. Discrimination of vegetables and fruits according to
only their colour and hypothetical natural consent is substantially difficult in light
of reliable statistical analysis. However, there are consistent preventive data
of cruciferous vegetables, garlic or fiber-rich plants. The meaning of achieved
results should be very careful. Available vegetables and fruits include diversified
values of chemical additives, various preservatives and chemical fertilizers
as well. Vast used, e.g., to citrus preservation, fungicides such as enilkonasol
and also tiabendasol have documented pro-cancerous action. Because of that,
estimation of influence of dietary plants to cancer is especially difficult in the
age of chemically modified plants.
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Abstract
AIM
To study the association between vitamin D level and
hospitalization rate in Crohn’s disease (CD) patients.

Institutional review board statement: The study was
reviewed and approved by the University Of Alabama Office Of
Institutional Review Board.

METHODS
We designed a retrospective cohort study using adult
patients (> 19 years) with CD followed for at least one
year at our inflammatory bowel disease center. Vitamin
D levels were divided into: low mean vitamin D level (<
30 ng/mL) vs appropriate mean vitamin D level (30-100
ng/mL). Generalized Poisson Regression Models (GPR)
for Rate Data were used to estimate partially adjusted
and fully adjusted incidence rate ratios (IRR) of
hospitalization among CD patients. We also examined
IRRs for vitamin D level as a continuous variable.
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RESULTS
Of the 880 CD patients, 196 patients with vitamin D level
during the observation period were included. Partially
adjusted model demonstrated that CD patients with
a low mean vitamin D level were almost twice more
likely to be admitted (IRR = 1.76, 95%CI: 1.38-2.24)
compared to those with an appropriate vitamin D level.
The fully adjusted model confirmed this association (IRR
= 1.44, 95%CI: 1.11-1.87). Partially adjusted model with
vitamin D level as a continuous variable demonstrated,
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[11]

thus favoring intestinal inflammation . Further,
certain VDR gene polymorphisms such as rs731236[A]
(VDR) and rs732594[A] (SCUBE3) have been found to
[12]
directly influence risk of CD . A 2013 meta-analysis
showed that carrying “Taql tt” genotype of the VDR
gene is associated with increased susceptibility for
CD in Europeans, while Apal “a” allele is protective.
[13]
Therefore , vitamin D is believed to play an integral
role in immune pathogenesis of CD and may help
reduce CD-related hospitalizations, disease severity,
[14,15]
need for surgery, and colon cancer incidence
.
Growing body of epidemiological evidence sup
ports a key role of vitamin D deficiency not just in
inflammatory bowel disease (IBD) development but
[16,17]
also on CD severity
. Studies suggest association
between low vitamin D levels and increased disease
[13,18]
activity as reflected by fecal calprotectin levels
,
hospitalizations as well as need for surgery in CD
[15,19]
patients
. Conversely, vitamin D supplementation
in CD may reduce chronic intestinal inflammation as
reflected by CD activity index (CDAI) and C-reactive
[20-22]
protein levels
, as well as relapse frequency by as
[18]
much as 50% .
University of Alabama at Birmingham (UAB) is
the only tertiary care IBD referral center in the state
of Alabama that provides health care by dedicated
sub-specialists in a large hospital with sophisticated
intensive care facilities after referral from primary care
and smaller hospitals. IBD center has facilities available
for both inpatient and outpatient management of
patients with CD and its complications and so it is a
unique setting to study the effect of various covariates
such as vitamin D levels on outcomes in CD. Our study
sought to test the hypothesis that adequate vitamin D
levels have a protective role in the clinical course of CD
in terms of a decreased likelihood of hospitalization.

higher mean vitamin D level was associated with a 3%
lower likelihood of admission with every unit (ng/mL) rise
in mean vitamin D level (IRR = 0.97, 95%CI: 0.96-0.98).
The fully adjusted model confirmed this association (IRR
= 0.98, 95%CI: 0.97-0.99).
CONCLUSION
Normal or adequate vitamin D stores may be protective
in the clinical course of CD. However, this role needs to
be further characterized and understood.
Key words: Crohn’s disease; Vitamin D; Vitamin D
deficiency; Hospitalization rate; Inflammatory bowel
disease
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Growing body of epidemiological evidence
supports a key role of vitamin D deficiency not just in
inflammatory bowel disease development but also on
Crohn’s disease (CD) severity. Our study sought to test
the hypothesis that adequate vitamin D levels have a
protective role in the clinical course of CD in terms of
a decreased likelihood of hospitalization. Our results
are clinically important as they suggest potentially
worse outcomes in CD patients with low vitamin D
levels as reflected by a numerically increased rate of
hospitalization in this group.
Venkata KVR, Arora SS, Xie FL, Malik TA. Impact of vitamin
D on the hospitalization rate of Crohn’s disease patients
seen at a tertiary care center. World J Gastroenterol 2017;
23(14): 2539-2544 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i14/2539.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2539

MATERIALS AND METHODS

INTRODUCTION

Study design, patient population, and selection criteria
We conducted a retrospective cohort study to look
at vitamin D levels and CD outcomes. For this study,
we analyzed data from 880 CD patients seen at
our tertiary care IBD center from 2000 to 2014 and
followed for at least one year. Subjects were included
in the analysis if they were older than 19 years and
had vitamin D levels available. Other included variables
were duration of disease, race, sex, smoking status,
use of steroids, biological agents, thiopurines or
methotrexate and hospitalization rate. The University
of Alabama’s Office of Institutional Review Board (IRB)
approved the study and it was deemed compliant with
the Helsinki declaration.

Crohn’s disease (CD) is a chronic inflammatory
disorder characterized by transmural inflamma
tion (all layers from mucosa to serosa) that may
discontinuously involve any part of the alimentary
[1-4]
[1]
tract
. First described by Crohn et al in 1932,
750000 people in the United States currently have
CD. It is classified as inflammatory, penetrating, or
[5,6]
stricturing, with or without perianal disease . As
CD became recognized as a distinct disease entity, it
was observed that vitamin D deficiency was common
[7,8]
among these patients .
Vitamin D exerts immune modulatory effects by
reducing T cell mediated up-regulation of the nuclear
[9,10]
vitamin D receptor (VDR)
. The gene for VDR signals
through enhancer segments in the NOD2 gene, thereby
inducing NF-kappaB transcription factor function. This
in turn stimulates gene encoding antimicrobial peptide
defensin beta2 (DEFB2/HBD2). However, this sequential
activation is absent in macrophages of CD patients

WJG|www.wjgnet.com

Data collection and variable definitions

Data were collected by means of retrospective
chart review, specifically per Electronic medical
record (EMR) documentation and laboratory results.
Data collected at the time of first observation
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of hospitalization among CD patients with low mean
vitamin D levels (< 30 ng/mL) vs those with adequate
mean vitamin D levels (30-100 ng/mL) during the
entire follow up (observation) period.
For each patient, the period of observation was
defined as the time in years between the first and
the last documented encounter at our tertiary care
IBD center during the years 2000 through 2014. All
statistical analyses were conducted using SAS, version
9.4 (SAS Institute Inc., Cary, NC). Statistical tests
were two-sided with a significance level alpha < 0.05.

Table 1 Characteristics of Crohn’s disease patients by mean
vitamin D level

Age, (mean ± SD, yr)
DoD
Race
Caucasian
African-American
Others
Female
BMI
Low (< 18.5)
Normal (18.5-24.9)
Over Weight (25-29.9)
Obese (≥ 30)
Smoking
Steroids
Immune modulators
Biologicals
Thiopurines
Methotrexate

Mean < 30
(n = 115)

Mean ≥ 30
(n = 81)

45.50 (15.07)
17.83 (11.77)

54.26 (17.63)
22.58 (14.50)

66.96%
31.30%
1.74%
61.74%

87.65%
12.35%
0.00%
71.6%

11.30%
40.00%
20.00%
28.70%
26.96
51.30
84.35%
61.74%
61.74%
20.87

8.64%
41.98%
27.16%
22.22%
11.11
45.68
76.54%
51.85%
51.85%
13.58

RESULTS
Vitamin D levels were measured in 196 of 880 CD
patients seen at our institute during the observation
period and were included in this study. Of these,
115 patients had a low mean vitamin D level and 81
had an appropriate vitamin D level (Table 1). Among
CD patients, incidence rate of hospitalization for a
CD related exacerbation was 30.18 per 100 personyears with low mean vitamin D level vs 14.19 per
100 person-years with an appropriate mean vitamin
D level (Table 2). GPR Model for Rate Data that was
partially adjusted demonstrated that CD patients with
a low mean vitamin D level were 1.76 times more
likely to be admitted during the observation period
(IRR = 1.76, 95%CI: 1.38-2.24) compared to those
with an appropriate vitamin D level. The fully adjusted
(adjusted for age, sex, duration of CD, smoking,
BMI and CD therapy) model confirmed this clinically
and statistically significant association (IRR = 1.44,
95%CI: 1.11-1.87) (Table 2).
Partially adjusted (adjusted for age, sex, race,
duration of disease) GPR Model for Rate Data with
vitamin D level as a continuous variable, demonstrated
that higher mean vitamin D level was associated with
a lower likelihood of admission with every unit (ng/mL)
rise in mean vitamin D level associated with a 3%
lower risk of admission during the observation period
(IRR = 0.97, 95%CI: 0.96-0.98). The fully adjusted
model confirmed this clinically and statistically
significant association (IRR = 0.98, 95%CI: 0.97-0.99).

DoD: Duration of disease; BMI: Body mass index.

included age, race, sex, duration of CD and vitamin
D levels. Participants were followed through the
last observation at our IBD center for CD-related
hospitalizations. We also collected data on body
mass index (BMI), smoking history, medication
history for steroid use, traditional and biological
immune modulator use. Steroid use was defined
as exposure to oral or parenteral corticosteroids
for at least six weeks during observation. Thiopu
rine use was defined as use of azathiopurine or
6-mercaptopurine for at least four weeks during
the period of observation. Methotrexate (MTX) use
was defined as use of MTX for at least four weeks
during the period of observation. Biologic use was
defined as use of any biologic agent for at least four
weeks during the period of observation. A CD-related
hospitalization was defined as any hospital admission
for a complication of CD, including infections, fistula,
strictures, abscess or exacerbations. 25-Hydroxy
vitamin D concentration was measured by Immu
noassay method. Adequate vitamin D level was
30-100 ng/ml, while vitamin D level < 30 ng/ml was
considered low. We used 30ng/ml as threshold as it is
the laboratory reference value for normal lower limit
of vitamin D levels in our hospital.

DISCUSSION
We demonstrated that CD patients with a low mean
vitamin D level (< 30 ng/ml) were almost 1.5 times
more likely to be admitted (IRR = 1.44, 95%CI:
1.11-1.87) compared to those with an appropriate
vitamin D level. Overall, the likelihood of CD-related
hospitalization decreased by about 3% with every unit
(ng/mL) rise in mean vitamin D level. Our findings
could have a few plausible interpretations: (1) Vitamin
D may serve as a surrogate marker of CD severity in
terms of general ill-state, CD activity or exacerbations
meriting hospitalization and the need for surgery; (2)
CD patients may be more likely to be admitted if they
have low vitamin D levels compared to those with

Statistical analysis

After calculating summary statistics, we performed
univariate analyses to examine the incidence rates
of CD related hospitalizations among CD patients
based on vitamin D levels. We then built Generalized
Poisson Regression Models for rate data to estimate
partially adjusted (for age, sex, race and duration
of disease) as well as fully adjusted (additionally for
BMI, smoking, steroid use, traditional and biological
immune modulator use) incidence rate ratios (IRR)
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Table 2 Crude, partially adjusted, fully adjusted rate ratios for Crohn’s disease- related hospitalization
CD-related number of
hospitalizations/total
person years

Hospitalization rate
1
(95%CI)

Model 1

Model 2

Model 3

372/1610
101/712
271/898

23.11 (20.87, 25.58)
14.19 (11.67, 17.24)
30.18 (26.79, 33.99)

1 (reference)
2.13(1.69, 2.67)

1 (reference)
1.76 (1.38, 2.24)

1 (reference)
1.44 (1.11, 1.87)

Overall
Mean Vitamin D level ≥ 30 mg/dL
Mean Vitamin D level < 30 mg/dL

IRR (95%CI)

1

Per 100 person-year. Model 1 is unadjusted; Model 2 is partially adjusted for age, sex, race, duration of disease; Model 3 is fully adjusted for age, sex, race,
duration of disease, BMI, smoking, steroids, traditional and biological, immune modulators, thiopurines, methotrexate. CD: Crohn’s disease; BMI: Body
mass index.

adequate vitamin D levels, despite same degree of CD
activity.
Of note, our study results are in agreement with
prior studies that normal or adequate vitamin D stores
may play a protective role in the clinical course of
[14,21]
CD
. Furthermore, when adjusted for covariates
including age, sex, race, duration of disease, BMI,
smoking, steroid use, traditional and biological
immune modulator use; the disparity in CD-related
hospitalization rate remained significant among the
two vitamin D groups. This striking difference in
observed admission rates indeed warrants further
investigation to further characterize and understand
the role of vitamin D in CD.
Several factors have been shown to predict vitamin
D deficiency in CD. These include: insufficient sunlight
exposure, malnutrition, impaired conversion of vitamin
D to metabolite (i.e., 25-hydroxycholecalciferol),
accelerated breakdown, heightened excretion, and
gene mutations affecting vitamin D hydroxylation and
[22-24]
transport
. Besides, a notable seasonal variation
has been observed in CD in form of a winter decline
in vitamin D levels and rise in bone turnover markers
such as serum parathyroid hormone, osteocalcin,
bone-specific alkaline phosphatase and urinary
[25]
N-telopeptides of type 1 collagen . Meanwhile, nonCaucasian ethnicity, adequate sun exposure and
avoidance of tanning beds have been found to be
[26]
associated with sufficient vitamin D levels in CD .
CD might itself be the root of vitamin D deficiency.
Inflammatory cytokines in CD suppress renal 1-alpha
[27,28]
hydroxylase leading to vitamin D deficiency
.
Furthermore, CD is associated with altered T cell
response to gut microflora. Emerging evidence from
animal studies has linked vitamin D deficiency to T cell
self-reactivity and loss of immune tolerance to self[29]
structures . Longer disease duration, CD disease
activity and smoking status inversely correlate with
[22,30]
serum vitamin D levels
.
The Endocrine Clinical Practice Guidelines Committee
recommends screening of all IBD patients especially
[31]
those on corticosteroids for vitamin D status . Among
CD patients, serum vitamin D levels must be assessed
[8]
especially for those with: elevated ESR , long duration
of CD (> 15 years) and extended active stage of
[32]
disease . Between the two vitamin D subtypes, the
active form of vitamin D (i.e., 25-hydroxycholecalciferol)
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has more marked beneficial effect on CD activity as
[33]
reflected by decrease in C-reactive protein levels .
Further, oral active vitamin D is better absorbed even
in presence of distal small-bowel resection in CD,
and should therefore be preferred to cholecalciferol,
especially in CD patients with severe short-bowel
[34]
syndrome .
Among potential limitations of our study, the
following are noteworthy. We accounted for CD-related
hospitalizations exclusively within our institution.
Furthermore, we studied a small proportion of CD
patients seen at our institution, i.e., those with vitamin
D levels drawn. This could have potentially led to
selection bias. Retrospective observational study design
and the use of EMR for data extraction are additional
limitations. Due to this limitation, we couldn’t accurately
assess the various causes associated with vitamin D
deficiency in our patient population. Although vitamin
D levels fluctuate in various seasons possibly due
to difference in day light sun exposure, we did not
differentiate vitamin D levels according to the season,
as we assumed that state of Alabama has adequate
day light sun exposure throughout the year relative to
the North-eastern and Mid-western United states. We
calculated mean values for vitamin D levels collected
throughout our observation period. This would balance
variation in vitamin D levels around the year when
represented as a normal distribution.
In regard to whether our study’s conclusions are
generalizable to all CD patients, one should bear in
mind that the segment of CD patients seen at our
tertiary care IBD referral center represents those with
a more severe disease phenotype. This may explain
the significantly higher overall CD hospitalization rate
within our study population. Our findings are in general
applicable and relevant to CD patients with moderate
to severe disease compared to those with mild CD
While previous papers have studied the asso
ciation between vitamin D and clinical disease
activity in CD, our study is unique as it examines the
association between Vitamin D levels and Crohns
[17,18]
related hospitalization rates
. This association
merits further investigation because vitamin D is a
modifiable risk factor. Vitamin D level may serve as a
potential therapeutic and a health maintenance target
to improve quality of life and reduce complications
in CD. Further studies need to be done to assess if
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interventions to raise Vitamin D level will decrease
hospitalization rates. Also future research on this topic
should consider looking at the association between
vitamin D levels and other markers of disease outcome
in Crohn’s such as need for surgery and the frequency
and duration of corticosteroid use as well as mean
disease activity parameters through observation.
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akaike information criterion value. In this French cohort,
BCLC nomogram and NIACE score provided the best
prognostic information.

Abstract

Adhoute X, Pénaranda G, Raoul JL, Edeline J, Blanc JF, Pol
B, Campanile M, Perrier H, Bayle O, Monnet O, Beaurain P,
Muller C, Castellani P, Le Treut YP, Bronowicki JP, Bourlière
M. Barcelona clinic liver cancer nomogram and others staging/
scoring systems in a French hepatocellular carcinoma cohort.
World J Gastroenterol 2017; 23(14): 2545-2555 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i14/2545.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i14.2545

AIM
To compare the performances of the Barcelona clinic
liver cancer (BCLC) nomogram and others systems
(BCLC, HKLC, CLIP, NIACE) for survival prediction in a
large hepatocellular carcinoma (HCC) French cohort.
METHODS
Data were collected retrospectively from 01/2007 to
12/2013 in five French centers. Newly diagnosed HCC
patients were analyzed. The discriminatory ability,
homogeneity ability, prognostic stratification ability
Akaike information criterion (AIC) and C-index were
compared among scoring systems.

INTRODUCTION
Survival prediction and therapeutic strategy for
hepatocellular carcinoma (HCC) are based on Bar
celona classification of liver cancer staging system
[1,2]
(BCLC) in the West . It has become the reference
classification by its prognostic value, its simplicity, and
its treatment algorithm based on randomized clinical
[3]
studies . However, HCC staging systems remain a
controversial issue. Asian countries, in which HCC is
mainly related to HBV, have their own staging systems
[4]
and therapeutic recommendations . The BCLC system
has been criticized; the major issue is that stages B
and C HCC include a broad spectrum of tumors with
[5-7]
a single therapeutic option , and for some authors
[8-11]
other treatments are possible
. Subsequently,
changes have been made compared to the initial
[12]
version of the BCLC system
with the transfer of
single and large HCC > 50 mm from intermediate to
[3]
early stages , enhancing the heterogeneity within
[13]
[14]
this group . Older scores such as CLIP
showed a
better prognostic value than the BCLC system in large
[15,16]
Asian and Western HCC cohorts
. Therefore, a new
[17]
classification has been proposed, the HKLC system ,
which offers another stratification, and new therapeutic
proposals with surgery and chemoembolization to
treat more advanced HCC. Other scores, independent
[7,18,19]
of the BCLC system
or additional to the BCLC
[20,21]
system
have been proposed in recent years.
NIACE score (tumor Nodularity, Infiltrative nature of
the tumor, serum Alpha-fetoprotein level, Child-Pugh
[22]
stage, ECOG performance status)
determines subgroups of different survival prognosis irrespective of
[23]
[24]
the BCLC stage , or HCC treatment modalities .
This score has been validated either in European or
[25,26]
[27]
Asian cohorts
. Recently, Hsu et al
proposed
a simple nomogram, determined from a large HCC
cohort mainly related to HBV in order to improve the
prognostic value of the BCLC system.
The aims of this study were to assess and compare
the performances of the BCLC nomogram and others
staging and scoring systems (BCLC, HKLC, CLIP and
NIACE) for survival prediction in a large European
multicenter HCC cohort.

RESULTS
The cohort included 1102 patients, mostly men, median
age 68 [60-74] years with cirrhosis (81%), child-Pugh
A (73%), alcohol-related (41%), HCV-related (27%).
HCC were multinodular (59%) and vascular invasion
was present in 41% of cases. At time of HCC diagnosis
BCLC stages were A (17%), B (16%), C (60%) and D
(7%). First line HCC treatment was curative in 23.5%,
palliative in 59.5%, BSC in 17% of our population.
Median OS was 10.8 mo [4.9-28.0]. Each system
distinguished different survival prognosis groups (P <
0.0001). The nomogram had the highest discriminatory
ability, the highest C-index value. NIACE score had the
lowest AIC value. The nomogram distinguished sixteen
different prognosis groups. By classifying unifocal large
HCC into tumor burden 1, the nomogram was less
powerful.
CONCLUSION
In this French cohort, the BCLC nomogram and the
NIACE score provided the best prognostic information,
but the NIACE could even help treatment strategies.
Key words: Barcelona clinical liver cancer; Hong kong
liver cancer; NIACE; CLIP; Hepatocellular carcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Barcelona clinic liver cancer (BCLC) nomogram
was compared with BCLC, HKLC systems, CLIP,
and NIACE scores for survival prediction in a HCC
French cohort. 1102 patients were retrospectively
included, with cirrhosis (81%), child-Pugh A (73%).
Hepatocellular carcinoma (HCC) were multinodular
(59%) and with vascular invasion (41%). At time of
HCC diagnosis, patients were mainly BCLC-C (60%).
First line HCC treatment was curative (23.5%) or
palliative (59.5%). Median OS was 10.8 mo [4.9-28.0].
BCLC nomogram had the highest discriminatory ability,
the highest C-index value. NIACE score had the lowest
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BCLC D encompassed tumors leading to a very
poor performance status (PS 3-4), or patients with
severe liver impairment (Child-Pugh B9 grade) and
tumors beyond the transplantation threshold. ChildPugh C patients were excluded because the NIACE
score did not incorporate Child-Pugh C grade.
The HKLC classification, the CLIP score and the
BCLC nomogram were applied to each patient before
treatments initiation.
The NIACE score was calculated with all parameters
collected before treatments initiation, as follows: 1x
(Nodular numbers 0 if < 3, 1 if ≥ 3) + 1.5x (Infiltrating
tumors: 0 if no, 1 if yes) + 1.5x (Alpha-fetoprotein
level: 0 if < 200, 1 if ≥ 200 ng/mL) + 1.5x (Child-Pugh
grade: 0 if A, 1 if B) + 1.5x (ECOG PS score 0 if 0, 1 if
≥ 1).

MATERIALS AND METHODS
This retrospective study was conducted in five French
centers (Marseille, Nancy, Bordeaux, and Rennes).
During a period of seven years, from January 2007 to
December 2013, all HCC patients treated or not, have
been included in this study.
HCC diagnosis was based on the identification
of the typical hallmark of HCC (EASL - AASLD
[28]
criteria)
and, if a patient did not have a typical
HCC on imaging or a cirrhotic liver, or if there was
discordant results between non-invasive criteria (such
as fibrometer and fibroscan), a biopsy was required.
The analyzed data (clinical, biological, radiological,
therapeutic options, response to treatment and
follow-up) were prospectively collected and retro
spectively analyzed using the same methodology in
the different centers. This study was approved by
local ethics committee.
HCC were ranked at diagnosis and during follow-up
according to their morphologies (nodular or infiltrative
HCC) assessed by multi-sliced contrast-enhanced
CT and/or MRI. Liver cancers were either nodular
HCC, that is an arterially enhancing mass with clear
demarcation and washout in the portal venous phase,
or infiltrative HCC, that is an ill-defined tumor with no
distinct margination of any portion, characterized by
inhomogeneous areas of enhancement on the arterial
phase images and corresponding areas of washout on
more delayed phases of contrast enhancement. These
tumors may be more visible among the surrounding
liver parenchyma at diffusion- and T2- weighted MR
images and are frequently associated with vascular
[29-32]
invasion
. Early (BCLC A) and intermediate (BCLC
B) HCC without vascular invasion, considered as
infiltrative tumor as opposed to encapsulated tumors,
were tumor with non-smooth tumor margins (i.e.,
tumor with focal extranodular extension beyond
the tumor capsule or focal infiltrative margin), or
[33-35]
those with peritumoral enhancement
, or those
associated with biliary dilatation. Two liver imaging
“senior experts” radiologists reviewed images
retrospectively.

Treatments

Treatment and follow-up modalities were applied
similarly in all centers.
Surgery: In general, patients with resectable tumors
were selected for surgery if they had a performance
status of 0 with both Child-Pugh grade A or B7,
and on the basis of their functional hepatic reserve
(indocyanine green retention rate at 15 min <
15%) and on the estimated remnant liver volume,
regardless of HCC morphologies. Our protocols for
the assessment of FHR and determination of surgical
extent include biochemical liver function tests, blood
cell count, IGR R15, and triphasic liver CT with
volumetry. Gastroesophageal endoscopic ﬁndings were
also taken into consideration for cirrhotic livers.
Patients without clinically signiﬁcant portal
hypertension and with normal serum bilirubin value
were first considered for resection. Patients who
underwent surgery vs radiofrequency ablation were
as expected younger with less cirrhosis and larger
tumor size. In cirrhosis, candidates for resection were
carefully selected to diminish the risk of post-operative
[36]
liver failure . Portal hypertension (presence of either
esophageal varices (EV), or splenomegaly with platelet
3
count below 100000/mm ) was considered as a
contraindication for liver resection, but in BCLC A HCC
patients with well-preserved liver function, and IGR at
15 min < 15%, not suitable for radiofrequency ablation
(RFA) or transplantation, a minor hepatic resection was
[37-39]
proposed
. Surgery was made after endoscopic
treatment of EV.
Some BCLC C HCC patients were selected for
hepatectomy according to the following selection
criteria: PS 0, Child-Pugh A with bilirubin level ≤
1.0 mg/dL, single nodule with limited portal vein
thrombosis (i.e., with second-order branch and third[8]
order branch) .

Patients’ classification according to staging and scoring
systems

Following categories were used for the BCLC
classification: BCLC A HCC was defined as patients
having solitary tumor > 2 cm or no more than 3
tumors not exceeding 3 cm in diameter, PS 0, ChildPugh grade A or B.
BCLC B HCC encompassed patients with multiple
tumors beyond 3 cm, PS 0, Child-Pugh grade A or B.
BCLC C encompassed any tumor with radiologically
evident or histologically proven macrovascular invasion
(portal vein, hepatic vein, inferior vena cava) and/or
patients with lymph nodes and/or distant metastases
and/or patients with cancer related - symptoms, with
preserved liver function.
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Radiofrequency ablation: Applied in patients with
resectable tumor ≤ 50 mm of diameter or within the
Milan criteria (single tumor ≤ 50 mm or up to three
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tumors ≤ 30 mm in diameter).
Patients who underwent both radiofrequency
ablation and chemoembolization vs radiofrequency
ablation alone had larger tumor size.

and death or time of last follow-up. Proportionality
of the subdistribution hazards was assessed by both
inspecting Schoenfeld-type residuals and testing
[44]
correlation of these residuals with time . In case
of proportionality of hazards across time, survivals
between groups were compared using log-rank test;
generalized Wilcoxon test was used in case on non[45]
proportionality of hazards . Discriminatory ability of
each staging system was performed using χ ² linear
trend test (LT) and the Akaike information criteria
(AIC): the higher is the LT and the lower is the AIC,
the higher is the discriminatory ability of the model.
Homogeneity of each staging system was performed
using likelihood ratio (LR) calculated using the Cox
regression model: the higher de LR, the lower is the
difference among the patients classified into the same
group by each staging system. The C-index was also
used to determine the performance of the model. The
larger the C-index, the more accurate the prognostic
[46]
prediction was . All p-values were considered
significant at α-level = 0.05. All calculations were
performed using the SAS V9.1 statistical software (SAS
Institute Inc. Cary, NC).

Chemoembolization: Multinodular HCC with en
hancing lesions, PS 0, Child-Pugh grade A or B7, were
treated by TACE, regardless of HCC morphologies.
Patients were treated by conventional TACE using
the same inclusion/exclusion criteria in the different
centers. TACE (Trans Arterial Chemoembolization)
was performed in a standard fashion with a selective
injection of a mixture of epirubicin (50 mg) and lipiodol
(10 mL), followed by embolization with Gelfoam
fragments. A second TACE was carried out 6 to 8
weeks later unless clear progress or serious adverse
events occurred. Other TACE procedures were planned
“on demand”, according to the results of radiological
and AFP assessments made every 12 wk. The EASL
criteria, based on a bi-dimensional measurement of
the tumor’s enhanced viable component, were used to
[40,41]
evaluate tumor response
.
Patients with segmental vein thrombosis were left
in the analysis because, in most centers, this is not
[42,43]
considered as a contraindication for TACE
.
Patients excluded from this retrospective analysis
were: patients who received TACE as a bridge for liver
transplantation; Child-Pugh C patients, and patients
treated by liver transplantation.

RESULTS
Patient characteristics

Patients’ characteristics are indicated in Table 1. The
cohort included a total of 1102 patients, the majority
of patients were male (86%) and the median age was
68 [60-74] years. Cirrhosis was present in 81% of
patients; 73% of them were ranked Child-Pugh grade
A. Underlying liver disease was related to alcohol in
41% of the patients, and to viral C hepatitis in 27%
of the patients. HCC were multinodular in 59% of
the cases and 43% of the patients had at least three
nodules. Portal vein thrombosis was present in 41% of
the cases, and 43% of HCCs were infiltrating tumors.
Baseline ECOG performance status of our population
(as expression of symptomatic tumor) was as follows:
PS 0 (50%), PS 1-2 (46%), PS 3-4 (4%).
The stratification of patients according to the BCLC
system was as follows: BCLC A (17%), BCLC B (16%),
BCLC C (60%), and BCLC D (7%).
The primary anti-cancer treatments of patients
are shown in Figure 1 and Table 1. twenty-three point
five percent of the patients received treatments of
curative intent (surgery, RFA ± TACE), while 59.5%
of the patients received a palliative treatment (TACE,
sorafenib, others systemic treatments) and 17% only
best supportive care.

Sorafenib

The initial sorafenib dose was determined according to
different factors, such as Eastern Cooperative Oncology
Group Performance Status and liver function. ChildPugh A patients received 400 mg twice a day and
Child-Pugh B patients 200 mg, twice a day. A reduction
in the sorafenib dose or a temporary interruption
was allowed, depending on the type and severity of
any adverse event (grade 2 or higher on the National
Cancer Institute’s Common Terminology Criteria for
Adverse Events (CTCAE), version 4.0). Sorafenib
treatment was continued unless intolerable toxicity or
clinical disease progression was observed. CT and/or
MRI were used to evaluate the tumor response every
3 mo.
Patients had received Sorafenib since 2008; fifty
six patients had received other palliative treatments
before 2008 including tamoxifen or pravastatin (n =
23), or chemotherapy with doxorubicin (n = 20), and
others drugs in clinical trials (n = 13).

Statistical analysis

Survival analysis and stage-specific survival

Continuous data are expressed as median [quartile
1 - quartile 3] and categorical data are expressed as
rates. Normality of the data was assessed by ShapiroWilks test. Overall survival was the endpoint used.
The time of survival was defined as the time interval
between the diagnosis of hepatocellular carcinoma
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Median overall survival for the entire cohort was 10.8
mo [4.9-28.0], consistent with the median followup duration: 10 mo [4.4-22.7]. Eighty-two percent of
patients died. Median overall survival according to the
BCLC system was as follows: BCLC A 43 mo [36-57],
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HCC (01/2007_12/2013) centers 1, 2, 3, 4
BCLC stage A /B /C /D n = 1102
Best supportive care n = 185
BCLC C n = 89
BCLC B n = 16
BCLC D n = 80

Surgery/RFA

Palliative treatments

Surgery n = 205

TACE n = 260

BCLC A n = 125

Sorafenib n = 342

BCLC B n = 112

BCLC B n = 30

BCLC C n = 342

BCLC A n = 27 (not eligible for surgery or
RFA)

BCLC C n = 50 (single nodule with
segmental portal vein thrombosis, PS 0,
Child-Pugh A with bilirubin level ≤ 1.0
mg/dL)

BCLC C n = 121 (segmental portal vein
thrombosis, PS 0/1, Child-Pugh A/B7)

Other palliative
treatments
BCLC C n = 56

RFA ± TACE n = 54
BCLC A n = 35
BCLC B n = 19

Figure 1 Flow diagram shows the patient selection criteria. BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; PS: Performance status;
TACE: Trans arterial chemoembolization.

BCLC B 19 mo [17-23], BCLC C 8 mo [7-9] and BCLC
D 2 mo [2-3] (P (Log-Rank) < 0.0001) (Figure 2A).
The HKLC system differentiated within this cohort
between nine subgroups with median overall survival
ranging from 43 [36-55] mo for the HKLC group 1 to
3 [2-4] mo for the HKLC group 5b, P (Wilcoxon) <
0.0001. However, several subgroups (Ⅱa/Ⅱb, Ⅲb/Ⅳa,
Ⅳb/Ⅴb) had a similar overall survival (Figure 3).
The CLIP and NIACE scores differentiated within this
cohort seven and ten subgroups respectively with a
different prognosis, P (Wilcoxon) < 0.0001 (Figure 3).
CLIP scores ranked 74% of the patients in the first three
groups (0 - 1 - 2): 19%, 30% and 25%, respectively.
The distribution of patients in the ten subgroups from
the NIACE score was more homogeneous (NIACE 0:
14%, 1: 8%, 1.5: 16%, 2.5: 11%, 3: 17%, 4: 12%, 4.5:
9%, 5.5: 8%, 6: 2% and NIACE 7: 3%).
The nomogram values within the cohort are
shown in the Figure 4. In summary, the nomogram
distinguished sixteen subgroups. Analysis of survival
time based on nomogram BCLC values showed a
significant difference, P (Wilcoxon) < 0.0001, survival
time decreased with increasing nomogram values.

Table 1 Patients’ characteristics at diagnosis (n = 1102)
and first hepatocellular carcinoma recorded treatment n (%)
All patients (n = 1102)
Age - Median (Q1-Q3), yr
Gender
Male/Female
Liver disease
Alcoholism/HCV/HBV/MS/
Other
Cirrhosis
Child - Pugh grade
A/B
Tumor Size (Q1-Q3) mm
Multifocal
Nodules
< 3/≥ 3
Portal vein thrombosis
Infiltrative HCC
AFP - Median [Q1-Q3], ng/mL
ECOG (PS)
0/1-2/3-4
BCLC stage
A/B/C/D
Treatment allocation
Resection/RFA ± TACE
TACE
Sorafenib
Other palliative treatments
Supportive care

68 (60-74)
943 (86)/159 (14)
452 (41)/297 (27)/66 (6)/99 (9)/188
(17)
895 (81)
653 (73)/242 (27)
43 (20-75)
654 (59)
633 (57)/469 (43)
452 (41)
469 (43)
53 (7-1300)
553 (50)/506 (46)/43 (4)
187 (17)/177 (16)/658 (60)/80 (7)
259 (23.5)
260 (23.5)
342 (31)
56 (5)
185 (17)

Comparison of predictive accuracy for overall survival
between the nomogram and the conventional staging
and scoring systems

HBV: Hepatitis B virus; HCV: Hepatitis C virus; MS: Metabolic syndrome;
AFP: Alpha-foetoprotein; ECOG PS: Eastern Cooperative Oncology
Group Performance Status; BCLC: Barcelona Clinic Liver Cancer; RFA:
Radiofrequency ablation; TACE: Trans arterial chemoembolization.
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Performances of the nomogram and other staging and
scoring systems for survival prediction are indicated in
Table 2. The C-index of the nomogram for predicting overall
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Table 2 Comparison of predictive accuracy for overall survival between the nomogram and the conventional staging and scoring
systems (Barcelona clinic liver cancer, HKLC, CLIP, NIACE)
Score

BCLC Nomogram
NIACE
BCLC
HKLC
CLIP
Nomogram according to BCLC last version

Discriminatory ability

Homogeneity likelihood

Akaike information

linear trend test

ratio test

criterion

LT (χ ²)

P value

LR (χ ²)

P value

93.2169
91.6906
79.0342
71.8861
87.2785
86.1320

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

500.7218
532.0369
380.4100
455.3169
430.3872
417.4356

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

10679.513
10648.198
10805.825
10740.918
10749.848
10762.799

C-index

0.719
0.718
0.674
0.698
0.716
0.698

A

1.0

Kaplan Meier estimates

BCLC last version transfer single and large HCC > 50 mm from intermediate to early stages[3]. BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular
carcinoma.

0.8

0.4

0.0

Kaplan Meier estimates

B

BCLC A
43 (34-56)

0.6

0.2

stratification ability with regard to prognosis in patients
with HCC, within a European HCC cohort, mostly
[47,48]
BCLC-C
compared to other known staging and
scoring systems (BCLC, HKLC systems, CLIP score). By
specifying the magnitude of each variable within the
BCLC system (tumor burden, liver function, general
conditions), the nomogram can better predict the
survival of patients with HCC. In previous studies, CLIP
and NIACE scores showed a better predictive value
for survival compared to other staging and scoring
systems within two large Asian and European HCC
[15,25,26]
cohorts
.
In our study the CLIP score also distinguished
between subgroups with significantly different
survival, but the majority of patients (74%) were in
the first three groups (CLIP 0, 1 and 2), as previously
[15,49,50]
described
, limiting its discriminatory capacity.
The HKLC classification proposes another stra
tification with five groups and nine subgroups in order
to enhance prognostic accuracy for HCC; the early
stages (Ⅰ, Ⅱa) include BCLC A and B HCC patients, the
intermediate stages (Ⅱb, Ⅲa) include BCLC A, B and
C HCC patients and the locally advanced stages (Ⅲb)
include BCLC B and C HCC patients. Despite a greater
number of subgroups, some of them had the same
survival (Ⅱa/Ⅱb, Ⅲb/Ⅳa and Ⅳb/Ⅴb), as previously
[51]
reported , reducing the usefulness of this new
classification in a European cohort.
The nomogram showed a higher predictive power
for survival within this external European cohort, but
there is still some issue. The nomogram is a reliable
predictor of survival for patients with HCC, however
this nomogram is complex ranging from 0 to 26 points
and in our cohort, it distinguished sixteen subgroups.
Moreover, it doesn’t help clinicians in treatment
decision. A simplified stratification into five sub-groups
is possible: [0-5], [5-10], [10-15], [15-19], and [≥
20]; the survival time observed in our cohort was
respectively: 35 [30-38] mo, 12 [10-16] mo, 9 [8-10]
mo, 4 [3-4] mo, and 2 [2-3] mo, P < 0.0001 (Figure
2B). These results should be validated, or other
thresholds may be suggested by a specific analysis.
There is another issue with the nomogram after

p(Log-Rank) < 0.0001

BCLC C
8 (7-9)
BCLC D
2 (2-3)

P < 0.001

BCLC B
19 (17-23)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Survival time (mo)
1.0

p(Log-Rank) < 0.0001

0.8
0.6
0.4
0.2
0.0

(5-10)
11 (9-15)

(0-5)
35 (29-38)

P < 0.001

(10-15)
9 (8-10)
(15-19)
4 (3-4)
(≥ 20)
2 (2-3)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Survival time (mo)

Figure 2 Kaplan-Meier estimated survival curves stratified according to
Barcelona clinic liver cancer stages (A) or to Barcelona clinic liver cancer
nomogram stratified in 5 classes (0-5), (5-10), (10-15), (15-19), (≥ 20) (B).

survival was 0.719, significantly higher than the BCLC
system (0.674), the HKLC system (0.698). The nomogram
yielded a higher discriminative ability (LT (χ ²) = 93.2169)
than the other systems. The likelihood ratio test showed
that the nomogram had an additional homogeneity of
survival within each score (500.7218) close to the best
value produced by the NIACE score (532.0369), and
higher than other systems. Moreover, the nomogram
was associated with a lower corrected Akaike information
criterion (10679.513) compared with the other systems
and close to the best value produced by the NIACE score
(10648.198).

DISCUSSION
Our findings indicate that the nomogram has a good
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HKLC

Survival time (mo)

60

p(Log-Rank) < 0.0001

43
40
24

23
16

20

0

1

2a

2b

3a

8

8

3b

4a

7

3
4b

Patients, n (%) n = 144 (13%) n = 13 (1.0%) n = 223 (20%) n = 40 (4.0%) n = 367 (33%) n = 161 (15%) n = 54 (5.0%)
survival, median
(Q1-Q3)

43 (36-55)

24 (14-25)

23 (20-28)

16 (10-21)

8 (6-9)

5a
5b
n = 14 (1.0%) n = 86 (8.0%)

3 (2-4)

7 (4-10)

3 (2-4)

CLIP

37

40

8 (8-10)

3

Survival time (mo)

p(Log-Rank) < 0.0001
30

20

10
10

0
Patients, n (%)
survival, median
(Q1-Q3)

50

Survival time (mo)

16

5

4

2

1

   0
n = 207 (19%)

1
n = 327 (30%)

2
n = 277 (25%)

3
n = 195 (18%)

4
n = 70 (6.0%)

5
n = 21 (2.0%)

6
n = 5 (< 1%)

37 (32-47)

16 (14-19)

10 (8-11)

5 (5-7)

4 (3-5)

2 (2-3)

1 (1-2)

NIACE

44

p(Log-Rank) < 0.0001

40
30

22

20

20

14
9

10
0

0

1

1.5

2.5

7

3

4

4

4

3

3

4.5

5.5

6

7

Patients, n (%) n = 152 (14%) n = 89 (8.0%) n = 181 (16%) n = 116 (11%) n = 189 (17%) n = 135 (12%) n = 92 (9.0%) n = 89 (8.0%) n = 27 (2.0%) n = 32 (3.0%)
survival, median
(Q1-Q3)

44 (37-57)

22 (18-28)

20 (15-26)

14 (12-17)

9 (8-10)

7 (6-8)

4 (4-5)

4 (4-5)

3 (2-4)

3 (1-4)

Figure 3 Overall survival Histograms according to HKLC staging system, CLIP score and NIACE score in our hepatocellular carcinoma cohort.
[3]

[22,24]

the adoption of changes in the BCLC system , which
could affect its discriminatory capacity. Single and
large tumors (> 50 mm) were included into the BCLC
A group; therefore, they should logically be included in
the tumor burden grade 1 and not 2. By applying this
rule, the predictive value of the nomogram became
lower (c-index: 0.698 vs 0.719) (Table 2).
In addition, the prognostic accuracy of the
nomogram and the NIACE are close within this
cohort. However, NIACE score is not only an additional
[22,26]
prognostic score to the BCLC system
, but it can
be used as an aid to the decision-making process,
distinguishing different prognostic groups among
patients treated by surgery or those treated by TACE

WJG|www.wjgnet.com

or Sorafenib
. The combination of classification
plus scores (BCLC and NIACE) have already showed
an additional value for treatment recommendation in
a retrospective cohort and prospective validation study
[52]
should be designed .
There are several limitations of the present study
including the retrospective study design, its multicenter
nature, which may make bias unavoidable. Regarding
treatment decision, BCLC treatment recommendations
are seldom followed due to great heterogeneity within
[48,53,54]
each stage
. In our study, 33% of patients
received treatment outside BCLC recommendations
[14% of BCLC A HCC patients (n = 27), 28% of BCLC
B HCC patients (n = 49), and 40% of BCLC C HCC
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Point
0
Performance
status
Child
class

   1

2

3

0

4

   5

8

9

1

   10

3-4

B

0

Total
points

7

1-2

A

Tumor
burden

6

C

2

0

5

3

10

15

19

26

Performance Status (PS) 3-4: 6.7 points, PS 1-2: 3 points
Child-Pugh-Turcotte CPT C: 8.9 points, CPT B: 5.2 points
Tumor burden (TB) grade 3: 10 points, TB grade 2: 3.7 points, TB grade 1: 1.2 points
70
60
Survival time (mo)

BCLC nomogram

63

p(Log-Rank) < 0.0001
51
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40
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0
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0

1.2

3.7
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6.4

6.7
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  9.4
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7

7

11.9

13

7

3
13.1

15.2

3

4

2

15.6

18.2

21.9

n = 5 n = 99 n = 201 n = 2 n = 14 n = 111 n = 21 n = 1 n = 196 n = 68 n = 196 n = 3 n = 18 n = 12 n = 127 n = 28
63
51
27
(43-63) (37-61) (22-35)

-

21
(8-25)
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17
(9-13) (15-22)

-

12
(10-15)

7
(5-8)

7
(6-8)

3
(2-8)

7
(4-15)

3
(2-4)

4
(3-4)

2
(2-3)

Figure 4 Survival time in months according to hepatocellular carcinoma nomogram. Hsu et al[27] in our hepatocellular carcinoma cohort.

patients (n = 227)]. sixty-two percent of patients
undergoing surgery or RFA were ranked as BCLC A
HCC, 43% of patients treated by TACE were ranked
as BCLC B HCC, and 40% of treated BCLC C patients
received a first-line treatment other than sorafenib.
Our cohort mainly included advanced HCC, that is a
heterogeneous population with limited therapeutic
option until now, namely sorafenib with modest survival
[55]
benefit
or inclusion in randomized trials who do not
reflect patients in daily clinical practice. In our study
[56-59]
like others
impairment of liver function is the
major factors that preclude patient to receive sorafenib.
Moreover BCLC-C patients before sorafenib availability
have received others non-valuable treatment. Each
BCLC stage including a broad spectrum of tumors, a
proportion of patients in each stage do not fulfill all
the criteria for the treatment allocation, and for some
[8,54,60,61]
authors other therapeutic options are possible
.
Therefore treatment recommendations based on new
combination of BCLC and scoring systems such as
NIACE or other are urgently required.
In summary, this study confirms the BCLC nomo
gram as a new HCC reliable prognostic tool; its
predictive value on survival is higher compared to
known classifications and scoring system. However,
the usefulness of this nomogram is limited due to

WJG|www.wjgnet.com

its complexity and the fact that it is not linked to a
therapeutic strategy. BCLC system remains the most
widely used staging system, however BCLC treatment
recommendations are seldom followed suggesting the
need for better tools.
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Abstract
AIM
To evaluate a laparoscopic approach to gallbladder
lesions including polyps, wall-thickening lesions, and
suspected T1 and T2 gallbladder cancer (GBC).

Informed consent statement: Patients were not required to
give informed consent to this study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
We performed 50 cases of laparoscopic whole-layer
cholecystectomy (LCWL) and 13 cases of laparoscopic
gallbladder bed resection (LCGB) for those gallbladder
lesions from April 2010 to November 2016. We
analyzed the short-term and long-term results of our
laparoscopic approach.
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RESULTS
The median operation time was 108 min for LCWL and
211 min for LCGB. The median blood loss was minimal for
LCWL and 28 ml for LCGB. No severe morbidity occurred
in either procedure. Nine patients who underwent
LCWL and 7 who underwent LCGB were postoperatively
diagnosed with GBC. One of these patients had undergone
LCGB for pathologically diagnosed T2 GBC after LCWL.
All of the final surgical margins were negative. Three of
these 15 patients underwent additional open surgery. The
mean follow-up period was 26 mo, and only one patient
developed recurrence.
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CONCLUSION
LCWL and LCGB are safe and useful procedures that
allow complete resection of highly suspected or earlystage cancer and achieve good short-term and longterm results.

managed. We use a laparoscopic approach depending
on the type of gallbladder lesion, including suspected
T1 and T2 GBC, in our institution. In this study, we
evaluated the short-term and long-term outcomes of
our strategy.

Key words: Laparoscopic cholecystectomy; Whole-layer
cholecystectomy; Gallbladder bed resection; Radical
cholecystectomy; Gallbladder carcinoma

MATERIALS AND METHODS
Laparoscopic approach

Since April 2010, we have used a laparoscopic
approach depending on the type of gallbladder lesion
being treated. A laparoscopic approach is indicated
for polyps larger than 10 mm, growing polyps, wallthickening lesions including chronic cholecystitis and
adenomyomatosis, and suspected T1 or T2 GBC.
Computed tomography, magnetic resonance imaging,
and abdominal ultrasonography are routinely carried
out as preoperative examinations. When GBC is highly
suspected and a more exact differential diagnosis is
required, clinicians may consider the use of endoscopic
ultrasonography, positron emission tomography, and
multidetector computed tomography. An algorithm
of our laparoscopic approach to gallbladder lesions
is shown in Figure 1. Intraoperative ultrasonography
(IOUS) is usually performed first during the operation.
We perform laparoscopic whole-layer cholecystectomy
(LCWL) for suspected benign lesions rather than
for GBC. In conventional cholecystectomy, the gal
lbladder is dissected along the inner layer of the
[14]
subserosal layer . On the other hand, the gallbladder
is removed including the cystic plate by dissecting
along the outer layer of the subserosal layer in wholelayer cholecystectomy. These benign lesions include
wall-thickening lesions such as adenomyomatosis
and chronic cholecystitis, pedunculated polyps on
the peritoneal side or smaller than 15 mm, and
sessile polyps on the peritoneal side and smaller
than 15 mm. When intraoperative or postoperative
pathological examination unexpectedly reveals the
presence of GBC invading beyond the muscular layer,
additional gallbladder bed resection and regional
lymphadenectomy are considered. These additional
procedures were previously performed by open
surgery but can now be performed laparoscopically
because of technical improvements. However, we
perform laparoscopic gallbladder bed resection (LCGB)
for pedunculated polyps on the liver side and larger
than 15 mm, sessile polyps on the liver side or larger
than 15 mm, and suspected T1 and T2 GBC. In Japan,
D1 lymphadenectomy is defined as removal of the
lymph nodes around the cystic duct and common
bile duct, and D2 lymphadenectomy is defined as
removal of the lymph nodes in the hepatoduodenal
ligament, around the common hepatic artery, and
around the posterosuperior region of the pancreas
head. We perform LCGB with D2 lymphadenectomy
for strongly suspected or definite T2 GBC, but with D1
lymphadenectomy for other lesions.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic cholecystectomy is commonly
performed for the treatment of benign diseases.
Gallbladder carcinoma (GBC) is typically managed by
open surgery because of various concerns associated
with potential dissemination, recurrence, and techni
cal difficulties. However, many benign lesions are
difficult to differentiate from GBC, including polyps
and lesions that cause wall thickening. We use a
laparoscopic approach for many types of gallbladder
lesions including gallbladder carcinoma. This study
demonstrated that our laparoscopic approach is safe,
useful, and allows for the complete resection of highly
suspected or early-stage gallbladder cancer.
Ome Y, Hashida K, Yokota M, Nagahisa Y, Okabe M, Kawamoto
K. Laparoscopic approach to suspected T1 and T2 gallbladder
carcinoma. World J Gastroenterol 2017; 23(14): 2556-2565
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i14/2556.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i14.2556

INTRODUCTION
Laparoscopic cholecystectomy (LC) is a basic approach
for benign diseases such as cholecystolithiasis.
However, laparoscopic surgery for gallbladder
carcinoma (GBC) has not been widely employed.
This is because of the highly malignant potential of
GBC, higher rates of port-site recurrence (PSR) and
peritoneal dissemination caused by intraoperative
perforation of the gallbladder in LC than in open
cholecystectomy, and the technical difficulties involved
in the laparoscopic performance of standard GBC
[1]
procedures . Meanwhile, many benign lesions are
difficult to differentiate from GBC, including polyps and
wall thickening lesions such as chronic cholecystitis and
[2-12]
adenomyomatosis
. Such lesions are sometimes
diagnosed as GBC postoperatively by pathological
examination. Achieving the correct preoperative
[13]
diagnosis and stage of GBC is very difficult .
Tumor exposure as well as intraoperative gallbladder
perforation can increase the risk of cancer relapse;
therefore, the above-mentioned lesions, which are
associated with suspected GBC, should be carefully
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Pedunculated polyps on the liver side
and ≥ 15 mm
Sessile polyps on the liver side or
≥ 15 mm
Suspected T1 and T2 GBC

Suspected benign wall-thickening
lesions like chronic cholecystitis and
adenomyomatosis
Pedunculated polyps on the peritoneal
side or < 15 mm
Sessile polyps on the peritoneal
side and < 15 mm

Intraoperative
ultrasonography
Laparoscopic whole-layer
cholecystectomy

Benign or
pT1a GBC

pT1b or T2
GBC

Completion of
treatment

Laparoscopic gallbladder bed resection
1
with regional lymphadenectomy
pT1b or T2 GBC
without vascular
invasion and
with a negative margin of
the cystic duct stump

pT1b or T2 GBC
with severe
vascular invasion or
with a positive margin of
the cystic duct stump

Completion of
treatment

Additional laparoscopic or open
gallbladder bed resection
with regional lymphadenectomy

Considering additional open
extrahepatic bile duct resection
with regional lymphadenectomy

Figure 1 Algorithm of our laparoscopic approach to gallbladder lesions. 1D2 lymphadenectomy for suspected T2 GBC, and D1 lymphadenectomy for the others.
D1 lymphadenectomy is defined as removal of the lymph nodes around the cystic duct and the common bile duct. D2 lymphadenectomy is defined as removal of
the lymph nodes in hepatoduodenal ligament, around the common hepatic artery, and around the posterosuperior region of the pancreas head. GBC: Gallbladder
carcinoma.

Laparoscopic whole-layer cholecystectomy

on the umbilicus, a 12-mm trocar is placed in the
epigastric region, and two 5-mm trocars are placed in
the right subcostal area. When we plan to perform D2
regional lymphadenectomy, a 12-mm trocar for the
laparoscope is also inserted through the umbilicus, a
12-mm trocar is inserted into the right flank region, a
5-mm trocar is inserted into the left flank region, and
two 5-mm trocars are inserted into the right and left
subcostal areas, respectively (Figure 3a and b). First,
IOUS is performed as described above. We sometimes
cut and retract the round ligament to maintain a
good operative field. In D1 lymphadenectomy, the
hepatoduodenal ligament above the upper margin
of the pancreas is dissected using laparoscopic
coagulating shears (LCS). The right hepatic artery and
cystic artery are identified, and the cystic artery is cut
at its origin. The cystic duct is clamped and cut at its
origin, and the lymph nodes are removed from the
common bile duct and right hepatic artery (Figure 3c).
We do not completely remove the lymph nodes in the
hepatoduodenal ligament during the first operation
when the presence of GBC and the depth of its
invasion are uncertain; however, we intend to resect
the lymph nodes around the cystic artery, cystic duct,
and common bile duct, including the sentinel lymph
nodes, and to achieve a negative surgical margin.
In D2 lymphadenectomy for suspected or definite
T2 GBC, Kocher’s mobilization is fully performed and
the inferior vena cava and left renal vein are then

The trocars in LCWL are positioned as in conventional
LC. A 12-mm trocar for the laparoscope is placed on
the umbilicus, a 5-mm trocar in the epigastric region,
and two 5-mm trocars in the right subcostal area.
Alternatively, LCWL can be performed by a singleincision approach (Figure 2a). First, IOUS is performed
to examine the lesion and investigate the extent of
the tumor. The cystic duct and the cystic artery are
separated and cut, and the sentinel lymph nodes
(around the cystic duct) are removed to check for
lymph node metastasis. When the tumor extension
approaches the cystic duct, the cystic artery and duct
are cut at their origin. We take special care to avoid
grasping the tumor site and causing perforation during
the cholecystectomy. The adipose tissues and cystic
plate of Calot’s triangle are resected. The surface of
the liver parenchyma, which is covered by a glossy
membrane called Laennec’s capsule, is then exposed.
The whole-layer gallbladder wall, which includes the
cystic plate, is easily detached from the liver bed by blunt
dissection without bleeding, leaving Laennec’s capsule on
the liver surface (Figure 2b and c). A drain is usually
unnecessary. The resected specimen is inserted into a
retrieval bag and extracted though the umbilical port
site.

Laparoscopic gallbladder bed resection

A 12-mm trocar for the laparoscope is usually placed
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and to preserve the pericholedochal vessels, thus
avoiding delayed biliary stenosis. The cystic artery
and duct are clamped and cut at their origin, and
regional lymphadenectomy is completed (Figure 3f).
The Pringle maneuver is usually performed with an
extracorporeal tourniquet during liver parenchymal
transection (Figure 3g). The resection line of the liver is
determined about 1 to 2 cm away from the gallbladder
bed margin. The superficial layer of the resection
area is dissected using LCS. The liver parenchyma is
transected by the clamp crushing method using LCS
or a bipolar device, and the remaining fibrous tissues
and small vessels are cut using LCS (Figure 3h). A
comparatively large vein should be carefully separated,
clamped, and cut. After resection of the gallbladder
bed has been completed, careful hemostasis is finally
confirmed (Figure 3i). A drain is placed through the
foramen of Winslow. The resected specimen is inserted
into a retrieval bag and extracted though the enlarged
umbilical port site.

A

Umbilical incision

B

Patients

From April 2010 to November 2016, 52 patients under
went LCWL and 13 underwent LCGB for gallbladder
lesions suspected to be GBC. Two of the 52 patients
who underwent LCWL with simultaneous resection of
another cancer site were excluded from this study.
The patient characteristics, perioperative findings,
pathological findings, and postoperative outcomes
of the patients who underwent LCWL or LCGB were
retrospectively reviewed, and the short-term and longterm outcomes of our laparoscopic approach were
analyzed.

C

Statistical analysis

The patients’ characteristics are expressed as median
with range for continuous data and as number with
percentage for categorical data. The RFS rates were
estimated using the Kaplan-Meier method. These
analyses were performed using SPSS, version 20.0
(IBM Corp., Armonk, NY, United States).

Figure 2 Surgical procedure for laparoscopic whole-layer cholecystectomy.
A: The wound just after single-incision laparoscopic whole-layer cholecystectomy;
B: Detachment of the whole-layer gallbladder wall from the liver bed, leaving
Laennec’s capsule (arrow) on the liver surface; C: After resection of the
gallbladder.

identified (Figure 3d). Next, the lymph nodes around
the posterosuperior region of the pancreas head are
removed (Figure 3e). The magnified laparoscopic view
enables us to accurately identify the boundary between
the pancreatic parenchyma and surrounding adipose
tissues to allow for safe dissection of the lymph nodes
from the pancreas. The vessels around the pancreas,
such as the posterior superior pancreaticoduodenal
artery and vein, are effective guides for the dissection,
and the dissection proceeds along those vessels.
Lymphadenectomy is continued along the superior
border of the pancreas and common hepatic artery.
The lymph nodes are then dissected along the portal
vein, proper hepatic artery, left and right hepatic
arteries, and common bile duct. We are careful to
avoid excessive exposure of the common bile duct

WJG|www.wjgnet.com

RESULTS
The patients’ perioperative characteristics, including
their clinicopathological and surgical data, are
summarized in Table 1. There were no conversions
from either LCWL or LCGB to open surgery. The median
operation time was 108 (61-221) min for LCWL and
211 (111-269) min for LCGB. The median blood loss
was minimal (> 0-150) ml for LCWL and 28 (> 0-150)
ml for LCGB. Intraoperative perforation was seen in
only one patient (2.0%) who underwent LCWL. There
were no instances of severe postoperative complications
(Clavien-Dindo grade ≥ 3) and no mortality in either
procedure. The length of the postoperative hospital
stay was 3 (1-6) d for LCWL and 6 (4-11) d for LCGB.
The data of the patients pathologically diagnosed
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A

12 mm trocar

B

5 mm trocar

C

12 mm trocar
5 mm trocar

D
P
IVC
LRV

RHA

CBD
D

E

MHA

F

AT

LHA
LPV

P

PHA

IVC
RHA RPV

CHA
GDA

CBD
PV

G

H

MHV

I

MHV

Figure 3 Surgical procedure for laparoscopic gallbladder bed resection. A: Position of trocars in laparoscopic gallbladder bed resection (LCGB) with D1
lymphadenectomy; B: Position of trocars in LCGB with D2 lymphadenectomy; C: The cystic artery and duct are cut at their origin; D: Kocher’s mobilization; E: Lymph
node dissection around the posterosuperior region of the pancreas head. Arrow indicates the boundary between the pancreatic parenchyma and surrounding adipose
tissues; F: Completion of D2 lymphadenectomy; G: Performance of the Pringle maneuver with an extracorporeal tourniquet; H: Transection of the liver parenchyma
by the clamp crushing method; I: After the gallbladder bed resection. RHA: Right hepatic artery; CBD: Common bile duct; Arrowhead: Stump of the cystic duct; Dotted
arrow: Stump of the cystic artery; P: Pancreatic head; D: Duodenum; IVC: Inferior vena cava; LRV: Left renal vein; AT: Adipose tissues; GDA: Gastroduodenal artery;
CHA: Common hepatic artery; PHA: Proper hepatic artery; LHA: Left hepatic artery; MHA: Middle hepatic artery; PV: Portal vein; LPV: Left portal vein; RPV: Right
portal vein; MHV: Middle hepatic vein.
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Relapse-free survival rate

1.0

Table 1 Perioperative characteristics of the patients n (%)

0.8

LCWL
(n = 50)

Clinical findings
Sex
Male
30 (60)
6 (46.2)
Female
20 (40)
7 (53.8)
Age, median (range, yr)
58.5 (30-92)
67 (50-85)
Surgical findings
Operation time, median (range, min)
108 (61-221) 211 (111-293)
Intraoperative blood loss, median
Minimal
28
(range, mL)
(> 0-150)
(> 0-150)
Intraoperative perforation
1 (2.0)
0 (0)
Conversions to the open approach
0 (0)
0 (0)
Perioperative outcomes
Severe postoperative complications1
0 (0)
0 (0)
Mortality
0 (0)
0 (0)
Postoperative hospital stay, days -median
3 (1-6)
6 (4-11)
(range)
Pathological findings
Gallbladder carcinoma
9 (18)
7 (53.8)
Depth of invasion2
pT1a
3
2
pT1b
0
0
pT2
5
53
pT3
1
0
pT4
0
0
Lymph node metastasis
pN0
9
5
pN1
0
2
Surgical margin
positive
0
0
negative
9
7
Postoperative outcomes
Additional operation performed
3
1
Recurrence
Yes
0
1
No
9
6

0.6
pT
T1a
T2
T1a-censored
T2-censored

0.4
0.2
0.0
0

20
40
Time after surgery (mo)

60

Figure 4 Relapse-free survival rate after laparoscopic surgery for patho
logically diagnosed T1a and T2 gallbladder carcinoma.

with GBC are shown in Table 2. Among patients who
underwent LCWL, nine were postoperatively diagnosed
with GBC. The depth of invasion was pT1a in four
patients, pT2 in four patients, and pT3 in one patient.
Only the one patient with pT3 invasion had lymph
node metastases. Two patients with pT2 GBC and one
patient with pT3 GBC underwent additional resection.
We performed open S4a and S5 segmentectomy with
extrahepatic bile duct resection (EBR) and regional
lymphadenectomy in one patient with pT2 and one
patient with pT3 GBC. One patient (Case No. 9) with
pT2 GBC underwent LCGB with D2 lymphadenectomy
without EBR as additional resection. The other two
patients with pT2 GBC did not undergo additional
resection because of their old age. On the other hand,
among the patients who underwent LCGB, seven were
diagnosed with GBC. One of them was the abovementioned patient (Case No. 9) who had previously
undergone LCWL. The depth of invasion in patients
who underwent LCGB was pT1a in two patients and
pT2 in five patients. Two of the five patients with pT2
GBC had lymph node metastases. We performed
LCGB with D2 lymphadenectomy for three patients
with pT2 GBC, including the above-mentioned patient
(Case No. 9). One patient with pT2 GBC underwent
additional open lymphadenectomy with EBR. In both
LCWL and LCGB, all of the final surgical margins were
pathologically negative. The mean follow-up period
after the operation for GBC was 26 mo, and only one
patient (6.7%) who had undergone LCGB with D2
lymphadenectomy for pT2 GBC with multiple lymph
node metastases (Case No. 7) developed recurrence 9
mo after the operation and died 14 mo postoperatively.
One patient (Case No. 3) died 2 mo after LCWL and 1
mo after the additional resection because of another
disease that was not associated with the surgical
procedure or the GBC. No port site recurrence or
peritoneal dissemination was found. The postoperative
RFS rate in patients who underwent the laparoscopic
approach is shown in Figure 4.

WJG|www.wjgnet.com

LCGB
(n = 13)

1

Clavien-Dindo grade ≥ 3 complications; 2 Tumors were classified
according to the American Joint Committee on Cancer (AJCC)/TNM
system; 3One patient underwent LCGB with D2 lymphadenectomy 42 d
after LCWL. LCWL: Laparoscopic whole-layer cholecystectomy; LCGB:
Laparoscopic gallbladder bed resection.

DISCUSSION
LC is a common procedure for treatment of benign
disease. Several studies on laparoscopic radical
[15-18]
resection for GBC have also been reported
.
However, the performance of laparoscopic surgery for
GBC has not become widespread. The reasons for this
are associated with the highly malignant potential of
GBC and technical difficulties in performing regional
lymphadenectomy and gallbladder bed resection.
The dissection during conventional LC on the
liver side is performed along the inner layer of the
subserosal layer. When the depth of invasion of the
GBC extends to the subserosal layer, residual GBC
may exist after conventional LC. Even a mucosal
carcinoma in the Rokitansky-Aschoff sinus may result
in a positive surgical margin. Moreover, LC for GBC has
serious problems with respect to PSR and peritoneal
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Table 2 Data of patients pathologically diagnosed with gallbladder cancer
Case

Sex Age

Preoperative
diagnosis

Type of
operation

pT

pN

pSM

Additional surgery

Adjuvant
therapy

S4a and S5 segmentectomy
with extrahepatic bile duct
resection
S4a and S5 segmentectomy
with extrahepatic bile duct
resection
Extrahepatic bile duct
resection
-

No

No

62

Alive

No
No

No
No

53
2

Alive
Dead

No

No

55

Alive

No
No
No

47
41
9

Alive
Alive
Dead

LCGB with
lymphadenectomy
-

No
No

No
No
Liver
and bone
metastases
No
No

26
23

Alive
Alive

No
No
No
No
No
No
No

No
No
No
No
No
No
No

15
13
12
12
8
7

Alive
Alive
Alive
Alive
Alive
Alive
Alive

1

F

71

polyp

LCWL

T2

N0

Negative

2
3

F
M

80
79

polyp
chronic
cholecystitic

LCWL
LCWL

T1a
T3

N0
N1

Negative
Negative

4

F

80

GBC

LCGB

T2

N0

Negative

5
6
7

F
F
F

80
83
61

GBC
polyp
GBC

LCGB
LCWL
LCGB

T1a
T2
T2

N0
N0
N1

Negative
Negative
Negative

8
9

F
F

85
66

GBC
polyp

LCGB
LCWL

T1a
T2

N0
N0

Negative
Negative

9
10
11
12
13
14
15

F
M
M
F
M
F
F

66
83
84
78
50
86
92

definite GBC
GBC
polyp
GBC
polyp
GBC
polyp

LCGB
LCGB
LCWL
LCGB
LCWL
LCWL
LCWL

T2
T2
T2
T2
T1a
T1a
T1a

N0
N0
N0
N1
N0
N0
N0

Negative
Negative
Negative
Negative
Negative
Negative
Negative

Recurrence RFS (mo)

Outcome

LCWL: Laparoscopic whole-layer cholecystectomy; LCGB: Laparoscopic gallbladder bed resection; pSM: Pathological surgical margin; RFS: Relapse-free
survival; GBC: Gallbladder cancer.

dissemination because of the bile leakage caused by
intraoperative perforation. The incidence of PSR after
LC for GBC has been reported to range from 11%
[19-22]
[23]
to 16%
. Ouchi et al
reported that gallbladder
perforation occurred in 20% of patients with GBC who
[19]
underwent LC. Wakai et al reported that gallbladder
injury occurred in 25% of patients, of whom PSR or
local recurrence developed in 43% who underwent LC
among 28 patients with GBC. Both research groups
found that patients with gallbladder perforation had a
significantly poorer prognosis than did those without
[24]
perforation. Lee et al
described that the incidence
of PSR and peritoneal dissemination in patients who
underwent LC was higher than that in patients who
underwent open cholecystectomy. As just described,
laparoscopic surgery for GBC is associated with several
difficulties. However, laparoscopic surgery has been
widely employed for other various malignancies, and it
provides patients with a minimally invasive treatment
and early recovery from the surgery. If we can over
come the defects of laparoscopic surgery for GBC,
such patients will benefit from this procedure.
GBC is sometimes encountered incidentally. Accurate
preoperative diagnosis of GBC and its depth of invasion
is difficult. In particular, some lesions, such as chronic
cholecystitis (the prime example is xanthogranulomatous
cholecystitis) and adenomyomatosis, are important
differential diagnoses of GBC that may be difficult
[3-7]
to confirm
. Several studies have reported that
polypoid lesions are highly suspected to be GBC
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when they are larger than 10 mm, solitary, sessile, or
[8-12]
[2]
rapidly growing
. Yeh et al reported that polypoid
gallbladder lesions larger than 15 mm are more strongly
suspected to be malignancies. The above-mentioned
lesions should be more carefully treated to avoid
causing bile spillage and tumor exposure.
We now use the laparoscopic approach on the
types of gallbladder lesions shown in Figure 1. The
present study has shown that the risk of gallbladder
perforation in both LCWL and LCGB was much
lower (2.0% and 0.0%, respectively) than that
in conventional LC because the dissection layer is
more outside than usual. The entire subserosal layer
is removed by LCWL; thus, T1 or T2 GBC can be
completely resected in theory. However, suspected
GBC is now indicated for LCGB so that a safety margin
from the tumor is secured. Proper indications for LCWL
and LCGB help to avoid tumor exposure and achieve
complete resection of GBC. Intraoperative pathological
examination is not always performed because of our
institutional system. The specimen is macroscopically
evaluated immediately after its extraction to confirm
the existence of GBC and negative surgical margins.
Further investigation by pathological examination is
performed postoperatively. We believe that it is most
important to achieve complete resection of the tumor
and an accurate diagnosis, including staging, without
increasing the risk of recurrence in the first-stage
operation. Therefore, we take extreme care to avoid
tumor exposure and bile spillage during the first-stage
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operation; if necessary, we plan an additional secondstage surgery.
When the diagnosis of GBC is made by intraoperative
or postoperative pathological examination, an additional
resection including regional lymphadenectomy should
be considered depending on the depth of GBC invasion.
In patients diagnosed with T1a carcinoma, an additional
resection is not necessary if the surgical margin of
the cystic duct stump is negative. However, an addi
tional extended radical resection including regional
lymphadenectomy is recommended in patients with T1b
or more advanced GBC because vascular and perineural
invasion and positive lymph node metastasis are
[25-29]
observed at high rates
. Such an additional resection
was previously performed by open surgery. However,
now it can be carried out laparoscopically because of
technical improvements. The laparoscopic magnified
view allows for more accurate identification of the
dissection plane and performance of finer procedures
than in open surgery. These are great advantages of
laparoscopic surgery, and can lead to reduced bleeding
volume and accurate lymph node dissection.
[25,30-33]
The necessity of routine EBR is controversial
.
There is currently no obvious evidence that recom
[1]
mends the routine EBR . We usually perform
regional lymphadenectomy without EBR when ductal
involvement is not present. The advantages of EBR
are facilitation of regional lymphadenectomy, removal
of the possible presence of microscopic periductal
involvement, and avoidance of postoperative ischemic
biliary stenosis. The laparoscopic magnified view
allows for sufficient lymph node dissection around the
common bile duct and preservation of pericholedochal
small vessels to prevent biliary ischemia. However,
the lymphatic infiltration around the bile duct is a
[25,34]
main pathway for tumor spread
. Therefore,
when positive lymph node metastasis or advanced
microscopic neurovascular invasion is detected, we
now perform thorough regional lymphadenectomy
with EBR by laparotomy, not by laparoscopic surgery.
Several studies have revealed that the long-term
survival of patients with T1 or T2 GBC treated by
laparoscopic radical cholecystectomy was comparable
[17,18]
with that of patients treated by open surgery
. In
the present study, our laparoscopic approach achieved
good short-term outcomes and provided acceptable
long-term outcomes although there was a limitation
that the follow-up period was comparatively short.
Until now, there have been no reports on effective
laparoscopic approaches to the lesions suspected
of GBC as well as definite GBC. Our laparoscopic
approach to suspected T1 and T2 GBC is feasible and
valid. It is necessary to accumulate the experience of
the laparoscopic surgery for GBC and to compare the
long-term results with open surgery.
Our laparoscopic approach to suspected T1 and T2
GBC is a safe and useful procedure that overcomes the
risk of recurrence caused by conventional LC.
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Background

Laparoscopic surgery for gallbladder carcinoma (GBC) has not been widely
employed yet. GBC is highly malignant, and laparoscopic surgery for GBC
may increase the risk of port-site recurrence and peritoneal dissemination
caused by intraoperative gallbladder injury. However, achieving the correct
preoperative diagnosis and stage of GBC is very difficult. Many benign lesions
including polyps and wall thickening lesions such as chronic cholecystitis and
adenomyomatosis are difficult to differentiate from GBC. Such lesions are
sometimes diagnosed as GBC postoperatively by pathological examination.
Therefore, the above-mentioned lesions, which are associated with suspected
GBC, should be carefully managed because tumor exposure as well as
intraoperative gallbladder perforation can increase the risk of cancer relapse.
We use a laparoscopic approach depending on the type of gallbladder lesion,
including suspected T1 and T2 GBC, in this institution. In this study, the authors
evaluated the usefulness of our laparoscopic approach.

Research frontiers

Laparoscopic cholecystectomy is a common procedure for treatment of benign
disease. However, laparoscopic surgery for patients with suspected GBC is
not recommended now due to the risk of port-site recurrence and peritoneal
dissemination caused by intraoperative gallbladder perforation. This study
suggested that the laparoscopic approach is feasible and useful for the
management of suspected T1 and T2 GBC.

Innovations and breakthroughs

There have been no reports on effective laparoscopic approaches to the lesions
suspected of GBC. The laparoscopic approach could overcome the risk of
gallbladder injury which was reported to increase by laparoscopic surgery, and
good results were obtained. This new laparoscopic approach to suspected T1
and T2 GBC is a safe and useful procedure.

Applications

This study suggests that our laparoscopic approach with an appropriate
algorithm is useful for suspected T1 and T2 GBC. Laparoscopic surgery can be
employed even in well-selected patients with T2 GBC.

Terminology

Laparoscopic whole-layer cholecystectomy (LCWL): In conventional
laparoscopic cholecystectomy, the gallbladder is dissected along the inner
layer of the subserosal layer, whereas in LCWL, the gallbladder is removed
by dissecting along the outer layer of the subserosal layer. Laparoscopic
gallbladder bed resection (LCGB): LCGB is a procedure to resect the
gallbladder including 1 to 2 cm of adherent liver parenchyma laparoscopically.

Peer-review

This is a retrospective but interesting study aiming to evaluate laparoscopic
surgery for “suspected” T1 and T2 gallbladder cancer. Wide spread of the
laparoscopic approach has been hampered by the risk of tumor dissemination
as well as by the difficulties in preoperative (and operative) diagnosis for
malignancy and staging, as described by the authors. Their operative outcomes
shown in the manuscript, with a precise algorithm for surgical management, are
likely to be acceptable.
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Abstract
AIM
To elucidate the epidemiological characteristics and
associated risk factors of perforated peptic ulcer (PPU).

Informed consent statement: Informed consent was exempted
due to retrospective format of this study from institutional review
board of Chuncheon Sacred Heart Hospital and patients were
not required to give informed consent to the study because the
analysis used anonymous clinical data that were obtained after
each patient agreed to treatment by written consent.

METHODS
We retrospectively reviewed medical records of patients
who were diagnosed with benign PPU from 2010
through 2015 at 6 Hallym university-affiliated hospitals.
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RESULTS
A total of 396 patients were identified with post
operative complication rate of 9.1% and mortality
rate of 0.8%. Among 174 (43.9%) patients who were
examined for Helicobacter pylori (H. pylori ) infection, 78
(44.8%) patients were positive for H. pylori infection,
21 (12.1%) were on non-steroidal anti-inflammatory
drugs (NSAIDs) therapy, and 80 (46%) patients were
neither infected of H. pylori nor treated by any kinds
of NSAIDs. Multivariate analysis indicated that older
age (OR = 1.09, 95%CI: 1.04-1.16) and comorbidity
(OR = 4.11, 95%CI: 1.03-16.48) were risk factors for
NSAID-associated PPU compared with non-H. pylori ,
non-NSAID associated PPU and older age (OR = 1.04,
95%CI: 1.02-1.07) and alcohol consumption (OR =
2.08, 95%CI: 1.05-4.13) were risk factors for non-H.
pylori , non-NSAID associated PPU compared with solely
H. pylori positive PPU.
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CONCLUSION
Elderly patients with comorbidities are associated with
NSAIDs-associated PPU. Non-H. pylori , non-NSAID
peptic ulcer is important etiology of PPU and alcohol
consumption is associated risk factor.

was rarely evaluated except 1 study, which included
[12]
suboptimal number of subjects at early 2000s . Also,
the effect of NSAIDs or ASA on PPU was inconsistent
[5,13,16]
according to the studies
. Therefore, this study
aimed to investigate the epidemiological characteris
tics and associated risk factors of benign PPU using
multicenter clinical data.

Key words: Helicobacter pylori ; Non-steroidal antiinflammatory drugs; Peptic ulcer perforation; Stomach
ulcer; Duodenal ulcer

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Study population

We retrospectively reviewed the medical records of 402
patients who were diagnosed with PPU (either gastric or
duodenal ulcer) from January 2010 through December
2015 at Hallym university-affiliated hospitals, inclu
ding the Chuncheon, Kangdong, Dongtan, Hangang,
Kangnam and Hallym University Sacred Heart Hospital.
Except 6 patients with unknown histology of PPU,
remaining 396 ulcers were verified as benign ulcers by
histology after surgical resection or endoscopic biopsy.
This study was approved by the institutional review
board of Chuncheon Sacred Heart Hospital (2016-86).

Core tip: The incidence of complications of peptic ulcer
has not been decreasing and only a few data is available
about epidemiological characteristics and associated
risk factors of perforated peptic ulcer. In a retrospective
review of medical records from multicenter in Korea
revealed that elderly patients with comorbidities were
associated with non-steroidal anti-inflammatory drugs
(NSAIDs)-associated peptic ulcer perforation and nonHelicobacter pylori (H. pylori ), non-NSAID peptic ulcer
is important etiology in the development of peptic ulcer
perforation. In a multivariate logistic regression analysis,
alcohol consumption was suspected to be associated
risk factors for the development of non-H. pylori , nonNSAID peptic perforation.

Data collection

We retrospectively collected the clinical data including
age, sex, body mass index (BMI), smoking status and
alcohol consumption for the last 3 mo, presence of
any comorbidities, and current medications, such as
NSAIDs or ASA, steroid, H2-blockers, or PPIs. BMI was
calculated as weight in kilograms divided by the square
of height in meters. Positive alcohol consumption was
defined as those who drink more than 20 g of alcohol
amount in a week.
Chief complaints and laboratory data including
white blood count (WBC), hemoglobin (Hb), serum
creatinine (SCr), C-reactive protein (CRP) at admission
period were obtained. Also, sites of perforation,
treatment methods, the development of postoperative
complication if surgical management was done,
the length of hospital stay, and mortality rate were
identified. The sites of perforation were divided into 3
areas in stomach (from cardiac to body area, proximal
antrum, and from prepyloric to pyloric area) and 2
nd
areas in duodenum (bulb, and 2 portion). The size
of perforated peptic ulcer was categorized on the
basis of centimeter. The methods of operation were
classified into 3 groups: (1) simple closure with or
without omentopexy; (2) pyloroplasty with or without
vagotomy; and (3) any other form of gastrectomy
(total, subtotal, or antrectomy). If patients were
assessed H. pylori infection status, diagnostic methods
13
such as rapid urease test, C-urea breath test, or the
serological test and the infection status were identified.
All patients who were examined for H. pylori were
discontinued PPIs or H2-blockers at least 4 wk before
H. pylori test. Treatment regimen and whether the
treatment was successful or not were also identified.

Yang YJ, Bang CS, Shin SP, Park TY, Suk KT, Baik GH, Kim
DJ. Clinical characteristics of peptic ulcer perforation in Korea.
World J Gastroenterol 2017; 23(14): 2566-2574 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i14/2566.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i14.2566

INTRODUCTION
The decreasing prevalence of Helicobacter pylori (H.
pylori) infection and improvement of peptic ulcer
treatment such as proton pump inhibitors (PPIs) or
eradication therapies for H. pylori resulted in reduction
of the incidence of uncomplicated peptic ulcer disease
[1-3]
in recent decades . However, several studies have
shown controversial results showing constant incidence
[4-7]
of complicated peptic ulcer disease , which may be
due to multifactorial risk factors including the increased
consumption of non-steroidal anti-inflammatory drugs
(NSAIDs) or acetylsalicylic acid (ASA), especially in
elderly patients with multiple comorbidities, smoking
[8,9]
habits, or unknown etiologies .
Previous studies evaluated the epidemiologic
characteristics and associated risk factors of perforated
peptic ulcer (PPU) and demonstrated increasing
[7-15]
incidence of PPU by age
. However, these studies
used national registry database rather than those from
hospitals, which have potential for underestimation of
true incidence or misinterpretation of characteristics of
PPU. Also, H. pylori infection status in patients with PPU
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Perforated gastroduodenal ulcers

experienced melena or hematemesis. The mean levels
3
of WBC (13.4 ± 7.8 × 10 /uL) and CRP (93.7 ± 89.0
mg/L) were above normal range. However, the mean
levels of Hb (13.7 ± 6.0 g/dL) and SCr (1.02 ± 0.7
mg/dL) were within normal value. Among 174 (43.9%)
patients who were tested for H. pylori infection, 78
(44.8%) patients were positive for H. pylori tests,
which were rapid urease test (n = 60), urea breath
test (n = 5), and serologic test (n = 13). Comparing
with the 222 patients who did not perform H. pylori
test, patients who tested for H. pylori infection were
significantly younger (47.6 ± 16.8 vs 53.0 ± 19.1
years, P = 0.003) and none of them had malignant
disease. The other baseline characteristics were
comparable between the patients who were tested for
H. pylori infection or not (Table 2). Except 9 patients
who were lost to follow-up, 69 (88.5%) patients were
prescribed with 7 or 14 d of standard triple therapy (n
= 66), or 14 d of bismuth-based quadruple therapy
(n = 3) as the first-line regimen. Among them, 33
patients achieved successful eradication after the
first-line treatment (eradication rate of 47.8%) and
4 patients who failed to eradication after first line
nd
regimen achieved successful eradication after 2 line
treatment (overall eradication rate of 53.6%). We
could not evaluate eradication status in the remaining
32 patients due to lost to follow up during or after
eradication treatment.
In terms of the site of perforation, bulb of
duodenum (55.1%) was the most common site,
followed by pylorus (25.3%), and antrum (15.7%).
The proportion of duodenal ulcer perforation was
56.3% and the gastric ulcer perforation was 43.7%,
respectively. Except 8 (2.0%) patients who were
treated by medical management, remaining 388
patients (98.0%) underwent surgical management. The
operative methods were primary closure with or without
omentopexy (n = 307), pyloroplasty with or without
vagotomy (n = 43), and any other form of gastrectomy
(total, subtotal or antrectomy, n = 36). The mean
duration of hospital stay was 13.1 ± 9.4 d. Though 36
(9.1%) patients experienced postoperative complication,
only 3 (0.8%) patients died during hospitalization
because of acute respiratory distress syndrome or
uncontrolled sepsis. All of the baseline characteristics
and clinical manifestations were comparable between
perforated gastric ulcer and duodenal ulcer group. The
detailed characteristics of all of the enrolled population
are described in Tables 1 and 2.
The annual incidences of PPU showed decreasing
trend for study periods, especially in gastric ulcer
(Figure 1). The incidence of gastric ulcer perforation
was 49.8% in the first 3 years and 36.9% in the
last 3 years, which was statistically significant (P
= 0.01). The decreasing incidence of perforated
gastric ulcer was mainly observed in male under the
age of 60. In these patients, the proportions of H.
pylori infection, NSAIDs use, alcohol consumption,
and any comorbidities were increased during study

Gastric ulcer
Duodenal ulcer

80
70
60
50
40
30
20
10
0

2010 2011 2012 2013 2014 2015
Years

Figure 1 Annual incidence of perforated peptic ulcer according to anatomic
location.

Statistical analysis

Continuous variables were expressed as mean ± SD.
Categorical variables were expressed as number and
percentage. We compared the differences in the clinical
characteristics and therapeutic outcomes of the study
population using the Student’s t-test for the continuous
variables and the Fisher’s exact test for the categorical
variables. To identify the risk of non-H. pylori, nonNSAIDs associate PPU, we performed univariate and
subsequent multivariate logistic regression analysis.
In this study, a P value < 0.05 (2-tailed) was adopted
as the threshold of statistical significance for all tests.
All of the analyses were performed using SPSS version
20.0. (SPSS Inc., Chicago, IL, United States).

RESULTS
Baseline characteristics of enrolled populations

The baseline characteristics of the study population and
site specific characteristics classified according to the
site of perforation are shown in Table 1. We identified
a total of 396 benign PPU patients, consisting of 173
(43.7%) in gastric ulcer group and 223 (56.3%)
in duodenal ulcer group. Men predominance was
observed (85.1%). The mean age and BMI of the
2
subjects were 50.6 ± 18.3 years and 21.7 ± 2.9 kg/m ,
respectively. And about half of patients had alcohol
consumption (47.2%) and smoking habit (55.8%).
Of all, 54 (13.6%) patients had been diagnosed with
peptic ulcer at median 12 mo before the time of
perforation (interquartile range: 2-36 mo). In terms of
the comorbidities, 123 (31.1%) patients had at least
one comorbidities, which were cardiovascular disease
(67.5%), diabetes mellitus (33.3%), chronic liver
disease (10.6%) and cerebrovascular disease (8.9%)
in the order. The proportion of taking medication was as
follows; 44 (11.2%) patients on NSAIDs including ASA
(n = 23), 8 (2%) patients on steroid, and 31 (7.8%)
patents on anti-ulcer medication such as PPIs (n = 19)
or H2-blocker (n = 12).
At admission, the majority of patients (92.2%)
complained abdominal pain and 16 (4.0%) patients
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Table 1 Baseline characteristics of enrolled population n (%)
Variables
Sex (men)
Age
BMI (kg/m2)
Alcohol consumption
Current smoking
Previous ulcer history
Comorbidity
Cardiovascular disease
DM
Chronic liver disease
Cerebrovascular disease
Malignancy
Chronic kidney injury
Pulmonary disease
Infectious disease
Current medication
NSAIDs
Steroid
Proton pump inhibitor
H2-blocker
Presentation
Abdominal pain
Melena/hematemesis
Shock
Epigastric soreness
Nausea/vomiting
Laboratory findings
White blood count (x103/uL)
Hemoglobin (g/dL)
Serum Creatinine (mg/dL)
C-reactive protein (mg/L)
Anatomical findings
Location
Stomach
Body
Antrum
Pylorus
Duodenum
Bulb
2nd portion
Size
≥ 1 cm
< 1 cm
H. pylori test
Positivity H. pylori test
Rapid urease test
Urea breath test
Serology test
Operation
Primary closure and/or omentopexy
Pyloroplasty and/or vagotomy
Total/subtotal gastrectomy or antrectomy
Others (Whipple’s operation, drainage)
Medical treatment
Clinical course
Hospital stay
Complication
In hospital mortality

Total

Gastric ulcer

Duodenal ulcer

(n = 396)

(n = 173)

(n = 223)

337 (85.1)
50.6 ± 18.3
21.7 ± 2.9
187 (47.2)
221 (55.8)
54 (13.6)
123 (31.1)
83 (67.5)
41 (33.3)
13 (10.6)
11 (8.9)
9 (7.3)
6 (4.9)
4 (3.3)
3 (2.4)

145 (83.8)
51.4 ± 19.0
21.5 ± 2.9
76 (43.9)
98 (56.6)
27 (15.6)
61 (35.3)
38 (62.3)
18 (29.5)
8 (13.1)
4 (6.6)
6 (9.8)
4 (6.6)
3 (4.9)
2 (3.3)

192 (86.1)
50.1 ± 17.8
21.9 ± 3.0
111 (49.8)
123 (55.2)
27 (12.1)
62 (27.8)
45 (72.6)
23 (37.1)
5 (8.1)
7 (11.3)
3 (4.8)
2 (3.2)
1 (1.6)
1 (1.6)

44 (11.2)
8 (2.0)
19 (4.8)
12 (3.0)

20 (11.7)
5 (2.9)
11 (6.4)
5 (2.9)

24 (10.8)
3 (1.3)
8 (3.6)
7 (3.1)

365 (92.2)
16 (4.0)
5 (1.3)
6 (1.5)
4 (1.0)

155 (89.6)
9 (5.2)
2 (1.2)
4 (2.3)
3 (1.7)

210 (94.2)
7 (3.1)
3 (1.3)
2 (0.9)
1 (0.4)

13.4 ± 7.8
13.7 ± 6.0
1.02 ± 0.7
93.7 ± 89.0

12.9 ± 5.3
13.7 ± 8.8
1.01 ± 0.7
88.9 ± 86.0

13.8 ± 9.4
13.7 ± 2.2
1.03 ± 0.6
97.2 ± 91.1

P value
0.57
0.49
0.14
0.27
0.84
0.38
0.13
0.22
0.45
0.40
0.36
0.24
0.33
0.30
0.49
0.87
0.23
0.24
> 0.99
0.39

0.24
0.95
0.87
0.39

173 (43.7)
11 (6.4)
62 (35.8)
100 (57.8)
223 (56.3)
218 (97.8)
5 (2.2)
0.82
126 (37.6)
209 (62.4)

58 (38.4)
93 (61.6)

68 (37.0)
116 (63.0)

78/174 (44.8)
60 (76.9)
5 (6.4)
13 (16.7)
388 (98.0)
307 (79.5)
43 (11.1)
36 (9.3)
2 (0.5)
8 (2.0)

30/72 (41.7)
26 (86.7)
2 (6.7)
2 (6.7)
170 (98.3)
139 (81.7)
15 (8.8)
16 (9.5)
0 (0.0)
3 (1.7)

48/102 (47.1)
34 (70.8)
3 (6.2)
11 (22.9)
218 (97.8)
168 (77.8)
28 (13.0)
20 (9.2)
2 (0.9)
5 (2.2)

0.48

13.1 ± 9.4
36 (9.1)
3 (0.8)

13.4 ± 10.4
21 (12.1)
2 (1.2)

12.8 ± 8.7
15 (6.7)
1 (0.4)

0.54
0.08
0.58

0.51

0.09

PPU: Perforated peptic ulcer; BMI: Body mass index; DM: Diabetes mellitus; NSAIDs: Non-steroidal anti-inflammatory drugs; H. pylori: Helicobacter pylori.
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Table 2 Comparison of clinical characteristics between patients with perforated peptic ulcer who were tested for Helicobacter pylori
infection or not n (%)
Total (n = 396)

Variables

Patients who Patients who
were tested
were not
for H. pylori
tested for
infection
H. pylori
(n = 174)
infection
(n = 222)
Sex (men)
Age (yr)
< 60
≥ 60
BMI (kg/m2)
Alcohol drinking
Current smoking
Both alcohol
consumption and
smoking
Previous ulcer history
Comorbidity
HTN
DM
Cardiovascular disease
Chronic liver disease
Malignancy
Chronic kidney injury
Pulmonary disease
Infectious disease
Current medication
NSAIDs
Steroid
Proton pump inhibitor
H2-blocker

151 (86.8)
47.6 ± 16.8
133 (76.4)
41 (23.6)
22.0 ± 3.1
87 (50.0)
97 (55.7)
69 (39.7)

186 (83.8)
53.0 ± 19.1
142 (64.0)
80 (36.0)
21.5 ± 2.8
100 (45.0)
124 (55.9)
85 (38.3)

30 (17.2)
44 (25.3)
27 (61.4)
13 (29.5)
6 (13.6)
5 (11.4)
0 (0.0)
3 (6.8)
0 (0.0)
1 (2.3)
21 (12.1)
2 (1.2)
7 (4.0)
4 (2.3)

Gastric ulcer (n = 173)

P value

0.480
0.003
0.008

Patients who Patients who
were tested
were not
for H. pylori
tested for
infection
H. pylori
(n = 72)
infection
(n = 101)

Duodenal ulcer (n = 223)

P value

85 (84.2)
54.1± 19.1
61 (60.4)
40 (39.6)
21.4 ± 2.7
43 (42.6)
59 (58.4)
36 (35.6)

> 0.99
0.02
0.02

0.150
0.360
> 0.99
0.840

60 (83.3)
47.5 ± 18.3
56 (77.8)
16 (22.2)
21.5 ± 3.1
33 (45.8)
39 (54.2)
24 (33.3)

24 (10.8)
79 (35.6)
55 (69.6)
28 (35.4)
15 (19.0)
8 (10.1)
9 (11.4)
3 (3.8)
4 (5.1)
2 (2.5)

0.08
0.03
0.43
0.55
0.62
0.53
0.02
0.17
0.37
0.71

14 (19.4)
21 (29.2)
14 (66.7)
5 (23.8)
3 (14.3)
1 (4.8)
0 (0.0)
2 (9.5)
0 (0.0)
1 (4.8)

23 (10.4)
6 (2.7)
12 (5.4)
8 (3.6)

0.63
0.24
0.64
0.56

9 (12.7)
1 (1.4)
3 (4.2)
3 (4.2)

Patients who Patients who
were tested
were not
for H. pylori
tested for
infection
H. pylori
(n = 102)
infection
(n = 121)

P value

101 (83.5)
52.2 ± 19.1
81 (66.9)
40 (33.1)
21.6 ± 3.00
57 (47.1)
65 (53.7)
49 (40.5)

0.25
0.05
0.18

0.83
0.76
0.64
0.87

91 (89.2)
47.6 ± 15.7
77 (75.5)
25 (24.5)
22.3 ± 3.0
54 (52.9)
58 (56.9)
45 (44.1)

13 (12.9)
40 (39.6)
24 (60.0)
13 (32.5)
7 (17.5)
7 (17.5)
6 (15.0)
2 (5.0)
3 (7.5)
1 (2.5)

0.29
0.2
0.78
0.56
0.53
0.24
0.07
0.43
0.28
0.57

16 (15.7)
23 (22.5)
13 (56.5)
8 (34.8)
3 (13.0)
4 (17.4)
0 (0.0)
1 (4.3)
0 (0.0)
0 (0.0)

11 (9.1)
39 (32.2)
31 (79.5)
15 (38.5)
8 (20.5)
1 (2.6)
3 (7.7)
1 (2.6)
1 (2.6)
1 (2.6)

0.15
0.13
0.08
> 0.99
0.35
0.06
0.24
0.61
0.63
0.63

11 (11.0)
4 (4.0)
8 (7.9)
2 (2.0)

0.81
0.31
0.26
0.34

12 (11.8)
1 (1.0)
4 (3.9)
1 (1.0)

12 (9.9)
2 (1.7)
4 (3.3)
6 (5.0)

0.67
0.56
0.54
0.09

0.10
0.42
0.69
0.59

PPU: Perforated peptic ulcer; BMI: Body mass index; HTN: Hypertension; DM: Diabetes mellitus; NSAIDs: Non-steroidal anti-inflammatory drugs; H.
pylori: Helicobacter pylori.

period, whereas the proportion of smoking habit was
decreased from 65.9% in the first 3 years to 57.9%
in the last 3 years, although the statistical significance
was not reached.

(11.3 ± 7.7 vs 17.0 ± 11.7 d) and postoperative
complication rate (4.0% vs 20.7%) were significantly
higher in old age group (P < 0.001). All of the inhospital mortality cases were also occurred in old age
group (Table 3).

Comparison of clinical characteristics and
manifestations according to age

Comparison of clinical characteristics of PPU according
to the etiology

Among 396 patients, 121 (30.6%) patients were
older than 60 years and the proportion of women was
significantly higher in patients older than 60 years
(old age group) compared with patients younger than
60 years (young age group) (5.5% vs 36.4%, P <
0.001). The proportion of alcohol consumption (56.0%
vs 27.3%) and smoking habit (62.5% vs 40.5%) was
higher in young age group than those of patients in
old age group (P < 0.001). The proportions of patients
with comorbidities (14.9% vs 67.8%) and taking
NSAIDs (2.9% vs 30.0%) were significantly higher in
old age group (P < 0.001), whereas the proportion of
patients with H. pylori infection was significantly higher
in young age group (50.4% vs 26.8%, P = 0.008).
Although the site of perforation was comparable
between two groups, the higher proportion of patients
in old age group had PPU over 1 cm (31.1% vs 53.0%,
P < 0.001). Moreover, the length of hospitalization

WJG|www.wjgnet.com

A total of 174 patients who were tested for H. pylori
infection status were categorized into 4 groups in
terms of the etiology of peptic ulcer (both H. pylori
positive and NSAIDs use, either H. pylori positive or
NSAID use, and Non-H. pylori, non-NSAIDs group).
The patients with solely H. pylori positive were 73 and
the patients taking NSAIDs without H. pylori infection
were 16. Five patients were infected H. pylori and
also taking NSAIDs (Both H. pylori positive and NAIDs
user group). The remaining 80 patients who were
negative for H. pylori test and not taking any kinds of
NSAIDs or ASA were categorized into Non-H. pylori,
non-NSAIDs group. Men predominance was observed
consistently in all of the 4 groups. The mean age
(69.5 ± 12.2 years) and the proportion of patients
with any comorbidities (75.0%) were significantly
higher in NSAIDs user group (P < 0.001). The mean
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DISCUSSION

Table 3 Comparison of clinical characteristics of perforated
peptic ulcer according to age n (%)
Variables
Sex (men)
BMI (kg/m2)
Alcohol consumption
Current smoking
Previous ulcer history
Comorbidity
Current medication
NSAIDs
Steroid
Proton pump inhibitor
H2-blocker
H. pylori test
Positivity H. pylori test
Rapid urease test
Urea breath test
Serology test
Anatomical findings
Location
Gastric ulcer
Duodenal ulcer
Size
≥ 1 cm
< 1 cm
Clinical course
Hospital stay
Complication
In hospital mortality

≥ 60 yr

This study evaluated the clinical characteristics of
PPU and assessed the associated risk factors of PPU
in terms of the common etiology. Previous western
studies which evaluated the incidence and changing
pattern of PPU consistently revealed that most patients
with PPU were aged over 60 years without gender
difference and the incidence of PPU showed increasing
[3,9,11]
trend by age
. On the other hand, a retrospective
study from Middle Eastern showed that the mean age
of the patients with PPU was 35.5 years and 98.3% of
[13]
patients were men . Also, Korean population based
study using national Health Insurance claims database
reported that most patients with PPU were younger
than 60 years with men predominance, and increasing
[8]
incidence of PPU with age, especially in women ,
which was in agreement with our study. Due to the
inherent limitation of retrospective manner of this
study, selection bias could be the reason of different
epidemiologic characteristics. Also, there are different
pattern of risk factors (H. pylori infection rate, NSAIDs
consumption) according to the geographical area of
each study. However, our study clearly categorized
4 patterns of PPU according to the etiology of peptic
ulcer and each of these groups showed distinguishing
characteristics of PPU.
H. pylori infected group was younger than the
other groups. However, this was not due to the
increased prevalence of H. pylori infection in younger
patients. As a result of the decreasing pattern of H.
pylori infection rate and increasing pattern of NSAIDs
consumption due to the elderly society in the world
as well as in Korea, NSAIDs user group was relatively
older than the other groups. Korean epidemiologic
studies also demonstrated the increasing age of peptic
[17-19]
ulcer occurrence in the recent decades
.
In NSAIDs users, the size of the PPU was larger
than other groups and hospital stay was relatively
longer than H. pylori infected group, although
statistically insignificant. The reason of relatively larger
size PPU in the NSAIDs users could not be elucidated in
this study. However, considering the direct cytotoxicity
in the gastric mucosa of NSAIDs other than inhibition
of prostaglandin synthesis or inflammatory responses
in the development of peptic ulcer, there could be a
possibility of more serious injury from NSAID in the
[20]
development of PPU .
NSAIDs users were relatively older and the pro
portion of women was higher than the other groups,
[17]
just like the characteristics of peptic ulcer in Korea .
They had also more comorbidities than other groups.
However, in contrast to the higher mortality rate and
silent ulcer rate without significant symptoms reported
in patients with NSAID induced peptic ulcer, there was
no statistically significant mortality difference in NSAID
induced PPU and initial symptomatic presentation was
[17,21]
not different from those of the others
.

P value

< 60 yr
(n = 275)

(n = 121)

260 (94.5)
21.8 ± 2.7
154 (56.0)
172 (62.5)
31 (11.3)
41 (14.9)

77 (63.6)
21.5 ± 3.4
33 (27.3)
49 (40.5)
23 (19.0)
82 (67.8)

< 0.001
0.33
< 0.001
< 0.001
0.04
< 0.001

8 (2.9)
4 (1.5)
9 (3.3)
5 (1.8)

36 (30.0)
4 (3.3)
10 (8.3)
7 (5.8)

< 0.001
0.26
0.04
0.05

67/133 (50.4)
52 (77.6)
4 (6.0)
11 (16.8)

11/41 (26.8)
8 (72.7)
1 (9.1)
2 (18.2)

117 (42.5)
158 (57.5)

56 (46.3)
65 (53.7)

73 (31.1)
162 (68.9)

53 (53.0)
47 (47.0)

11.3 ± 7.7
11 (4.0)
0 (0.0)

17.0 ± 11.7
25 (20.7)
3 (2.5)

0.008

0.490

< 0.001

< 0.001
< 0.001
0.009

PPU: Perforated peptic ulcer; BMI: Body mass index; NSAIDs: Nonsteroidal anti-inflammatory drugs; H. pylori: Helicobacter pylori.

BMI level and the proportion of patients with alcohol
consumption, current smoking, and peptic ulcer
history were similar among the 4 groups. More than
half of patients in each group experienced duodenal
ulcer perforation, which were most commonly in bulb
area. Also, the proportion of patients with perforation
more than 1 cm in diameter was significantly higher
in NSAIDs group (66.7%) than the other groups (P =
0.002). The lengths of hospital stay and postoperative
complication rates were comparable among 4 group.
There was no mortality during hospitalization in 4
groups. The detailed clinical characteristics of PPU
according to the etiology are described in Table 4.

Associated risk factor of PPU according to the etiology

To identify the associated risk factors according
to the etiology, we performed univariate and sub
sequent multivariate regression analysis. Older age
[odds ratio (OR) = 1.09, 95% confidence interval
(CI): 1.04-1.16] and comorbidity (OR = 4.11,
95%CI: 1.03-16.48) were associated with NSAIDassociated PPU compared with non-H. pylori, nonNSAID associated PPU (Table 5). Older age (OR =
1.04, 95%CI: 1.02-1.07) and alcohol consumption
(OR = 2.08, 95%CI: 1.05-4.13) were associated with
non-H. pylori, non-NSAID associated PPU compared
with solely H. pylori positive PPU (Table 6).
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Table 4 Comparison of clinical characteristics of perforated peptic ulcer categorized by the Helicobacter pylori -infected, nonsteroidal anti-inflammatory drugs user, and non-Helicobacter pylori , non-non-steroidal anti-inflammatory drugs group n (%)
Variables

Both H. pylori positive
and NSAIDs user
group (n = 5)

H. pylori positive
group (n = 73)

4 (80.0)
57.6 ± 16.0
24.7 ± 4.1
3 (60.0)
3 (60.0)
0 (0.0)
2 (40.0)

67 (91.8)
40.3 ± 15.2
21.6 ± 3.0
33 (45.2)
36 (49.3)
9 (12.3)
11 (15.1)

9 (56.2)
69.5 ± 12.2
21.2 ± 4.3
4 (25.0)
6 (37.5)
4 (25.0)
12 (75.0)

71 (88.8)
49.1 ± 14.6
22.2 ± 2.8
47 (58.8)
52 (65.0)
17 (21.2)
19 (23.8)

1 (20.0)
4 (80.0)

29 (39.7)
44 (60.3)

8 (50.0)
8 (50.0)

34 (42.5)
46 (57.5)

3 (60.0)
2 (40.0)

15 (23.8)
48 (76.2)

8 (66.7)
4 (33.3)

33 (48.5)
35 (51.5)

10.6 ± 4.2
0 (0.0)
0 (0.0)

10.3 ± 4.5
1 (1.4)
0 (0.0)

12.8 ± 4.8
1 (6.2)
0 (0.0)

13.2 ± 9.9
6 (7.5)
0 (0.0)

Sex (men)
Age
BMI (kg/m2)
Alcohol consumption
Current smoking
Previous ulcer history
Comorbidity
Anatomical findings
Location
Gastric ulcer
Duodenal ulcer
Size
≥ 1 cm
< 1 cm
Clinical course
Hospital stay
Complication
In hospital mortality

NSAIDs user group
Non-H. pylori ,
(n = 16)
Non-NSAIDs group
(n = 80)

P value

0.005
< 0.001
0.090
0.060
0.090
0.290
< 0.001
0.710

0.002

0.120
0.240

PPU: Perforated peptic ulcer; BMI: Body mass index; NSAIDs: Non-steroidal anti-inflammatory drugs; H. pylori: Helicobacter pylori.

Table 5 Multivariate analysis for the risk factors of non-steroidal anti-inflammatory drugs-associated perforated peptic ulcer
compared with n
 on-Helicobacter pylori , non-non-steroidal anti-inflammatory drug associated perforated peptic ulcer
Variables
Sex (men)
Age
BMI (kg/m2)
Alcohol consumption
Current smoking
Previous ulcer history
Comorbidity

Unadjusted OR (95%CI)

P value

0.16 (0.05-0.55)
1.12 (1.06-1.17)
0.89 (0.74-1.07)
0.23 (0.07-0.79)
0.32 (0.11-0.98)
1.24 (0.35-4.32)
9.63 (2.78-33.39)

0.003
< 0.001
0.210
0.020
0.050
0.740
< 0.001

Adjusted OR (95%CI)

P value

1.09 (1.04-1.16)

0.001

4.11 (1.03-16.48)

0.050

All variables with P ≤ 0.2 by univariate analysis were analyzed by multivariate analysis. BMI: Body mass index.

Table 6 Multivariate analysis for the risk factors of non-Helicobacter pylori , non-non-steroidal anti-inflammatory drugs perforated
peptic ulcer compared with solely Helicobacter pylori positive perforated peptic ulcer
Variables
Sex (men)
Age
BMI (kg/m2)
Alcohol consumption
Current smoking
Previous ulcer history
Comorbidity

Unadjusted OR (95%CI)

P value

0.71 (0.24-2.09)
1.04 (1.02-1.07)
1.09 (0.97-1.22)
1.73 (0.91-3.28)
1.91 (1.00-3.66)
1.92 (0.80-4.63)
1.76 (0.77-4.00)

0.530
0.001
0.160
0.100
0.050
0.150
0.180

Adjusted OR (95%CI)

P value

1.04 (1.02-1.07)

< 0.001

2.08 (1.05-4.13)

0.040

All variables with P ≤ 0.2 by univariate analysis were analyzed by multivariate analysis. BMI: Body mass index.

H. pylori infection and NSAIDs consumption are
still important risk factors for the development of
PPU. Several studies have investigated the risk factors
[12]
for the development of PPU. Gisbert et al
who
compared the prevalence of H. pylori infection and
NSAIDs treatment between PPU and uncomplicated
peptic ulcer disease identified that H. pylori prevalence
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were significantly lower in PPU and NSAIDs treatment
was associated with PPU in a multivariate analysis.
[5]
Another study from Swedish population suggested
that NSAIDs had little influence on peptic ulcer
complications reflecting declining incidences of peptic
ulcer complication despite rising NSAIDs prescription
after PPI introduction. However, these studies used
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suboptimal number of subjects with PPU or evaluated
the effect of only NSAIDs on ulcer complication without
consideration for H. pylori infection. Therefore, to the
best of our knowledge, this is the first study which
investigated the prevalence of not only patients with
H. pylori infection and NSAIDs treatment but also
with non-H. pylori, non-NSAIDs and included largest
number of PPU patents using clinical data from
hospitals.
Previous epidemiology study of peptic ulcer disease
in Korea showed that there was substantial proportion
of patients (40.6%) in non-H. pylori, non-NSAIDs
peptic ulcer disease among peptic ulcers developed
[19]
in a single tertiary center for a year , which was
closely correlated with our study. In our study, almost
half of the subjects (46%) were not associated with
H. pylori infection and NSAIDs treatment and these
patients had intermediate demographic characteristics
between H. pylori infected group and NSAIDs treated
group in terms of age and gender. Although the
reported prevalence of non-H. pylori, non-NSAIDs
is variable according to the geographical area due
to the difference of H. pylori infection prevalence,
previous Korean studies reported 16.2% to 22.2%
[22,23]
of prevalence
. This rate was intensified in the
development of PPU in our study, reflecting decreasing
prevalence of H. pylori infection in Korea.
Older age and alcohol consumption were significant
risk factors of non-H. pylori, non-NSAIDs associated
PPU compared with solely H. pylori positive PPU,
which suggested the possible effect of aging or alcohol
consumption on the development of non-H. pylori,
non-NSAIDs associated PPU. There has been few
studies about the association between aging or alcohol
consumption and complicated peptic ulcer disease.
[15]
Andersen et al
reported that alcohol consumption
was correlated with peptic ulcer bleeding, and
[24]
[25]
Charpignon et al
and Xia et al commonly showed
that aging was significant risk factor for idiopathic
peptic ulcers, which might be due to the association
with increased comorbidities according to aging.
Also, animal study suggested that decreased defense
mechanism of aging such as decreased secretion of
mucus, bicarbonate or prostaglandin could be the
[26]
reason of peptic ulcer in elderly patients . To confirm
the effect of aging or alcohol consumption on PPU,
further studies with large population are needed.
This study had several limitations that should
be addressed. First, retrospective study design
had inherently hidden bias from imperfect recall
and undetectable variables. Because most patients
performed only one diagnostic method to evaluate
H. pylori status and took H. pylori test after the
management of PPU such as antibiotics use and
surgical treatment, there was possibility of falsenegative results of H. pylori test. Also, surreptitious
NSAIDs/ASA use might be underestimated the
proportion of NSAIDs user group. Second, we could
not verify the independent risk factors of perforated
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peptic ulcers by comparison between the patients
with PPU and patients with uncomplicated peptic ulcer
disease due to rare incidence of PPU compared with
uncomplicated peptic ulcers. Third, although baseline
characteristics between the patients who were tested
or not for the H. pylori infection were comparable
except age, half of the patients with PPU were not
evaluated for H. pylori infection status because of lost
to follow-up after discharge, which could affect as a
selection bias. Fourth, because we initially identified
the patients with PPU using ICD code and then
review the medical records, there was a possibility
of underestimation of mortality of PPU. Although
the pitfalls stated above, this study included largest
population of PPU not only patients with H. pylori
infection and NSAIDs treatment but also with non-H.
pylori, non-NSAIDs.
In conclusion, Elderly patients with comorbidities
are associated with NSAIDs-associated PPU. Non-H.
pylori, non-NSAID peptic ulcer is important etiology in
the development of PPU and alcohol consumption is
associated risk factor.
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etiology of peptic ulcer.

Peer-review

The authors elucidated the epidemiological characteristics and associated
risk factors of perforated peptic ulcer in Korea. The present study was well
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Abstract

Institutional review board statement: The IRB of SYSUCC
has approved the protocol of this study.

AIM
To explore the effects of omeprazole on chemoradio
therapy efficacy and tumor recurrence in rectal cancer.

Informed consent statement: All study participants or their
legal guardian provided informed written consent prior to study
enrollment.

METHODS
The medical data of 125 rectal cancer patients who
received the same neoadjuvant chemoradiotherapy
(CRT) followed by surgery were retrospectively col
lected. Patients who received omeprazole (OME) orally
at a dose of 20 mg at least once daily for six days
and/or intravenously at 40 mg a day were recognized
as eligible OME users (EOU). Otherwise, patients
were regarded as non-eligible OME users (non-EOU).

Conflict-of-interest statement: The authors declare no conflicts
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Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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(CRT) followed by radical surgery is a preferred
treatment for patients with advanced rectal cancer
for its reduced local recurrence and high sphincter
[2-4]
preservation rate . However, disease relapse is still
[2]
a critical factor that affects patient survival . The
exploration of factors that affect CRT efficacy and
tumor recurrence is important to improve cancer
management.
Abnormal pH gradients in the tumor microenviron
ment are involved in tumorigenesis, tumor progression
[5-11]
and drug resistance
. Vacuolar type H+-ATPases
(V-ATPases) are proton pumps expressed on the
membrane of endolysosomal organelles and plasma
[5]
membranes , which could modulate the tumor acidic
[12,13]
microenvironment
. V-ATPases are overexpressed
in chemo-resistant cancer cells and are induced by
[14,15]
cytotoxic drugs
, playing a key role in cancer cells
[16]
with a multidrug resistance phenotype . Proton
pump inhibitors (PPIs), such as omeprazole (OME) and
esomeprazole, are used to relieve common side effects
of chemotherapy, such as nausea and emesis. In
addition to targeting the gastric acid pump, PPIs inhibit
[17-20]
the activity of V-ATPases
. Moreover, PPIs induce
[21]
[22]
apoptosis in gastric cancer cells , B-cell tumors
[23]
and hepatoblastoma cells
and promote autophagy
[24]
[25]
in melanoma cells
and pancreatic cancer cells .
PPIs improve the efficacy of T-cell-based cancer
[26-28]
immunotherapy
. In colorectal cancer, it is reported
that PPIs re-sensitize drug-resistant cancer colon
[26]
adenocarcinomas cell lines to cytotoxic drugs
These study results suggest that the application of
PPIs may be helpful in improving cancer treatment.
However, whether PPIs could affect CRT efficacy,
reduce tumor recurrence and improve survival in rectal
cancer patients remain unclear.

Moreover, a preferred OME dose cut-off of 200 mg on
tumor recurrence was obtained by receiver operating
characteristic (ROC) curves. Patients were divided into
two groups: the effective OME group (EOG, OME ≥
200 mg) and the non-effective OME group (non-EOG,
OME < 200 mg).
RESULTS
The good response rate of CRT efficacy (50.8%) in
EOU was significantly increased compared with nonEOU (30.6%) (p = 0.02). The recurrence rate in
the EOG was 10.3%, which was significantly lower
compared with 31.3% in non-EOG (p = 0.025). The
good response rate of CRT efficacy in EOG was 55.2%,
which was obviously higher compared with 36.5% in
non-EOG, with a significant difference (p = 0.072).
Multivariate Cox analysis demonstrated that OME (nonEOG and EOG) was an independent and significant
impact factor for DFS (p = 0.048, HR = 0.30, 95%CI:
0.09-0.99).
CONCLUSION
when applied as an adjuvant drug in cancer treatment
for relieving common side effects of chemotherapy,
omeprazole has a synergetic effect in improving CRT
efficacy and decreasing rectal cancer recurrence.
Key words: Omeprazole; Chemoradiotherapy efficacy;
Recurrence; Rectal cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In in vitro and in vivo studies, proton pump
inhibitors (PPIs) induce apoptosis of gastric cancer
cells, B-cell tumors and hepatoblastoma cells and
promote autophagy in melanoma cells and pancreatic
cancer cells. PPIs also sensitize chemo-resistant tumors
to cytotoxic drugs and improve the efficacy of T-cellbased cancer immunotherapy. However, whether PPIs
affect chemoradiotherapy (CRT) efficacy, decrease
tumor recurrence and improve survival in rectal cancer
patients remains unclear. In the present study, when
used as adjuvant drug in cancer treatment, omeprazole
has a synergetic effect in improving CRT efficacy and
decreasing recurrences in rectal cancer.

MATERIALS AND METHODS
Patients

From May 2008 to March 2016, the medical records
of consecutive rectal cancer patients who received the
same neoadjuvant CRT followed by radical surgery
were retrospectively collected. Neoadjuvant CRT
included three-dimensional conformal radiotherapy
(3D-CRT) using a total dose of 46 Gy concurrent with
two cycles of oxaliplatin plus capecitabine. The disease
was diagnosed by a combination of medical history,
physical examination, biopsy, and staging examination,
including abdominal ultrasound, abdominal-pelvis
computed tomography, colonoscopy and endoscopic
or trans-rectal ultrasonography. Tumors were staged
according to the AJCC (2010 edition). Tumor stages
before CRT and after surgery were classified as cTNM
and ypTNM, respectively. Patients lacking detailed
medical records or those with a second tumor or
distant metastasis were excluded. Finally 125 patients
met the criteria. The patients were aged 15-78 years,
with a mean age of 55.8 ± 12.01 years. The mean

Zhang JL, Liu M, Yang Q, Lin SY, Shan HB, Wang HY, Xu GL.
Effects of omeprazole in improving concurrent chemoradiotherapy
efficacy in rectal cancer. World J Gastroenterol 2017; 23(14):
2575-2584 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i14/2575.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2575

INTRODUCTION
Rectal cancer is one of the worldwide leading causes of
[1]
cancer related death . Preoperative chemoradiotherapy
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Surgery, tumor regression evaluation and adjuvant
chemotherapy

body weight and mean height of the patients was
60.1 ± 9.3 kg and 164.1 ± 6.85 cm, respectively. Pretreatment serum carcinoembryonic antigen (CEA)
and CA19-9 data were available in 120 of the 125
patients. The study was approved by the Medical
Ethics Committee of Sun Yat-Sen University Cancer
Center. Written informed consent was obtained from
all patients.

Radical surgery was performed 4-6 wk after CRT
completion. Primary tumor regression grade (TRG) was
determined semiquantitatively according to a modified
[34]
Dworak scale
based on the amount of viable tumor
vs the amount of fibrosis as follows: 0, no regression;
1, dominant tumor mass with obvious fibrosis and/or
vasculopathy; 2, dominantly fibrotic changes with
few tumor cells or groups (easy to find); 3, very few
(difficult to find microscopically) tumor cells in fibrotic
tissue with or without a mucous-like substance;
and 4, no tumor cells and only fibrotic mass (total
regression or response). A Dworak grade of 2 or 3
was determined by two experienced pathologists. CRT
efficacy was classified as either a “good response” or
a “poor response”. Good response cases were those
whose tumor regression was classified as TRG 3 or
4; poor response cases were those whose tumor
regression was graded as TRG 0, 1 or 2. Patients
were advised to undergo four to six cycles of adjuvant
chemotherapy that was the same as neoadjuvant
chemotherapy 4-6 wk after surgery completion. When
patients could not endure the side effects of adju
vant chemotherapy, capecitabine monotherapy was
adopted. Finally, 125 patients received 479 cycles of
adjuvant chemotherapy.

Neoadjuvant concurrent CRT

Radiation treatment planning was designed according
to the three-dimensional conformal radiation therapy
(3D-CRT), with one posterior field and two lateral
fields. Patients were treated using a range of 6-15
MV photons. Radiation was delivered at a total dose
of 46 Gy (23 fractions with 2 Gy per fraction in 5 wk).
Gross tumor volumes (GTVs) included rectal tumors
and enlarged lymph nodes. Clinical target volumes
(CTVs) included lymphatic drainage areas around the
rectum and sacrum. Planning target volume (PTV)
included areas with a 0.8-1.0 cm radial margin around
the CTV. Patients were treated in the prone position,
and a belly board was used to exclude the small bowel
2
out of the radiation field. Oxaliplatin (130 mg/m ) was
delivered intravenously over 2 h on the first day of
radiation treatment and on day 21. Capecitabine was
2
administered orally twice daily at 1000 mg/m on days
1-14 and days 21-34.

Follow-up

After completion of combined treatment, patients were
followed up every 3 to 6 mo in the first 3 years and
every 12 mo thereafter. Patient evaluation included a
physical examination, abdominal ultrasonography or
computed tomography scan, chest X-ray, and serum
CEA and Ca19-9 levels. Diagnosis of recurrence
was based on two types of radiologic examination
with or without abnormal plasma tumor markers.
Histopathological verification was performed when
necessary. The survival status was verified by exami
nation of clinical attendance records and direct
telecommunication with the patient or their family in
March 2016. Survival was censored at the time of the
last follow-up on March 1, 2016, with a median followup time of 66 mo (range 17-99 mo).

Dosage of omeprazole

Omeprazole usage was recorded in detail. Omeprazole
was administered orally at 20 mg twice a day
(Omeprazole Magnesium Entericcoated Tablets,
AstraZeneca AB), 40 mg (Omeprazole Sodium for
Injection, AstraZeneca AB) or 60 mg (Omeprazole
Sodium for Injection, Changzhou Siyao Pharmaceuticals
Co., Ltd.) intravenously one hour before the start of
chemotherapy and was continuously administered
in the following days if the patients complained of
digestive discomfort. The reduction in gastric peak acid
secretion after continuous oral administration of 20 mg
OME once daily for six days was comparable with the
[29]
effect of a single intravenous dose of 40 mg OME .
Thus, patients who received 20 mg OME orally at least
once a day for six days and/or intravenous infusion
of 40 mg OME daily were recognized as eligible OME
users (EOU); otherwise, the patients were regarded
as non-eligible OME users (non-EOU). Among the 125
patients, 63 patients met the criteria as EOU. Moreover,
the bioavailability of oral enteric-coated omeprazole
granules was initially low (approximately 35%-40%);
however, it increased to approximately 65% on
[30-33]
repeated dosing
. Therefore, the oral dose of EOU
was multiplied by 65% to convert to a dose comparable
with the intravenous dose for the intention of equal drug
bioavailability.

WJG|www.wjgnet.com

End points and statistical analysis

The study end points were CRT efficacy, recurrence,
disease-free survival (DFS) and overall survival (OS).
DFS was defined as the interval from surgery to either
confirmed recurrence or death, and OS was defined as
the time interval between surgery and death.
Continuous variables were expressed as the
2
mean ± SD. Student t test and χ tests were used
to compare differences between groups. A receiver
operating characteristic (ROC) curve was plotted to
identify a proper cut-off value. Kaplan-Meier analysis
was used to compare survival using the log-rank test.
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Table 1 Mean dose and duration of omeprazole administered orally and intravenously
OME

Cases

Oral1
IV2
IV + Oral3

administered dose (mg)

7
47
9

OME administration (No. of days)

Mean ± SD

95%CI

Max

Min

Mean ± SD

95%CI

Max

Min

260.0 ± 143.2
217.2 ± 184.8
406.2 ± 184.9

127.6-392.4
162.8-271.3
264.1-548.4

546
940
756

182
40
151

11.0 ± 8.0
3.8 ± 3.0
13.7 ± 7.0

3.6-18.3
2.9-4.6
8.2-19.1

28
16
28

7
1
7

Oral OME multiplied by 65%; 2OME received intravenously; 3Oral OME multiplied by 65% plus OME received intravenously. OME: Omeprazole.

1

Univariate and multivariate Cox proportional hazard
models were used to assess the effect of risk factors
on survival. Forward conditional methods were used
to establish the multivariate Cox proportional hazards
model. A two-tailed P value less than 0.05 was
considered statistically significant. Statistical analysis
was performed using the SPSS statistical software
package (version 22).

Table 2 Differences in the clinicopathological characteristics
in eligible omeprazole users and non-eligible omeprazole users
Characteristics
Sex
Male
Female
Age (yr)
< 60
≥ 60
BMI
< 25
≥ 25
Tumor size (cm)
≤3
3-6
≥6
Tumor grade
1
2
3
cTNM
Ⅱ
Ⅲ
CEA (ng/mL)
<5
≥5
CA19-9 (U/mL)
< 35
≥ 35
TGR
0
1
2
3
4
CRT efficacy
Poor
Good
ypTNM
ypcr
Ⅰ
Ⅱ
Ⅲ
Adjuvant CT
No
Yes
Recurrence
No
Yes

Total

P value

EOU
Non

Yes

90
35

46
16

44
19

0.59

73
52

37
25

36
27

0.77

100
25

47
15

53
10

0.25

49
61
15

24
30
8

25
31
7

0.95

28
88
9

14
46
2

14
42
7

0.23

39
86

22
40

17
46

0.31

62
58

28
30

34
28

0.47

102
18

50
8

52
10

0.72

39
15
20
24
27

23
8
12
9
10

16
7
8
15
17

0.25

74
51

43
19

31
32

0.02

25
26
40
34

9
16
20
17

16
10
20
17

0.34

21
104

9
53

12
51

0.5

92
33

46
16

46
17

0.66

RESULTS
Clinicopathological characteristics of patients treated at
different doses of OME

Among 63 OME users, 7 patients only received OME
orally, 47 patients only received OME intravenously, and
9 patients received OME both orally and intravenously.
The detailed information of OME dosage is presented
in Table 1. The good response rate (50.8%) in the EOU
was significantly increased compared with non-EOU
(30.6%) (p = 0.02, OR = 2.336, 95%CI: 1.124-4.856).
No significant differences for other clinicopathological
factors were found between the EOU and non-EOU
groups (all p values > 0.05). The patient characteristics
of EOU and non-EOU are summarized in Table 2.
PPIs inhibit cancer cell proliferation in a dose[25,35]
dependent manner
. Therefore, in addition to
arbitrarily applying a cut-off that meets the inclusion
criterion, a preferred OME dose cut-off for tumor
recurrence was investigated by ROC curves. The
dose that was closest to the upper left corner (100%
sensitivity and 100% specificity) was selected as
the cut-off dose. The area under the ROC curve
(AUC) was calculated to estimate the discriminatory
power of the produced OME dose cut-off of the entire
dose range on recurrence. A dose cut-off of 200 mg
was identified by ROC as the optimized point that
differentiated recurrence from non-recurrence with
maximal sensitivity and specificity (Figure 1). The
AUC was 0.66 (p = 0.053), and the OME dose of 200
mg differentiated recurrence from non-recurrence
with a specificity of 82.4% and a sensitivity of 56.5%.
Patients were then divided into the effective OME
group (EOG, patients received OME ≥ 200 mg)
and non-effective OME group (non-EOG, patients
received OME < 200 mg). Non-EOG and EOG patient
characteristics are summarized in Table 3.

EOU: Eligible OME users; non-EOU: Non-eligible OME users; BMI:
Body mass index; TGR: Tumor regression grade; adjuvant CT: Adjuvant
chemotherapy.
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Table 3 Differences in clinicopathological characteristics of
non-eligible omeprazole users and eligible omeprazole users

0.9
0.8

Sex
Male
Female
Age(yr)
< 60
≥ 60
BMI
< 25
≥ 25
Tumor size (cm)
≤3
3-6
≥6
Tumor grade
1
2
3
cTNM
Ⅱ
Ⅲ
CEA (ng/mL)
<5
≥5
CA19-9 (U/mL)
< 35
≥ 35
TGR
0
1
2
3
4
CRT efficacy
Poor
Good
ypTNM
ypcr
Ⅰ
Ⅱ
Ⅲ
Adjuvant CT
No
Yes
Recurrence
No
Yes

Total

P value

EOG
Non

Yes

90
35

71
25

19
10

0.380

73
52

58
38

15
14

0.410

100
25

77
19

23
4

0.920

49
61
15

37
47
12

12
14
3

0.940

28
88
9

22
67
7

6
21
2

0.960

39
86

30
66

9
20

0.980

62
58

45
46

17
12

0.390

102
18

76
15

26
3

0.420

39
15
20
24
27

34
11
16
17
18

5
4
4
7
9

0.330

74
51

61
35

13
16

0.072

25
26
40
34

16
21
31
28

9
5
9
6

0.380

21
104

14
82

7
22

0.230

97
28

66
30

26
3

0.025

0.7
Sensitivity

Characteristics

0.5
0.4
0.3
0.2
0.1
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1 - specificity

Figure 1 Receiver operating characteristic curve of omeprazole dose for
recurrence.

chemotherapy, with a mean value of 3.9 ± 2.2. EOG
received 108 cycles, and the mean value was 3.7 ± 2.6.
The mean adjuvant chemotherapy cycles were not
significantly different (p = 0.77) between the EOG and
non-EOG groups.

Survival difference between the non-EOG and EOG

At the end of the study, 96 (76.8%) patients were still
alive. The patients who did not survive all died from
tumor-related causes, and no patient died of PPI[36]
related severe infection
during the CRT treatment.
The mean DFS and mean OS of all patients was 62.9
mo ± 25.5 mo, 95%CI: 58.4-67.4) and 66.6 mo ±
21.8 mo, 95%CI: 62.8-70.5), respectively. The 3and 5-year DFS rates of all patients were 81.6% and
75.1%, respectively. The 3- and 5-year OS rates of all
patients were 85.6% and 78.8%, respectively.
A significant difference in DFS was noted between
non-EOG and EOG patients (p = 0.032; Figure 2A,
Table 4). In addition, a marginally significant difference
in OS was also observed (p = 0.092; Figure 2B
and Table 4). BMI, ypTNM and CRT efficacy were
significantly associated with DFS (p = 0.024, p < 0.005
and p = 0.031, respectively; Table 4), whereas cTNM
was a marginally significant factor of DFS (p = 0.067;
Table 4). ypTNM was the only significant impact factor
of OS (p = 0.003; Table 4), and BMI was a marginally
significant factor of OS (p = 0.05; Table 4).

EOG: Effective OME group; non-EOG: Non-effective OME group; BMI:
Body mass index; TGR: Tumor regression grade; adjuvant CT: Adjuvant
chemotherapy.

Cox proportional hazards model analysis

The univariate Cox analysis revealed that OME (nonEOG and EOG), BMI, CRT efficacy, and ypTNM were
significantly associated with DFS (p = 0.044, 0.039,
0.036 and p = 0.006, respectively; Table 5). The
cTNM was significantly associated with DFS (p =
0.075; Table 5), and BMI was marginally significantly
associated with OS (p = 0.069; Table 5). ypTNM was a
significant impact factor for OS (p = 0.045). No other
clinicopathological features significantly associated with
DFS and OS (all p > 0.05; Table 5).
Furthermore, multivariate Cox analysis demon

The recurrence rate in EOG was 10.3% (3/29),
which was significantly lower than 31.3% (30/96) in
non-EOG (p = 0.025, OR = 0.25, 95%CI: 0.07-0.90;
table 3). The response rate of CRT efficacy in EOG
was 55.2% (16/29), which was obviously increased
compared with 36.5% (35/96) in non-EOG, with a
marginally significant difference (p = 0.072, OR = 2.15,
95%CI: 0.93-5.00; Table 3). There was no significant
difference in other clinicopathological features between
the non-EOG and EOG groups (all p > 0.05, Table 3).
Non-EOG received a total of 371 cycles of adjuvant
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A

0.6
0.5

Non-EOG vs EOG (P = 0.032)
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0.4
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0.1

0
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0.5
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0.4
0.3
0.2
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  Disease free survival (mo)

0.1
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0
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24 36 48 60 72
Overall survival (mo)

84

96

Figure 2 Disease-free survival curves (A) or OS curves (B) of non-omeprazole and omeprazole. EOG: Effective omeprazole.

Table 4 Univariate analysis of impact of various characteristics on patient survival
Characteristics

n

Sex
Male
Female
Age (yr)
< 60
≥ 60
Tumor size (cm)
≤3
>3
BMI
< 25
≥ 25
Tumor grade
1
2, 3
cTNM
Ⅱ
Ⅲ
CEA (ng/mL)
<5
≥5
CA19-9 (U/mL)
< 35
≥ 35
CRT efficacy
Poor
Good
ypTNM
ypcr,Ⅰ, Ⅱ
Ⅲ
Adjuvant CT
No
Yes
OME
Non- EOU
EOU
OME (200 mg)
Non-EOG
EOG

P value

DFS
Mean (mo)

1

2

2

3-yr

5- yr

P value

OS
Mean (mo)

1

2

2

3- yr

5- yr

90
35

61.8 ± 25.9
65.6 ± 24.6

81.1%
82.9%

74.4%
76.9%

0.803

65.5 ± 22.2
69.5 ± 20.1

84.4%
88.6%

79.9%
79.8%

0.855

73
52

63.3 ± 26.3
62.4 ± 24.6

80.1%
82.7%

71.1%
80.7%

0.533

68.4 ± 22.0
64.2 ± 21.5

86.3%
84.6%

80.7%
78.7%

0.908

48
77

62.5 ± 26.1
63.2 ± 25.3

81.2%
81.8%

77.0%
74.0%

0.571

65.0 ± 22.4
67.7 ± 21.6

83.3%
87.0%

79.2%
80.3%

0.962

100
25

60.5 ± 26.8
72.7 ± 16.6

77.0%
96.0%

69.9%
96.0%

0.024

65.3 ± 22.7
72.1 ± 17.0

82.0%
96.0%

76.9%
92.0%

0.050

28
97

64.7 ± 28.0
62.4 ± 25.0

78.6%
82.5%

75.0%
75.2%

0.852

69.4 ± 22.5
65.6 ± 21.7

85.7%
85.6%

78.6%
80.2%

0.931

39
86

69.2 ± 23.2
60.0 ± 26.2

87.2%
79.1%

84.6%
70.7%

0.067

71.9 ± 18.8
64.2 ± 22.8

92.3%
82.6%

87.2%
76.4%

0.137

62
58

77.0 ± 4.1
80.4 ± 4.3

69.2%
82.8%

69.2%
74.0%

0.789

79.6 ± 3.7
86.1 ± 3.4

80.6%
89.7%

73.9%
84.5%

0.384

102
18

81.3 ± 3.1
68.1 ± 9.2

83.3%
72.2%

75.4%
66.7%

0.174

84.2 ± 2.7
78.3 ± 7.8

86.3%
77.8%

80.2%
72.2%

0.597

74
51

60.7 ± 27.2
66.1 ± 23.0

78.4%
90.2%

67.5%
86.0%

0.031

66.2 ± 23.2
67.3 ± 19.9

83.8%
88.2%

75.6%
86.1%

0.144

91
34

66.1 ± 24.0
54.3 ± 28.0

85.7%
70.6%

82.3%
55.6%

0.005

68.5 ± 20.1
61.6 ± 25.5

89.0%
76.5%

84.4%
67.6%

0.041

21
104

60.2 ± 31.5
63.5 ± 24.3

71.4%
83.7%

71.4%
75.8%

0.385

63.5 ± 26.5
67.3 ± 20.8

76.2%
87.5%

66.3%
82.7%

0.229

62
63

70.0 ± 25.8
55.9 ± 23.5

85.5%
77.8%

75.6%
74.6%

0.658

73.9 ± 21.9
59.5 ± 19.5

90.3%
82.5%

82.0%
77.6%

0.754

96
29

62.0 ± 28.2
65.9 ± 13.3

77.1%
96.6%

69.6%
46.7%

0.032

66.9 ± 24.1
65.8 ± 12.0

82.3%
96.6%

76.9%
89.5%

0.092

1

Mean ± SD (mo); 2Three or 5 years survival rate. EOU: Eligible OME users; Non-EOU: Non-eligible OME users; EOG: Effective OME group; Non-EOG:
Non-effective OME group; BMI: Body mass index; adjuvant CT: Adjuvant chemotherapy.
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Table 5 Univariate Cox analysis of the impact of various characteristics on patient survival
Characteristics
Sex
Male vs Female
Age (yr)
< 60 vs ≥ 60
BMI
< 25 vs ≥ 25
Tumor size (cm)
≤ 3 vs > 3
Tumor grade
1 vs 2, 3
cTNM
Ⅱ vs Ⅲ
CEA (ng/mL)
< 5 vs ≥ 5
CA199 (U/mL)
< 35 vs ≥ 35
CRT efficacy
Poor vs good
ypTNM
ypcr, Ⅰ,Ⅱ vs Ⅲ
Adjuvant CT
Non vs yes
EOU
Non vs yes
EOG
Non vs yes

P value

DFS
HR

95%CI

0.91

0.42-1.65

0.80

P value

OS
HR

95%CI

0.800

0.93

0.41-2.09

0.860

0.40-1.62

0.530

1.05

0.50-2.19

0.910

0.22

0.05-0.93

0.039

0.26

0.06-1.11

0.069

1.23

0.60-2.51

0.570

0.98

0.46-2.08

0.960

1.08

0.47-2.50

0.850

0.96

0.41-2.26

0.930

2.23

0.92-5.41

0.075

1.96

0.80-4.80

0.144

0.91

0.46-1.81

0.790

0.72

0.34-1.51

0.390

1.77

0.77-4.08

0.180

1.30

0.50-3.40

0.600

0.43

0.19-0.95

0.036

0.55

0.24-1.24

0.150

1.61

1.14-2.27

0.006

1.46

1.01-2.11

0.045

0.69

0.30-1.60

0.390

0.60

0.25-1.40

0.240

1.17

0.59-2.31

0.660

1.13

0.54-2.37

0.750

0.30

0.90-0.97

0.044

0.37

0.11-1.23

0.110

EOU: Eligible OME users; Non-EOU: Non-eligible OME users; EOG: Effective OME group; Non-EOG: Non-effective OME group; BMI: Body mass index;
Adjuvant CT: Adjuvant chemotherapy.
[37,38]

term treatment
. The mechanisms by which PPIs
[17,18]
affect cancer include inhibiting V-ATPase activity
,
[21-23]
[24,25]
inducing apoptosis
, promoting autophagy
[35]
and stimulating caspase-dependent cell death . PPIs
could sensitize chemo-resistant tumors to cytotoxic
[26]
drugs
and could improve the efficacy of T-cell[27,28]
based cancer immunotherapy
, suggesting that
PPIs may improve cancer treatment efficacy. In the
present study, we found a good response rate (50.8%)
in the EOU group that was significantly increased
compared with the non-EOU group (30.6%) (p = 0.02),
suggesting that OME could enhance the sensitivity
of rectal cancer to concurrent CRT. We noticed that
after the OME dose cut-off was increased, the good
response rate of CRT efficacy between EOG (55.2%)
and non-EOG (36.5%) patients exhibited a marginally
significant difference (p = 0.072). This result was
likely caused by an elevated cut-off that resulted in
a decreased EOG sample size, which would reduce
statistical power. To the best of our knowledge, this
study is the first to investigate the effect of PPIs on
CRT efficacy.
Abnormal extracellular acidic pH could enhance the
invasive capacity and metastatic behavior of cancer
[43-46]
cells
. V-ATPase is involved in pH-dependent
degradation of the extracellular matrix and promotion
[39,47]
of tumor invasion and metastasis
, suggesting
that inhibition of V-ATPase may prevent metastasis.
Consistent with these studies, the present study

strated that OME (non-EOG and EOG), BMI and ypTNM
were independent and significant predictors of DFS (p
= 0.048, HR = 0.30, 95%CI: 0.09-0.99, p = 0.038,
HR = 0.22, 95%CI: 0.05-0.92 and p = 0.01, HR = 1.58,
95%CI: 1.12-2.22). ypTNM was also an independent
and significant predictor of OS (p = 0.045, HR = 1.46,
95%CI: 1.01-2.11).

DISCUSSION
Neoadjuvant CRT could greatly improve the anus
save rate and decrease local recurrence rate in
[2-4,37]
advanced rectal cancer patients
. However, results
addressing whether neoadjuvant CRT could improve
[2,37]
survival are inconsistent
. The results of the
present study showed that CRT efficacy is a significant
clinicopathological factor associated with DFS (p =
0.031) and exhibits a favorable trend with OS (p =
0.144), indicating that CRT could decrease recurrence
and potentially benefit OS. The results of the present
study suggest that CRT efficacy is a significant
clinicopathological factor associated with DFS, and
[2-4]
this result is consistent with previous studies . The
present study results suggest that CRT has a potential
benefit in OS, but is not a significant predictor. These
results were consistent with the study by Sauer et
[37]
al
but not with the study of Calogero Cammà et
[2]
[27,38-42]
al . As a potential chemotherapeutic agent
,
PPIs are safe to humans at high doses and with long-
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results showed that the recurrence rate in EOG
patients was 10.3%, which was significantly lower
compared with 31.3% in non-EOG patients (p =
0.025). In addition, a significant difference in DFS
was noted between non-EOG and EOG patients (p
= 0.032), and a marginally significant difference in
OS was noted (p = 0.092). Further multivariate Cox
analysis demonstrated that OME (non-EOG and EOG)
is an independent and significant predictor of DFS (p =
0.048). These results suggest that when administered
as an adjuvant chemoradiotherapy drug, OME may
exert synergistic effects with concurrent CRT to reduce
tumor recurrence.
Whether the plasma concentration of the including
criteria for dosage of OME in the present study could
affect cancer cell vitality should be further discussed.
The oral intake of 20 mg OME could produce a
maximal plasma concentration of 2.5 mg/ml after
[48]
two hours in patients . The minimum OME dosage
for the inclusion criteria in the present study was 40
mg intravenously administered, achieving a plasma
concentration of 5 mg/mL. In in vitro studies, OME
dissolved in normal saline at a concentration of 1
[22]
mg/mL induces apoptosis in B-cell cancers
and
re-sensitizes drug-resistant cancer cell lines (22
melanomas, 2 colon adenocarcinomas, 2 breast
cancers and 2 ovarian carcinomas) to cytotoxic
[26]
drugs . In in vivo studies, 0.4 mg/kg OME coadministered with dichloroacetate and tamoxifen
exhibit a synergistically anti-proliferative effect on
[49]
cholangiocarcinoma . In addition, 2 mg/kg OME
combined with dichloroacetate exhibited an antitumor
effect on HT1080 fibrosarcoma cells inoculated in
[50]
mice . ESOM (2.5 mg/kg) reduced tumor growth in
[35]
SCID mice engrafted with human melanoma . In the
present study, the minimum OME dose per kilogram
of body weight was approximately 0.67 mg/kg (40
mg/60 kg), and the mean dose per kilogram of body
weight was 3.6 mg/kg (217.2 mg/60.0 kg), which
were higher than the least functional dosage reported
[49]
above .
BMI was significantly associated with DFS (p
= 0.024) and was a marginally significant factor
associated with OS (p = 0.05). Further multivariate Cox
analysis demonstrated that BMI was an independent
and significant predictor of DFS (p = 0.038), which was
[51]
consistent with a previous study .
Our study has several limitations. Although
consecutive patients were included, it is a retrospective
study. In addition, the patient sample of the study was
relatively small. However, the effects of OME on CRT
efficacy, tumor recurrence and patient survival were
first investigated in the present study, which would
be helpful for randomized and controlled trials in the
future.
In conclusion, when used as an adjuvant drug in
cancer treatment, omeprazole has a synergetic effect
on improving CRT efficacy and decreasing rectal cancer
recurrence.
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Background

Abnormal pH gradients of tumor microenvironment are involved in
tumorigenesis, tumor progression and drug resistance. Vacuolar type H+ATPases (V-ATPases) are proton pumps expressed on the membrane of
endolysosomal organelles and the plasma membrane, which could modulate
the tumor acidic microenvironment. Proton pump inhibitors (PPIs), such as
omeprazole (OME) and esomeprazole, are used to relieve common side
effects of chemotherapy, such as nausea and emesis. In addition to targeting
the gastric acid pump, PPIs inhibit the activity of V-ATPases. Moreover, PPIs
induce apoptosis in multiple cancer cells and promotes cancer cell autophagy.
PPIs also sensitize chemo-resistant tumors to cytotoxic drugs and improve the
efficacy of T-cell-based cancer immunotherapy. These study results suggest
that application of PPIs may be helpful to improve cancer treatment. However,
whether PPIs affect CRT efficacy, reduce tumor recurrence and improve
survival in rectal cancer patients remain unclear.

Research frontiers

The present study investigates whether omeprazole used as an adjuvant drug
in cancer treatment could improve cancer treatment efficacy.

Innovations and breakthroughs

In contrast with previous in vitro and in vivo studies, the present study clinically
revealed that when used as an adjuvant drug in cancer treatment, omeprazole
has synergetic effects on improving CRT efficacy and reducing rectal cancer
recurrence.

Applications

When used as an adjuvant drug in cancer treatment, omeprazole has a
synergetic effect on improving CRT efficacy and reducing rectal cancer
recurrence and is helpful in improving cancer treatment efficacy.

Peer-review

Zhang et al retrospectively reviewed a series of 125 patients with rectal cancer
and demonstrated that omeprazole users had better prognosis in term of
response and recurrence rates and disease-free survival.
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Abstract
AIM
To evaluate PIK3CA gene mutational status in Northwest
Chinese esophageal squamous cell carcinoma (ESCC)
patients, and examine the associations of PIK3CA gene
mutations with clinicopathological characteristics and
clinical outcome.

Institutional review board statement: Written consent was
obtained from each subject and the study procedures were
approved by the ethical committees of the Second Affiliated
Hospital of Xi’an Jiaotong University.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
A total of 210 patients with ESCC who underwent
curative resection were enrolled in this study.
Pyrosequencing was applied to investigate mutations
in exons 9 and 20 of PIK3CA gene in 210 Northwest
Chinese ESCCs. The associations of PIK3CA gene
mutations with clinicopathological characteristics and
clinical outcome were examined.
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RESULTS

PIK3CA gene mutations in exon 9 were detected in
48 cases (22.9%) of a non-biased database of 210
curatively resected Northwest Chinese ESCCs. PIK3CA
gene mutations were not associated with sex, tobacco
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Phosphatidylinositol 3-kinases (PI3Ks) are ex
pressed as heterodimers of p110 catalytic subunits
and p85 regulatory subunits that interact with
phosphatidylinositol-3-phosphate at the membrane
and catalyze the phosphorylation of protein kinase
B (PKB, also known as AKT), which activates the
[6]
downstream signaling pathway . Activation of the
PI3K/AKT signaling pathway plays an important role in
[7]
the development of a variety of human carcinomas .
The catalytic subunits of PI3K are encoded by
three genes (α, β, γ), with p110α subunit (PIK3CA)
amplification being reported in a number of different
tumor types. The mutant PIK3CA gene stimulates the
AKT pathway and promotes cell growth and invasion
[8,9]
in various types of human cancer
(Samuels, 2004
#620; Samuels, 2005 #638), including lung, breast,
[10-17]
gastric, and colon
.
PIK3CA gene mutations have also been detected
[18,19]
in Japanese and Korean ESCCs
. Although
independently associated with a poor prognosis
[13]
in Chinese breast cancer patients , it was found
to be associated with improved outcome in breast
[20]
cancer patients in the United States ; this seeming
contradiction requires an intensive study of this gene
in future research. In addition, PIK3CA gene mutations
and their prognostic role in Chinese ESCC patients
have been rarely reported. We therefore quantified
PIK3CA gene mutations in 210 samples of curatively
resected ESCCs using pyrosequencing, and examined
the prognostic significance of PIK3CA gene mutations
in Northwest Chinese ESCC patients.

use, alcohol use, tumor location, stage, or local
recurrence. When compared with wild-type PIK3CA
gene cases, patients with PIK3CA gene mutations in
exons 9 experienced significantly better disease-free
survival and overall survival rates.
CONCLUSION
The results of this study suggest that PIK3CA gene
mutations could act as a prognostic biomarker in
Northwest Chinese ESCC patients.
Key words: PIK3CA gene mutations; Esophageal
squamous cell carcinoma; Northwest Chinese; Prognostic
significance
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: PIK3CA gene mutations have been associated
with various prognoses in patients with different
cancers. However, no large-scale study has examined
the prognostic impact of PIK3CA gene mutations
in Northwest Chinese esophageal squamous cell
carcinoma (ESCC). In this study, we quantified PIK3CA
gene mutations via pyrosequencing technology using a
non-biased database of 210 curatively resected ESCCs.
It was found that PIK3CA gene mutations in Northwest
Chinese ESCC are associated with favorable prognoses.
It has been suggested that PIK3CA gene mutational
status can have a potential role as a prognostic
biomarker for ESCC.
Liu SY, Chen W, Chughtai EA, Qiao Z, Jiang JT, Li SM, Zhang
W, Zhang J. PIK3CA gene mutations in Northwest Chinese
esophageal squamous cell carcinoma. World J Gastroenterol
2017; 23(14): 2585-2591 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i14/2585.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2585

MATERIALS AND METHODS
Study subjects

A total of 210 patients with ESCC who underwent
curative resection at the Second Affiliated Hospital of
Xi’an Jiaotong University between 2009 and 2015 were
enrolled in this study. Patients were observed at 1 to 3
mo intervals until either death or December 30, 2015.
th
Tumor staging was carried out according to the 7
[21]
American Joint Committee Cancer Staging Manual .
Disease-free survival was defined as the length of time
after surgical treatment of the cancer during which
the patient survived with no sign of cancer recurrence.
Cancer-specific survival was defined as the time
between the date of operation and the date of death,
which was confirmed to be attributable to ESCC.
Overall survival was defined as the time between the
date of the operation and the date of death. Written
consent was obtained from each subject and the study
procedures were approved by the ethical committees
of the Second Affiliated Hospital of Xi’an Jiaotong
University.

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is a
major histologic type of esophageal cancer that is one
of the most aggressive malignant tumors worldwide,
especially in East Asian countries, and accounts for
[1,2]
most esophageal malignancies in China and Japan .
As one of the most commonly diagnosed cancers
among men in China, the estimated number of new
cases of esophageal cancer was 291238 in 2011, while
[3]
the numbers of deaths was 218957 in the same year ;
by 2015, these numbers had increased to 477900
[4]
and 375000, respectively . Both the incidence and
mortality rates were higher in rural areas than in urban
areas. Despite the continuing development of cancer
multimodality therapies, including surgery, radiotherapy,
and chemotherapy, the prognosis of ESCC patients
remains poor, even for those who undergo complete
[5]
resection of their carcinomas .
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Genomic DNA extraction, polymerase chain reaction,
and pyrosequencing of PIK3CA exon 9 and exon 20

Genomic DNA was extracted from 210 paraffinembedded tissue specimens of surgically resected
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followed by c.1633G>A (p.E545K) in 13 tumors.

Table 1 Two sets of primers of exon 9 and 20 of PIK3CA
gene for polymerase chain reaction
Exon

PIK3CA gene mutations and ESCC patient
characteristics

Primers

Exon 9

Forward
Reverse
Exon 20 Forward
Reverse

We examined whether the influence of PIK3CA gene
mutations on cancer-specific survival was modified by
any of the evaluated clinical, pathologic, or epidemiologic
variables of the ESCCs. As a result, we found that
PIK3CA gene mutations were not significantly associated
with any of the evaluated characteristics of ESCCs,
namely sex (male vs female), tobacco use (yes vs no),
alcohol use (yes vs no), tumor location (upper, middle
vs lower thoracic), preoperative treatment (yes vs no),
lymph node metastasis (yes vs no), or local recurrence
(yes vs no) (all P > 0.01; Table 3).

5’CAAAGCAATTTCTACACGAGATCC 3’
5’GTAAAAACATGCTGAGATCAGCCACAT 3’
5’TGGAATGCCAGAACTACAATCTTT 3’
5’GGTCTTTGCCTGCTGAGAGTT 3’

esophageal cancers using the QIAamp DNA Mini
kit (Qiagen, Hilgen, Germany) according to the
manufacturer’s instructions.
Polymerase chain reaction (PCR) amplifications
targeting the PIK3CA gene (exon 9 and 20) were
performed. Two sets of primers (Table 1) were used
for the detection of any mutation points in exons
9 and 20 of the PIK3CA gene. PCR was carried out
in a total volume of 20 μL. The mixture included 1x
2+
HotStarTaq buffer, 2.0 mmol/L Mg , 0.2 mmol/L dNTP,
0.2 μmol/L of each primer, 1U HotStarTaq polymerase
(Qiagen, Hilgen, Germany), and 1 μL template DNA.
The cycling program for exon 9 was initial denaturation
at 95 ℃ for 15 min, followed by 11 cycles at 94 ℃
for 20 s, 62 ℃-0.5 ℃ per cycle for 40 s, and 72 ℃ for
1 min. The cycling program for exon 20 was initial
denaturation at 95 ℃ for 15 min, followed by 27 cycles
at 94 ℃ for 20 s, 56 ℃ for 30 s, and 72 ℃ for 1 min.
The PCR products were electrophoresed on agarose
gels to confirm successful amplification of the 81 (exon
9) and 74 bp (exon 20) products.
PIK3CA pyrosequencing was carried out using the
Pyro-Mark Q24 System (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Primers of
PIK3CA gene (exon 9 and exon 20) for pyrosequencing
are shown in Table 2.

PIK3CA gene mutations and patient survival

We assessed the influence of PIK3CA gene mutations
on clinical outcome in Northwest Chinese patients with
curatively resected ESCC. During the follow-up of the
210 patients, there were a total of 46 deaths confirmed
to be attributable to esophageal cancer. The median
follow-up time for censored patients was 36.5 mo. In
the Kaplan-Meier analysis, patients with PIK3CA gene
mutations experienced significantly longer disease-free
survival (log rank P = 0.0094), cancer-specific survival
(log rank P = 0.0059), and overall survival (log rank P
= 0.0066) rates than those with the wild-type PIK3CA
gene (Figure 1).

DISCUSSION
Numerous genetic and functional studies have clearly
established a fundamental role for the PI3K signaling
pathway in the development of neoplasia. As an
oncogene in various human cancers, PIK3CA is one of
the most genetically mutated genes in human cancers
[22]
(including colorectal, brain, and gastric cancers) ,
having been displayed as mutated in various tumors,
thereby making it a possible therapeutic marker. PIK3CA
gene mutations and the subsequent activation of the
PI3K/AKT pathway are considered to play a crucial
role in cancer cell signaling pathways downstream of
growth factors, cytokines, and other cellular stimuli
[6,23]
in human neoplasm
. We therefore conducted this
study to examine the prognostic impact of PIK3CA gene
mutations among 210 Northwest Chinese patients with
curatively resected ESCC.
In this study, we identified PIK3CA gene mutations
in 48 out of 210 (22.9%) Northwest Chinese patients
with curatively resected ESCC, which is a rate similar to
[24]
that previously observed in ESCC (21%) , colorectal
[9]
[25,26]
cancer (32%) , and breast cancer (25%-40%)
,
but slightly higher than that for gastric cancers
[27]
[28]
(4.3%)
and brain tumors (5%) . Additionally,
we also found that c.1634A>C (p.E545A) was the
dominant mutation type, which was consistent with a
[29]
previous study in China . The PIK3CA gene mutation

Statistical analysis

For the statistical analysis, we used GraphPad Prism
5 software (GraphPad Software, La Jolla, CA). The
association between PIK3CA gene mutations and
clinicopathological variables were performed using the
χ 2-test or Fisher’s exact probability test. All P values
were two-tailed, with a P-value less than 0.01 being
considered significant. Estimation of overall survival
was calculated using the Kaplan-Meier method, with
statistical differences analyzed via the log-rank test.

RESULTS
PIK3CA gene mutational status in ESCC

For 210 patients who had undergone curative resection
of stage Ⅰ to Ⅲ ESCC, we examined PIK3CA gene
mutations (exon 9 and exon 20) by pyrosequencing
technology. In this study, PIK3CA gene mutations
were only observed in exon 9 in 48 (22.9%) of 210
Northwest Chinese ESCC samples. The most common
mutation of PIK3CA exon 9 was the c.1634A>C
(p.E545A) mutation, which was present in 35 tumors,
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Table 2 Primers of PIK3CA gene for pyrosequencing
Exon

Primers

Exon 9 RS1

Nucleotide dispensation order

Exon 9 RS2

Nucleotide dispensation order

Exon 9 RS3

Nucleotide dispensation order

Exon 20
RS

Nucleotide dispensation order

5’ CCATAGAAAATCTTTCTCCT 3’
5’ ATCGACTACACTGACTGACTGACTGACTGACTGACTG 3’
5’ TTCTCCTTGCTTCAGTGATTT 3’
5’ ATACACATGTCAGTCAGACTAGCTAGCTAGCTAG 3’
5’ TAGAAAATCTTTCTCCTGCT 3’
5’ ATAGCACTGACTGACTGACTACTGACTGACTGACTG 3’
5’TGGAATGCCAGAACTACAATCTTT 3’
5’GGTCTTTGCCTGCTGAGAGTT 3’

be used for mutation detection in tumors. Additionally,
pyrosequencing has been shown to be more sensitive
than regular sequencing in detecting EGFR and
[31,32]
KRAS mutations in lung cancer patients
. PIK3CA
gene mutational status was not identified as being
associated with any clinicopathological characteristics
of Northwest Chinese ESCC patients in our study,
which is consistent with two other studies in Korea and
[19,33]
China
.
Identifying prognostic factors or biomarkers
plays a crucial role in cancer research and clinical
[34-36]
treatment
. Previous studies examining the
relationship between PIK3CA gene mutations and
prognosis in human cancers have yielded variable
results and showed that PIK3CA gene mutational
status is not associated with ESCC patient survival,
although it does denote a better prognosis in breast
[37,38]
cancer and ovarian cancer
. This discrepancy might
be due to differences in tumor histologic type. We
conducted this study to explore the prognostic impact
of PIK3CA gene mutations among 210 Northwest
Chinese patients with curatively resected ESCC. It was
revealed that PIK3CA gene mutations were associated
with a favorable prognosis among patients with
curatively resected ESCC, suggesting PIK3CA gene
mutational status may be a prognostic biomarker for
Northwest Chinese ESCC patients that can be used to
identify the clinical outcome of patients with curatively
resected ESCC, which is consistent with its roles in
[24]
Japanese ESCC patients . Nonetheless, our findings
regarding the correlation between PIK3CA mutations
and favorable prognosis in esophageal cancer requires
further confirmation by future independent studies
using much larger non-biased cohorts of ESCCs.
In summary, this study suggests that PIK3CA
gene mutations are associated with a favorable clinical
outcome in operational resected ESCC, which supports
the PIK3CA gene’s role as a prognostic biomarker
for ESCC. Our data correlates with that of previous
studies suggesting that the acquisition of PIK3CA gene
mutations may be an important molecular event in the
etiology of a wide range of tumor types and highlights
the potential broad applicability that the PIK3CA gene
may have in the clinical outcome of human cancers.
Future studies are needed to confirm this association
and clarify the exact molecular mechanisms by which
PIK3CA gene mutations affects human cancer behavior.

Table 3 PIK3CA mutations and clinicopathological
characteristics in Northwest Chinese esophageal squamous cell
carcinoma patients n (%)
Clinical, epidemiologic,
or pathologic feature

Total, n

All cases
Sex
Male
Female
Tobacco use
Yes
No
Alcohol use
Yes
No
Preoperative treatment
Yes
No
Tumor location
Upper thoracic
Middle thoracic
Lower thoracic
Stage
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Lymph node metastasis
Yes
No
Local recurrence
Yes
No
Prognosis
Dead
Survived

P value

PIK3CA
Mutant

Wild-type

210

48

162

137 (65.3)
73 (34.7)

34 (70.8)
14 (29.2)

123 (75.9)
39 (24.1)

149 (71.0)
61 (29.0)

31 (64.6)
17 (35.4)

118 (72.9)
44 (28.1)

175 (83.3)
35 (16.7)

38 (79.2)
10 (20.8)

137 (84.6)
25 (15.4)

28 (13.3)
182 (86.7)

6 (12.5)
42 (87.5)

22 (13.6)
140 (86.4)

20 (9.5)
109 (51.9)
81 (38.6)

5 (10.4)
25 (52.1)
18 (37.5)

15 (9.2)
84 (51.9)
63 (38.9)

16 (7.6)
20 (9.5)
28 (13.3)
44 (21.0)
49 (23.3)
23 (11.0)
30 (14.3)

3 (6.3)
5 (10.4)
11 (22.9)
10 (20.8)
12 (25.0)
1 (2.1)
6 (12.5)

13 (8.0)
15 (9.3)
17 (10.5)
34 (21.0)
37 (22.8)
22 (13.6)
24 (14.8)

121 (57.6)
89 (42.4)

31 (64.6)
17 (35.4)

90 (55.6)
72 (44.4)

43 (20.5)
167 (79.5)

9 (18.8)
39 (81.2)

34 (21.0)
128 (79.0)

88 (41.9)
122 (58.1)

15 (31.3)
33 (68.7)

73 (45.1)
89 (54.9)

0.4756

0.2684

0.3778

0.8467

0.9651

0.1641

0.2663

0.7368

0.0885

frequency of ESCC in this study is slightly high when
compared with those of previous studies; we believe
this may be due to a difference in the patient cohorts,
sample sizes, or methods used to assess PIK3CA gene
mutation. When identifying PIK3CA gene mutations,
other researchers typically use direct sequencing
rather than the pyrosequencing used in the current
study, which is a reliable high-throughput method that
could be used as an alternative method for genotyping
[30]
mutation studies . There is also a non-electrophoretic
nucleotide extension sequencing technology that can
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the prognostic impact of PIK3CA gene mutations in Northwest Chinese ESCC
patients.

PIK3CA mutant
PIK3CA wild-type
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Survival rate

80
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The frequency of PIK3CA gene mutation in ESCC varied from 0% to 21%,
which could likely introduce some bias in the statistical analyses of their clinical
significance. More than 80% of PIK3CA gene mutations detected were localized
in exons 9 and 20 (helical and kinase domain), with three “hot-spot” mutations:
E542K, E545K, and H1047R. A recent report correlated with previous studies
suggesting that the acquisition of PIK3CA mutations may be an important
molecular event in the etiology of ESCC, and that mutations are associated with
their clinical outcome.
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Innovations and breakthroughs

This is, by far, one of the largest studies on the prognostic role of PIK3CA gene
mutations in Northwest Chinese ESCC to date, and it shows that PIK3CA gene
mutations in ESCC are associated with a favorable prognoses. It has been
suggested that PIK3CA gene mutational status can have a potential role as a
prognostic biomarker for ESCC patients.
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The PIK3CA gene is located on the 3q26.3 chromosome and encodes the
catalytic p110 alpha subunit of phosphoinositide 3-kinase (PI3K). The PI3K
signaling pathway is deregulated in many types of cancer, with only the PIK3CA
gene being reported as mutated and amplified.
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PIK3CA gene mutations are associated with a favorable clinical outcome in
operational resected Northwest Chinese ESCC patients, thereby suggesting
that the acquisition of PIK3CA gene mutations may be an important molecular
event in the etiology of a wide range of tumor types and highlighting the
potential broad applicability that PIK3CA gene may have in the clinical outcome
of human cancers.
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The authors examined the associations of PIK3CA gene mutations with
clinicopathological characteristics and clinical outcome in esophageal
squamous cell carcinoma patients in Northwest China. The authors exploited
the most recent literature concerning the subject. The study suggests that
PIK3CA gene mutations are associated with a favorable clinical outcome in
esophageal squamous cell cancer and that in the future the evaluation of
PIK3CA gene mutations may be potentially applied as a prognostic marker.
The manuscript is worth sharing with other researchers. It is concise, clear,
comprehensive, and convincing.
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Figure 1 Kaplan-Meier curves for disease-free survival, cancer-specific
survival, and overall survival in esophageal squamous cell carcinoma
according to PIK3CA gene mutational status.
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Background

Esophageal squamous cell carcinoma (ESCC) is the predominant histological
subtype of esophageal cancer in East Asian countries, where it accounts for
more than 90% of total esophageal cancer cases. Despite the development of
multimodality therapies, the prognosis of ESCC patients remains poor, even for
those who undergo complete resection of their carcinomas. The 5-year survival
rates of ESCC are between 11.1% and 56.5%, depending on the clinical stage
at the time of diagnosis. With the development of high-throughput genome
sequencing and screening technologies, an increasing number of cancerassociated genes have been identified to serve as potential therapeutic targets
or prognostic indicators. High frequencies of somatic mutations conferring
oncogenic potential have been found in the PIK3CA gene, which is associated
with poor prognosis in patients with colorectal or lung cancer. In contrast, a
relationship between PIK3CA gene mutations and favorable prognoses has
been shown in breast cancer. However, no large-scale study has examined
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Abstract
AIM
To investigate the significance of endothelial progenitor
cells (EPCs) in predicting severe acute pancreatitis
(SAP).

Clinical trial registration statement: This registration policy
applies to prospective, randomized, controlled trials only.
Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

METHODS
We recruited 71 patients with acute pancreatitis
(AP) and excluded 11 of them; finally, cases of mild
acute pancreatitis (MAP) (n = 30) and SAP (n = 30),
and healthy volunteers (n = 20) were internalized to
investigate levels of EPCs, C-reactive protein (CRP),
tumor necrosis factor-alpha (TNF-α), fibrinogen (FIB)
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for MAP. The major treatment for MAP is conservative,
while SAP requires enhanced monitoring and com
prehensive care that includes enteral/abenteric nutrition
support, antibiotics, or endoscopic sphincterotomy.
Lack of accurate or timely evaluation of AP will lead to
excessive medical treatments and a higher fatality rate.
Therefore, correct appraisal of the severity of AP is key
to clinical decision-making.
It is difficult to evaluate the severity of AP at the
early stage. Over the past decade, only 19% of AP cases
were graded accurately and only 67% of SAP cases
[2]
received special therapy in the intensive care unit . AP
has a complex etiology, and disease progression does
not always match clinical manifestations.
With the development of diagnostic tools - such as
the Acute Physiology And Chronic Health EvaluationⅡ (APACHE-Ⅱ) scoring system, Ranson criteria, the
Balthazar scoring system, and the gold standard,
[3,4]
contrast-enhanced computed tomography (CECT)
the ability to accurately predict the severity and clinical
[5]
outcome of AP patients can be up to 80% . However,
these methods are inconvenient to use and have
[6-8]
limited clinical value .
The Ranson score focuses primarily on biochemical
disturbances and must be completed more than 48
h after admission. The APACHE-Ⅱ score focuses on
physiologic variables. APACHE-Ⅱ and Balthazar scoring
can be done within the first 24 h, but the scores are
based on a high number of variables, and the methods
are not easily mastered. CECT also has several limi
tations; for example, iodinated contrast medium is
contraindicated in some patients and carries the risk of
nephrotoxicity. In addition, it usually requires patient
transport to another hospital site.
Serum biochemical detection is objective, exact,
economical, and enables real-time monitoring. Levels
of tumor necrosis factor-alpha (TNF-α), white blood cell
(WBC) count, C-reactive protein (CRP), and fibrinogen
(FIB) all can predict SAP, yet endothelial progenitor
cells (EPCs) may be a new biological marker.

and white blood cells (WBC) in peripheral blood.
RESULTS
The levels of TNF-α, WBC, FIB and CRP were higher
both in SAP and MAP cases than in healthy volunteers
(P < 0.05, all). Interestingly, the level of EPCs was
higher in SAP than MAP (1.63% ± 1.47% vs 6.61%
± 4.28%, P < 0.01), but there was no significant
difference between the MAP cases and healthy
volunteers (1.63% ± 1.47% vs 0.55% ± 0.54%,
P > 0.05). Receiver operating characteristics curve
(ROC) showed that EPCs, TNF-α, CRP and FIB were
significantly associated with SAP, especially EPCs and
CRP were optimal predictive markers of SAP. When the
cut-off point for EPCs and CRP were 2.26% and 5.94
mg/dL, the sensitivities were 90.0% and 73.3%, and
the specificities were 83.3% and 96.7%. Although, CRP
had the highest specificity, and EPCs had the highest
sensitivity and highest area under the curve value
(0.93).
CONCLUSION
Data suggest that EPCs may be a new biological marker
in predicting SAP.
Key words: Severe acute pancreatitis; Marker; Endothelial
progenitor cells
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endothelial progenitor cells (EPCs) may be
used as a novel biological marker to predict the severity
of acute pancreatitis (AP) considering the relation
between endothelial cells and EPCs. We compared five
markers, and concluded that EPCs had the highest area
under the curve value (0.93) and Youden index (0.8),
sensitivity (90.0%) and specificity (83.3%). EPCs may
represent a new biological marker for predicting severe
AP at the early stage.
Ha XQ, Song YJ, Zhao HB, Ta WW, Gao HW, Feng QS, Dong
JZ, Deng ZY, Fan HY, Peng JH, Yang ZH, Zhao Y. Endothelial
progenitor cells in peripheral blood may serve as a biological
marker to predict severe acute pancreatitis. World J Gastroenterol
2017; 23(14): 2592-2600 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i14/2592.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2592

Other biomarkers

Serum amylase (S-Amy) and urinary glandular amylase
(U-Amy) play an important role in the final diagnosis
of AP. However, the level of S-Amy in SAP may be
lower than that in MAP due to extensive necrosis
and calcification of the pancreas, which leads to
[9]
consumption of S-Amy . Therefore, it cannot be used
to predict SAP exactly.
However, data show that other biomarkers, in
[10]
[11]
cluding CRP
and TNF-α , are significantly related
to the severity and prognosis of AP. As a non-specific
acute phase protein, CRP induces endothelial cell
dysfunction, impairs vessel walls, and promotes
inflammatory reactions. In addition, a certain level of
CRP may impair the number and function of EPCs by
depressing the expression of endothelial nitric oxide
[12]
synthase mRNA .

INTRODUCTION
Acute pancreatitis (AP) is a frequent disease. Mild
acute pancreatitis (MAP) is easy to treat and the cure
rate is high. Although severe acute pancreatitis (SAP)
accounts for only 15%-30% of AP cases, it has a high
rate of multiple complications and a fatality rate of 5%
[1]
to 70% .
The treatment strategy for SAP is different than that
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In AP, TNF-α promotes a cascade of inflammatory
factors, such as IL-6 and IL-1. These are produced by
neutrophils and macrophages that infiltrate pancreatic
tissue. IL-1 promotes aggregation of WBCs and
[13]
apoptosis of pancreatic acinar cells .
Leukocyte-endothelial interaction and microcirculation
[14]
disorder may be central to the start of AP progression .
In addition, both TNF-α and EPCs can promote apoptosis
of pancreatic acinar cells by inducing the release of
caspase-3 protease, thereby affecting the prognosis of
[15,16]
AP
. At a certain level, TNF-α also induces premature
aging of high proliferation EPCs by modulating the p38
[17]
mitogen-activated protein kinase pathway .
Various inflammatory mediators are produced and
result in damage to cells and tissues. Highly coagulated
blood also leads to microcirculation disorders and
[18]
disseminated intravascular coagulation . Activation
of the coagulation and fibrinolytic systems cause other
serious outcomes.
Damage to endothelial cells (ECs) is a key factor
in systemic inflammatory mediator reactions and
secondary organ injury; EPCs sustain ECs. During the
embryonic period, EPCs differentiate from the outer
[19]
layer of the blood-island . Postnatal EPCs derive
mainly from umbilical cord blood, bone marrow and
[20]
peripheral blood .
Today, CD34+CD133+VEGFR+ cells, which are
involved in neovascularization associated with angiogenic
[21,22]
and vasculogenic mechanisms
, are widely considered
[23]
as EPCs . As such, EPCs can also be used to predict
progression or prognosis of cardiovascular diseases and
[24-26]
tumors
. In AP, activated proteases, neutrophils and
inflammatory mediums cause widespread damage to
ECs, eventually leading to dysfunction of the endothelial
barrier that activates coagulation and causes capillary
leaks.
As stated above, damaged ECs are a critical factor
in systemic inflammatory mediator reactions and
[27]
secondary organ injury . Previous studies report
that impaired or apoptotic ECs are repaired through
hyperplasia and lateral movement of peripheral mature
[28]
ECs. However, in 1997, Asahara et al first discovered
that CD34+ hematopoietic stem cells were capable of
differentiating into ECs and incorporating into sites of
neovascularization in vitro.
The apoptotic bodies of ECs damaged in AP were
shown to mobilize EPCs into peripheral blood from
bone marrow, and to promote the proliferation and
[29]
differentiation of EPCs . These progressions were
also shown to be mediated by inflammatory cells, e.g.,
WBCs and macrophages, and inflammatory factors
such as TNF-α, CRP and interleukin-8 (IL-8).
The purpose of this study was to investigate the
significance of EPCs in predicting SAP.

71 AP patients (38 women and 33 men; aged 22-80
years, median age of 50 years) were recruited within
24 h from the time of admission. The diagnosis of AP
was made according to at least two of the following
three criteria: (1) abdominal pain characteristic of AP;
(2) S-Amy and/or lipase ≥ 3 times the upper limit
of normal; and (3) characteristic findings of AP on a
computed tomography (CT) scan. Informed consent
was obtained from the patients and ethics approval
was obtained from the Institutional Research Ethics
Committee.
Reports show that in tumor patients, EPCs mobilize
from bone marrow into peripheral blood; besides, age
and chemotherapy also affect the number of EPCs. So,
exclusion criteria included any of the following: age
> 80 years, a diagnosis of cancer or hematological
proliferative disease under treatment, current steroid
or chemotherapy for any reason, normal findings on
amylase and lipase testing, failure to find changes
associated with pancreatitis on CT examination, and
unavailable complete blood counts or medical records.
Eleven patients with AP were excluded according to
these criteria.
Patients with pancreatitis were classified as the
SAP group (7 women, 13 men; median age of 57 ±
16 years) if they had organ failure, a Ranson score ≥
3, an APACHE-Ⅱ score ≥ 8, a class D or E Bathazar
score, or a CT severity index ≥ 4. The remainder
were classified as the MAP group (11 women, 9 men;
[9]
median age of 47 ± 20 years) .
After MAP and SAP had been diagnosed according
[9]
to Chinese criteria , all patients received conventional
treatments. Early prediction of SAP (according to
EPCs, TNF-α, WBC, CRP, FIB and other criteria) was
made within 24 h after admission. The control group
consisted of 20 healthy volunteers (9 women and
11 men; median age of 47 years), and all of the AP
patients were volunteers. In addition to the informed
consent and ethics approval cited above, this study
was also approved by ethics committee of Lanzhou
Military Command General Hospital of the People’s
Liberation Army. Again, written informed consent was
obtained from every subject.

Methods

We obtained blood samples from healthy volunteers
and AP patients within 24 h after admission. Blood
samples for cytofluorimetric analysis were processed
within 12 h, whereas plasma samples were stored at
-20 ℃ until used for other analyses.

Flow cytometric analysis

A total of 200 microliters of peripheral blood collected
in ethylene diaminetetraacetic acid (EDTA)-containing
tubes was incubated for 30 min at 4 ℃ with 5 μL of
FITC-anti-CD34 and PE-anti-CD133. After red cell
lysis, the samples were centrifuged and the pellets
5
resuspended in 1 mL PBS buffer. Cells (1 × 10 ) were
acquired by flow cytometer (FACSCalibur; Becton

MATERIALS AND METHODS
Patient recruitment

From September 2010 to October 2011, a total of
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1.0

Table 1 Analysis of diagnostic value
Sensitivity

Specificity

YI

AUC

2.26
103.12
8.98
5.85
5.94

90.0%
80.0%
83.3%
66.7%
73.3%

83.3%
80.0%
63.3%
76.7%
96.7%

0.73
0.60
0.47
0.43
0.70

0.926
0.790
0.704
0.749
0.859

0.8

Sensitivity

EPCs, %
TNF-a, pg/mL
WBCs, 109/L
FIB, g/L
CRP, mg/dL

Cut-off
value

MAP group

SAP group

Number
Average years of age
Sex (male/female)

20
47.65 ± 15.14
10/10

30
48.17 ± 16.85
14/16

30
54.97 ± 15.35
17/13

1 - specificity
0.2

0.4
0.6
1 - specificity

0.8

1.0

Figure 1 Receiver operating characteristic curves of endothelial progenitor
cells, tumor necrosis factor-alpha, white blood cell count, fibrinogen and
C-reactive protein. The severe acute pancreatitis group was taken as the
positive group and the MAP group was taken as the negative group. EPCs:
Endothelial progenitor cells; TNF-a: Tumor necrosis factor-alpha; WBC: White
blood cell count; FIB: Fibrinogen; CRP: C-reactive protein.

There was no significant difference in ages or sex among the three groups
according to ANOVA test. MAP: Mild acute pancreatitis; SAP: Severe
acute pancreatitis.

RESULTS
Comparison of characteristics of SAP, MAP and control
groups

Dickinson, San Jose, CA, United States) and the
percent of CD34+/CD133+ cells was analyzed using
CellQuest software (BD Bioscience, San Jose, CA,
United States).

The box plot shows that the distribution of data (i.e.,
EPCs, TNF-α, WBC, FIB and CRP) in each group was
asymmetrical (Figure 2). Furthermore, there were
different levels of the characteristics among the three
groups. Though, the level of EPCs in the control
and MAP groups was similar, there was a significant
difference between the MAP and SAP groups.
ANOVA showed that there was no significant
difference in age or sex among the three groups. In
the SAP, MAP and control groups, the serum levels
of TNF-α, WBC, FIB and CRP decreased sequentially;
differences were significant (P < 0.05, all). The level
of EPCs was higher in the SAP group compared with
the MAP group (P < 0.01), but there was no significant
difference between the MAP and control groups (P =
0.21) (Tables 2 and 3, Figure 3).

Analysis of TNF-α , WBC, CRP and FIB

TNF-α was detected by enzyme-linked immunosorbent
assay (ELISA) kit (R&D, Minneapolis, MN, United
States). CRP was investigated by LX20 automatic
biochemical analyzer (Beckman Coulter, Brea, CA,
United States). WBC was analyzed by blood cell
analyzer. FIB was measured by ACL 9000 automatic
coagulation/fibrinolysis analyzer (Instrumentation
Laboratory, Milan, Italy). To determine the diagnostic
value of EPCs, TNF-α, WBC, FIB and CRP, we compared
the area under the curve (AUC) and selected optimal
cut-off points for distinguishing SAP from MAP. We also
calculated sensitivity, specificity and the Youden index
(YI) of each marker (Table 1).

Correlations between the five markers

Correlations between the five biomarkers were positive
(P < 0.01, all). EPCs had the closest correlation with
TNF-α (r = 0.721, P = 0.00) (Table 4, Figure 4).

Statistical analysis

We used the Statistical Package for Social Sciences
(SPSS) for Windows (Version 17.0; IBM SPSS,
Armonk, NY, United States). Data are shown as mean
± SD. We compared subjects using multivariate
analysis of variance (ANOVA). Correlations among
the five markers were analyzed using Spearman’s
rank correlation. We constructed receiver operating
characteristic (ROC) curves taking SAP as the positive
group and MAP as the negative group to predict
SAP (Figure 1). The AUC was used to evaluate the
diagnostic value of the five biomarkers.

WJG|www.wjgnet.com

0.4

0.0
0.0

Table 2 Basic characteristics of the three groups
Control group

TNF-a
WBC
FIB
CRP
EPCs
Reference

0.2

AUC: Area under the curve; EPCs: Endothelial progenitor cells; FIB:
Fibrinogen; TNF-a: Tumor necrosis factor-alpha; WBCs: White blood cells;
YI: Youden index.

Patient characteristic

0.6

Diagnostic value of EPCs, TNF-α , WBC, FIB and CRP

The optimal cut-off values of EPCs, TNF-α, FIB and CRP
were 2.26%, 103.12 pg/mL, 5.85 g/L and 5.94 mg/dL,
respectively. A comparison of AUCs showed AUC-EPCs
(0.93) > AUC-CRP (0.86) > AUC-TNF-α (0.79) > AUCFIB (0.75) (P < 0.01, all). Although AUC-WBC was 0.704
9
(AUC > 0.70), WBC 8.98 × 10 could not be used to
predict SAP, perhaps due to distortions from drugs.
According to AUC or YI, EPC may be an optimal
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500.00

20.00

400.00
TNF (pg/mL)

EPCs (%)

15.00

10.00
*

40

5.00

31
36

100.00
0.00
Control

MAP

SAP

Control

MAP

SAP

Control

MAP

SAP

10.00

25.00
*

20.00

66

8.00

51
29

15.00

FIB (g/L)

9

* 30
* 40
*

200.00

0.00

WBC (10 /L)

29

300.00

10.00

6.00
4.00
2.00

5.00

0.00

0.00
Control

MAP

12.50

SAP

37

CRP (mg/dL)

10.00
7.50
5.00
2.50

4

0.00
Control

MAP

SAP

Figure 2 Distribution of data for the endothelial progenitor cells, tumor necrosis factor-alpha, white blood cell count, fibrinogen and C-reactive protein
in each group was asymmetrical. EPCs: Endothelial progenitor cells; TNF-a: Tumor necrosis factor-alpha; WBC: White blood cell count; FIB: Fibrinogen; CRP:
C-reactive protein.

marker to predict SAP, followed by CRP. Besides the
highest AUC value (0.93) and YI (0.73), EPCs also
had the highest sensitivity (90%), while CRP had the
highest specificity (96.7%). In serial tests, the YI of
combinations including EPCs was higher than that of
other combinations without EPCs. EPCs combined with
CRP had the highest specificity (99.4%). Combining
more markers did not improve diagnostic value
according to YI.

Table 3 Comparison of the five markers in the three groups
Patients
characteristic
EPCs, %
TNF-α, pg/mL
WBC, 109/L
FIB, g/L
CRP, mg/dL

Control group

MAP group

0.55 ± 0.54
19.16 ± 9.33b
6.45 ± 1.24b
1.55 ± 0.79b
0.74 ± 0.40b

1.63 ± 1.47
101.18 ± 74.59a
8.94 ± 2.58a
4.47 ± 1.85a
2.70 ± 2.52a

SAP group
6.61 ± 4.28a,b
208.16 ± 118.03a,b
10.90 ± 3.47a
6.48 ± 2.23a,b
7.70 ± 3.36a,b

a

P < 0.05 vs Control; bP < 0.05 vs MAP. EPCs: SAP vs MAP, P = 0.00; SAP
vs Control, P = 0.00; MAP vs Control, P = 0.54; TNF-α: SAP vs MAP, P
= 0.00; SAP vs Control, P = 0.00; MAP vs Control, P = 0.01; FIB: SAP vs
MAP, P = 0.00; SAP vs Control, P = 0.00; MAP vs Control, P = 0.00; WBC:
SAP vs MAP, P = 0.07; SAP vs Control, P = 0.00; MAP vs Control, P = 0.02;
CRP: SAP vs MAP, P = 0.00; SAP vs Control, P = 0.00; MAP vs Control, P
= 0.04. CRP: C-reactive protein; EPCs: Endothelial progenitor cells; FIB:
Fibrinogen; TNF-a: Tumor necrosis factor-alpha; WBC: White blood cells.
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DISCUSSION
Systemic inflammatory response syndrome and
multiple organ dysfunction syndrome induced by
various inflammatory mediators are lethal factors in
[30]
AP . Inflammation and imbalance of coagulation are

2596

April 14, 2017|Volume 23|Issue 14|

Ha XQ et al . EPC may serve as a marker for severe AP

A

35

Control
MAP
SAP

30
25
20
15
10
5
0

WBC

C

4

10

D 104

4

10

3

CD133 PE

CD133 PE

CRP

10

3

10

2

10

1

10

3

10

2

10

1

10

0

10

0

10

FIB

CD133 PE

B

TNF-a/10

0

10

1

10

2

3

10
10
CD34 FITC

Quadrant statistics
Fle: 2011-05-26.001
Quad Events Gated
UL
0% 0.00%
UR
3% 0.69%
LL
423% 97.92%
LR
6% 1.39%

4

10

Total
0.00
0.02
2.12
0.03
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4
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4.30
0.00

0
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1

10

2

3
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10
CD34 FITC

Quadrant statistics
Fle: 2011-03-28.003
Quad
Events Gated
UL
41% 2.46%
UR
78% 4.68%
LL
15.00% 90.09%
LR
46% 2.76%

4

10

Total
0.14
0.26
5.00
0.15

Figure 3 Contrast of the five markers. A: Comparison of the levels of tumor necrosis factor-alpha (TNF-α), white blood cell count (WBC), fibrinogen (FIB), and
C-reactive protein (CRP) in the peripheral blood. The levels of TNF-α, WBC, FIB and CRP in the control, mild acute pancreatitis (MAP) and severe acute pancreatitis
(SAP) groups increased in sequence; B, C, D: Flow cytometric analysis of endothelial progenitor cells (EPCs). The mean levels of EPCs in the control, MAP and SAP
groups were 0.55 ± 0.54, 1.63 ± 1.47 and 6.61 ± 4.28, respectively. There was a significant difference between the MAP and SAP groups (P < 0.01). However, the
level of EPCs in the control and MAP groups was similar.

two keys to these pathologic processes. Therefore,
inflammatory and coagulation factors may serve as
biological markers to predict the severity and prognosis
of AP.

Table 4 Relations among the five markers

EPCs
TNF-a
WBCs
FIB

New biological maker to predict SAP

EPCs have a close relation with the endothelial system,
[31]
and may be antigen-presenting cells . That means
EPCs may contribute to the processes of AP, and may
be a potential marker to predict the severity and
prognosis of AP at the early stage. This investigation
supports that hypothesis.
Data indicate that the normal level of EPCs in
peripheral blood range from 0% to 0.05% of circulating
[32,33]
mononuclear cells
. We found that the mean level
of EPCs in peripheral blood of the control, MAP and
SAP patients were 0.55% ± 0.54%, 1.63% ± 1.47%
and 6.61% ± 4.28%, respectively. The difference
between the MAP and SAP groups was significant (P
< 0.01). However, the level of EPCs in the control
and MAP groups was similar. Furthermore, the control
group level of EPCs (mean of 0.55% ± 0.54%, range
of 0% to 0.16%) was higher than reported. This may
be attributed to national, altitude and other factors.
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TNF-a,

WBCs,

FIB,

CRP,

r value

r value

r value

r value

0.7211

0.5942
0.555

0.7033
0.639
0.442

0.666
0.614
0.408
0.6854

1

Endothelial progenitor cells (EPCs) had the closest correlation with tumor
necrosis factor-alpha (TNF-α) (P < 0.01); 2White blood cells (WBCs) had
the closest correlation with EPCs (P < 0.01); 3Fibrinogen (FIB) had the
closest correlation with EPCs (P < 0.01); 4C-reactive protein (CRP) had the
closet correlation with FIB (P < 0.01).

EPCs also had positive correlations with the other four
markers in AP patients and controls (P < 0.01, all).
According to AUC value and YI, EPCs and CRP
appeared to be optimal biomarkers for predicting SAP.
Although CRP had the highest specificity (96.7%),
EPCs had the highest sensitivity (90.0%) and
highest AUC value (0.93) compared with the other
five markers. CRP is produced by the liver after the
stimulation of IL-6 and other hormones so that the
peak of CRP appears 24-48 h later than IL-6; as well,
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Figure 4 Spearman’s correlations between endothelial progenitor cells and the other four markers showed the endothelial progenitor cells had a positive
correlation with the other four markers. A-D: The closest correlation was between endothelial progenitor cells (EPCs) and tumor necrosis factor-alpha (TNF-α) (r =
0.72, P < 0.01).

the different level of CRP between MAP and SAP groups
[34]
appears 2 d later, after clinical symptoms occur . In
contrast, EPCs are instantly mobilized, suggesting that
EPCs might be superior to CRP in predicting SAP at the
early stage.

off level is lower than reported, may be attributed to
different patient admission times.

Value of TNF-α and FIB is still in dispute

TNF-α rose rapidly at the early stage of AP, and it had
a negative correlation with the rate of decay and the
severity of AP. This investigation indicated that TNF-α,
with a significant AUC value (AUC-TNF-α > 0.7), can
be used as a marker to predict SAP at the early stage.
Since coagulation function disorder also occurs in
the early stage of SAP, markers of coagulation function
can also be used to predict the severity of AP. FIB is
the most important coagulation factor, with the highest
normal serum level of 2-4 g/L. Reports suggest that
progressive change indicates poor prognosis. This
investigation found that FIB > 5.85 g/L may predict
SAP with a respective sensitivity and specificity of
66.7% and 76.7%.
According to the AUC value and YI, both TNF-α and
FIB seemed to have lower diagnostic value than EPCs
or CRP. Furthermore, WBC could be easily modified by
anti-inflammatory drugs, such as aspirin, making it an
unlikely biomarker to identify SAP or MAP.
In this investigation, we first proposed that EPCs
may be used as a novel biological marker to predict
the severity of AP considering the relation between ECs
and EPCs. We compared five markers, and concluded
that EPCs had the highest AUC value (0.93) and YI

CRP as a feasible biological marker to predict SAP

CRP impairs the repairing effect of EPCs and leads to
the dysfunction of ECs, finally resulting in progression
of AP. This investigation showed that CRP has a
positive correlation with EPCs that may be attributable
to the peripheral blood level of CRP. CRP is accurate,
cost-effective and popular. Therefore, it could be used
[35,36]
as a significant independent biological marker
.
The World Congress of Gastroenterology also
suggests that CRP might be an independent risk factor
for SAP. If CRP is > 150 mg/L in 72 h, it suggests SAP
and the occurrence of complications. The Congress’
[37]
s Report
included that the sensitivity, specificity,
positive predictive value (PV+) and negative predictive
value (PV-) of CRP were 86%, 87%, 75% and 93%,
respectively. This investigation indicates that CRP >
5.94 mg/dL (59.4 mg/L) within 24 h after admission
suggests SAP. Furthermore, at this cut-off value,
the sensitivity, specificity, PV+ and PV- of CRP were
73.3%, 96.7%, 95.7% and 78.4%, respectively.
CRP is produced later in the progress of AP, with
the peak sustained in only 24 h. That the optimal cut-
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(0.8), sensitivity (90.0%) and specificity (83.3%).
According to the YI, combination of CRP with EPCs
would improve diagnostic value. Data suggest that
EPCs may be a new biological marker in predicting SAP
at the early stage.

2

3

COMMENTS
COMMENTS

4

Background

Acute pancreatitis (AP) is a frequent disease. Mild acute pancreatitis is
easy to treat and the cure rate is high. Although severe acute pancreatitis
(SAP) accounts for only 15%-30% of AP cases, it has a high rate of multiple
complications and a fatality rate of 5% to 70%. Lack of accurate or timely
evaluation of AP will lead to excessive medical treatments and a higher fatality
rate. Therefore, correct appraisal of the severity of AP is key to clinical decisionmaking. Data show that biomarkers, including C-reactive protein (CRP) and
tumor necrosis factor-alpha (TNF-α) are significantly related to the severity
and prognosis of AP. As a non-specific acute phase protein, CRP induces
endothelial cell dysfunction, impairs vessel walls and promotes inflammatory
reactions. In addition, a certain level of CRP may impair the number and
function of endothelial progenitor cells (EPCs) by depressing the expression of
endothelial nitric oxide synthase. The purpose of this study was to investigate
the significance of EPCs in predicting SAP.

5

6

7

Research frontiers

EPCs have a close relation with the endothelial system, and may be antigenpresenting cells. That means that EPCs may contribute to the processes of AP,
and may be a potential marker to predict the severity and prognosis of AP at the
early stage.

8

Innovations and breakthroughs

In this investigation, the authors first proposed that EPCs may be used as a
novel biological marker to predict the severity of AP, considering the relation
between ECs and EPCs. The authors compared five markers, and concluded
that EPCs had the highest AUC value (0.93) and Youden index (YI) (0.8), as
well as the highest sensitivity (90.0%) and the second highest specificity (83.3%)
from among five markers evaluated. According to the YI, combination of CRP
with EPCs will improve diagnostic value. Furthermore, this investigation showed
that EPCs had positive correlations with the four other markers in AP patients.

9
10

Applications

11

Terminology

12

This study suggests that EPCs may be used as a new biological marker in
predicting SAP at the early stage.

EPCs may be used as a novel biological marker to predict the severity of AP
considering the relation between ECs and EPCs. The authors compared five
markers, and concluded that EPCs had the highest AUC value (0.93) and YI
(0.8), sensitivity (90.0%) and specificity (83.3%). EPCs may be a new biological
marker in predicting SAP at the early stage.

13

Peer-review

14

This article relooks at whether EPCs may be used as a novel biological marker
to predict the severity of AP, considering the relation between ECs and EPCs.
Compared with five markers, the authors concluded that EPCs had the highest
AUC value (0.93) and YI (0.8), sensitivity (90.0%) and specificity (83.3%). So,
EPCs may be useful as a new biological marker in predicting SAP at the early
stage.
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To investigate the expression and clinical pathological
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significance of ROR2 and WNT5a in gallbladder
squamous/adenosquamous carcinoma (SC/ASC) and
adenocarcinoma (AC).

carcinoma (SC/ASC) and adenocarcinoma (AC) of the
gallbladder. We found that positive ROR2 or WNT5a
expression in both SC/ASC or AC patients were nega
tively correlated with postoperative survival rate and
positively correlated with mortality. Elevated expression
levels of ROR2 or WNT5a are associated with a higher
risk of GBC and are independent prognostic predictors.

METHODS
EnVision immunohistochemistry was used to stain for
ROR2 and WNT5a in 46 SC/ASC patients and 80 AC
patients.
RESULTS
Poorly differentiated AC among AC patients aged > 45
years were significantly more frequent compared with
SC/ASC patients, while tumors with a maximal diameter
> 3 cm in the SC/ASC group were significantly more
frequent compared with the AC group. Positive ROR2
and WNT5a expression was significantly lower in SC/
ASC or AC with a maximal mass diameter ≤ 3 cm, a
TNM stage of Ⅰ + Ⅱ, no lymph node metastasis, no
surrounding invasion, and radical resection than in
patients with a maximal mass diameter > 3 cm, TNM
stage Ⅳ, lymph node metastasis, surrounding invasion,
and no resection. Positive ROR2 expression in patients
with highly differentiated SC/ASC was significantly
lower than in patients with poorly differentiated SC/
ASC. Positive ROR2 and WNT5a expression levels in
highly differentiated AC were significantly lower than
in poorly differentiated AC. Kaplan-Meier survival
analysis showed that differentiation degree, maximal
mass diameter, TNM stage, lymph node metastasis,
surrounding invasion, surgical procedure and the ROR2
and WNT5a expression levels were closely related
to average survival of SC/ASC or AC. The survival
of SC/ASC or AC patients with positive expression
of ROR2 and WNT5a was significantly shorter than
that of patients with negative expression results. Cox
multivariate analysis revealed that poor differentiation,
a maximal diameter of the mass ≥ 3 cm, TNM
stage Ⅲ or Ⅳ, lymph node metastasis, surrounding
invasion, unresected surgery and positive ROR2 or
WNT5a expression in the SC/ASC or AC patients were
negatively correlated with the postoperative survival
rate and positively correlated with mortality, which are
risk factors and independent prognostic predictors.

Wu ZC, Xiong L, Wang LX, Miao XY, Liu ZR, Li DQ, Zou Q,
Liu KJ, Zhao H, Yang ZL. Comparative study of ROR2 and
WNT5a expression in squamous/adenosquamous carcinoma and
adenocarcinoma of the gallbladder. World J Gastroenterol 2017;
23(14): 2601-2612 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i14/2601.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2601

INTRODUCTION
Gallbladder carcinoma is rare, accounting for appro
ximately 0.28% of the general surgery diseases treated
within a given period of time. Gallbladder carcinomas
mainly consist of adenocarcinomas (ACs), which account
for > 90% of gallbladder carcinomas. Gallbladder
squamous carcinoma (SC) and adenosquamous
carcinoma (ASC) are rare pathological subtypes of
gallbladder carcinoma, with a combined incidence
rate accounting for approximately 1.4%-10.4% of all
[1]
gallbladder carcinomas . Because of this low incidence,
the clinicopathological characteristics and biological
behavior of SC/ASC remain unclear.
Few studies on this topic are available in the
literature, and most of them consist of case reports or
[1-6]
clinical case analyses . In recent years, some studies
have identified the following characteristics of SC/
[1]
ASC . No special symptoms are shown in the early
stage, with the most common clinical manifestations
being right upper abdominal pain and discomfort.
Most cases are in the late stage at diagnosis, and the
efficacy of surgery is therefore poor. Early diagnosis
and radical surgery contributes to improvement of the
[2]
prognosis .
The disease is likely to be initiated with squamous
epithelium metaplasia in the gallbladder mucosa,
followed by carcinogenesis on this basis, though some
researchers believe that it occurs in the pluripotent
basal cells in the gallbladder mucosa; more in-depth
[3]
study is awaited . Carcinogenic factors may mainly
be related to the long-term chronic irritation of in
flammation and cholelithiasis. Some authors have also
proposed that carcinogenesis may be related to the
long-term effects of bacteria and chemical reactions
in bile, forming carcinogens such as anthracene and
[4]
methylcholanthrene .
A number of studies has found that compared
with AC, SC/ASC shows stronger proliferation, higher
malignancy and directly invades the surrounding
tissues and organs much more readily, whereas it

CONCLUSION
SC/ASC or AC patients with positive ROR2 or WNT5a
expression generally have a poor prognosis.
Key words: Gallbladder adenosquamous carcinoma;
Gallbladder squamous carcinoma; ROR2; Gallbladder
adenocarcinoma; WNT5a; Immunohistochemistry
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gallbladder carcinoma (GBC) is a highly
aggressive malignancy of the biliary tract. However,
biological markers for the diagnosis, prognosis, and
targeted therapy of GBCs are still not clear. In this study,
we investigated the clinicopathological significance
of ROR2 and WNT5a in squamous/adenosquamous
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and Wnt5a in gallbladder SC/ASC and AC has been
reported in the literature to date. In the present study,
using the EnVision immunohistochemistry method, the
expression levels of ROR2 and Wnt5a and their clinical
pathological significance were investigated in tissues
from 46 cases of gallbladder SC/ASC and 80 cases
of gallbladder AC. Additionally, the clinicopathological
characteristics of SC/ASC and AC, and the differences
in the expression of ROR2 and Wnt5a were compared.

shows less frequent regional metastasis in the lymph
nodes and other distant organs compared with AC.
However, this finding is still controversial, with different
[5]
perspectives being discussed . Surgery is still the
preferred treatment for SC/ASC, but the efficacy of
surgery is largely dependent on clinical staging and the
applied surgical methods. In addition, postoperative
[6]
radiotherapy may have some effect . Few or no
fundamental systematic studies on the pathogenesis
of SC/ASC have been reported in the literature, and
most studies are focused on markers of pathological
diagnosis, due to the extremely low incidence of SC/
ASC and the difficulty of collecting a given number of
cases.
Receptor tyrosine kinase-like orphan receptor 2
(ROR2) belongs to the receptor tyrosine kinase (RTK)
family. Many members of this kinase family play an
important role in the process of morphogenesis and
differentiation in mammals. ROR2 can act as a receptor
for Wnt5a, leading to signal transduction through
the JAK-STAT3 and Wnt/JNK signaling pathways[7,8].
Recent studies have found that the expression of
ROR2 is closely related to the occurrence, progression,
biological behavior and prognosis of a variety of
[9]
malignant tumors, such as gastric cancer , colorectal
[10]
[11]
[12]
cancer , liver cancer , breast cancer , esophageal
[12]
[13]
squamous carcinoma
and medulloblastoma .
Further studies demonstrated that malignancies with
a high expression level of ROR2 are typically poorly
differentiated, of a high clinical stage, and prone
to metastasis with strong invasiveness. ROR2 is
considered to be an important biological indicator for
assessing the prognosis of patients with malignant
tumors, and a high expression level of ROR2 may
suggest a poor prognosis.
Wnt5a is a member of the Wnt family that
has received major interest in recent years. The
Wnt5a protein is involved in many physiological
and pathological processes, such as embryonic
development, inflammation and tumor development.
It plays an important role in polarity, orientation,
deformation of the cell cytoskeleton and a variety
of malignant processes in tumor cells. Abnormal
expression of the Wnt5a protein can be observed
in a variety of epithelial and mesenchymal tumors.
Different experimental studies have arrived at opposite
conclusions regarding whether Wnt5a is a carcinogen
or a suppressor of tumor development. Wnt5a is downregulated and plays a suppressor role in colorectal
[14]
[15]
[16]
cancer , neuroblastoma
and leukemia . Downregulation of Wnt5a is positively correlated with the
stage of a tumor and is an independent prognostic
factor in the various tumor subtypes. In cutaneous
[17]
[18]
[19]
melanoma , breast cancer cells , gastric cancer ,
[20]
[21]
non-small cell lung cancer
and prostate cancer ,
Wnt5a is over-expressed and affects the migration and
invasiveness of the tumor, showing the characteristics of
an oncogene.
No study addressing the expression levels of ROR2
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MATERIALS AND METHODS
Clinical and pathological data

Surgical resection specimens from a total of 46 cases
of gallbladder SC/ASC were collected from January
1995 to December 2009, accounting for 4.34% of all
gallbladder cancer cases recorded in the same period
of time (46/1060). The specimen sources included 16
patients from the Second Xiangya Hospital of Central
South University (16/370, 4.32%), 14 from Xiangya
Hospital (18/325, 4.31%), 5 from the Third Xiangya
Hospital (5/110, 4.55%), 4 from the Hunan Provincial
Tumor Hospital (4/100, 4.00%), 5 from the Hunan
Provincial People’s Hospital (5/105, 4.76%), and 1
from each of the Central Hospital of Changde and the
Central Hospital of Loudi (2/50, 4.00%). Among the
46 cases of SC/ASC, 19 patients were males (41.3%)
and 27 patients were females (58.7%). These subjects
showed an age range of 35-82 years, with a mean of
55.8 ± 9.6 years, including 3 patients ≤ 45 years of
age (6.5%) and 43 patients > 45 years of age (93.5%).
The pathological types included 26 cases of
SC (56.5%) and 20 cases of ASC (43.5%). The
differentiation among the subjects (judged by the
differentiation of SC) included 16 cases of highly
differentiated SC (34.8%), 24 cases of moderately
differentiated SC (52.2%), and 6 cases of poorly
differentiated SC (13.0%). The maximal diameter of
the mass was ≤ 3 cm in 20 cases (43.5%) and >
3 cm in 26 cases (56.5%). Gallbladder stones were
found in 28 cases (60.9%); regional lymph node
metastasis was confirmed through intraoperative and
(or) pathologic examination in 29 cases (63.0%) and
tumor invasion of the surrounding tissues and organs
outside the gallbladder was intraoperatively observed
in 30 cases (65.2%). The TNM staging included 5
cases in stage Ⅰ (10.9%), 7 in stage Ⅱ (15.2%),
17 in stage Ⅲ (43.5%) and 14 in stage Ⅳ (30.4%).
The applied surgical procedures comprised 14 cases
of radical resection (30.4%), 18 cases of palliative
resection (39.1%) and 14 cases of biopsy alone with
no tumor excision (30.4%).
Additionally, surgical specimens from 80 cases of
gallbladder AC were collected from the Second Xiangya
Hospital and the Central Hospital of Loudi from January
2000 to December 2009 for a comparative analysis.
Among the 80 cases of AC, 26 patients were males
(32.5%) and 54 patients were females (67.5%). The
ages of the subjects ranged from 33-80 years, with
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a mean of 53.8 ± 9.9 years, including 16 subjects of
≤ 45 years (20.0%) and 64 subjects of > 45 years
(80.0%).
The differentiation among this group included 27
cases of highly differentiated carcinoma (33.8%), 25
cases of moderately differentiated carcinoma (33.1%),
and 28 cases of poorly differentiated carcinoma
(35.0%). The maximal diameter of the mass was
≤ 3 cm in 50 cases (62.5%) and > 3 cm in 30
cases (37.5%). Gallbladder stones were found in 38
cases (47.5%); regional lymph node metastasis was
confirmed through intraoperative and (or) pathologic
examination in 50 cases (62.5%); tumor invasion of
surrounding tissues and organs outside the gallbladder
was intraoperatively observed in 49 cases (61.3%).
The TNM staging included 8 cases in stage Ⅰ (10%),
13 in stage Ⅱ (16.3%), 38 in stage Ⅲ (47.5%) and 21
in stage Ⅳ (26.3%). The applied surgical procedures
comprised 26 cases of radical resection (32.5%), 28
cases of palliative resection (35.0%) and 26 cases of
biopsy only with no tumor excision (32.5%).
Through mail or telephone interviews, follow-up
information was obtained for the 46 cases of SC/ASC
and the 80 cases of AC patients, over a follow-up
period of 2 years. Among the 46 SC/ASC patients,
postoperative survival was ≥ 1 year in 13 cases
(4 patients survived over 2 years) and < 1 year in
33 cases, with an average survival time of 10.07 ±
0.78 mo. Among the 80 AC patients, postoperative
survival was ≥ 1 year in 23 cases (9 patients
survived over 2 years) and < 1 year in 57 cases, with
an average survival time of 10.34 ± 0.63 mo. The
above gallbladder SC/ASC and AC surgical resection
specimens were fixed in 4% formalin for 24 h to
prepare conventional paraffin-embedded sections, at a
slice thickness of 4 µm.

indicated ROR2- and WNT5a-positive cells. The rate of
positive cells was observed by examining 400 tumor
cells in 10 random fields of a section under a microscope
at a high magnification. A patient showing an average
rate of positive cells ≥ 25% was considered a positive
case, while an average rate < 25% was considered
[22-24]
a negative case
. A positive section provided by
Beijing Zhongshan Biotechnology Corp (Beijing, China)
was used as the positive control, while replacement of
the primary antibody with 5% fetal bovine serum was
employed as the negative control.

Statistical analysis

All of the experimental data were input into the
SPSS13.0 statistical software package (IBM Corp,
Armonk, NY, United States). The relationships
between the expression of ROR2 and WNT5a and the
histological and clinical factors were investigated with
the χ 2 test or Fisher’s exact test. The Kaplan-Meier
method was applied for univariate survival analysis
and log-rank testing. The Cox proportional risk model
was utilized to perform multivariate analysis and to
determine the 95%CI with the normal approximation
test (Wald’s test). A probability level of P < 0.05 was
considered significant.

RESULTS
Comparison of the clinicopathological characteristics
of gallbladder SC/ASC and AC with the expression of
ROR2 and WNT5a

As shown in Table 1, the proportion of poorly dif
ferentiated adenocarcinomas among the AC patients
aged > 45 years was significantly higher than among
the SC/ASC patients (P < 0.05), while the proportion
of tumors with a maximal diameter > 3 cm among the
patients in the SC/ASC group was significantly higher
than in the AC group (P < 0.05). The sex, existence
of gallstones, TNM stage, occurrence of lymph node
metastasis, invasion of the surrounding tissues and
organs, applied surgical procedure, and the average
survival of the SC/ASC patients showed no significant
difference compared with the AC patients (P > 0.05).
The Brain-derived neurotrophic factor and bone
morphogenetic protein receptor type 1A immuno
histochemical reaction products were mainly located
in the cytoplasm, with occasional nuclear staining
observed (Figures 1 and 2). Among the 46 cases
of SC/ASC, ROR2 and WNT5a were positively
expressed in 26 cases (56.5%) and 29 cases (63.0%),
respectively (judged by positive expression of SC,
while a case showing positive expression of AC and
negative expression of SC was considered to exhibit
negative expression). Among the 80 AC cases, ROR2
and WNT5a were positively expressed in 51 (63.8%)
and 49 (61.3%) cases. The positive expression rates
of ROR2 and WNT5a among the SC/ASC patients
showed no significant difference compared with the AC

Main reagents

Rabbit anti-human ROR2 and WNT5a polyclonal
antibodies were purchased from Abgent Company (San
TM
Diego, CA, United States). The EnVision Detection Kit
was obtained from Dao Laboratories (Carpinteria, CA,
United States).

Methods

The EnVision immunohistochemical method was applied
for ROR2 and WNT5a staining, in strict accordance
with the operation manual for the reagents. The main
procedures were as follows: the slices were dewaxed
and washed → treated with 3% H2O2 in methanol for
10 min → treated with trypsin for 15 min → treated
with the primary antibody added dropwise, with
incubation at 37 ℃ for 60 min → treated with solution
A added dropwise, with incubation at 37 ℃ for 30
min → developed with the chromogenic regent for 15
min → lightly stained with hematoxylin for 1 min →
dehydrated and transparentized, followed by mounting
with neutral resin. Brown particles in the cytoplasm
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Table 1 Comparison of the clinicopathologic characteristics
of gallbladder squamous/adenosquamous carcinomas
and adenocarcinomas with the expression of ROR2 and
WNT5a n (%)
Clinicopathologic
characteristic
Sex
Male
Female
Age, yr
≤ 45
> 45
Degree of differentiation
High
Moderate
Poor
Maximal diameter of the
mass, cm
≤3
>3
Gallstones
No
Yes
TNM stage
Ⅰ+Ⅱ
Ⅲ
Ⅳ
Lymph node metastasis
No
Yes
Invasion of the
surrounding tissue
No
Yes
Surgical procedure
Radical
Palliative
Unresected
Average survival time
ROR2
+
WNT5a
+

SC/ASC,
n = 46

AC,
n = 80

χ2

P value

19 (41.3)
27 (58.7)

26 (32.5)
54 (67.5)

0.986

0.352

3 (6.5)
43 (93.5)

16 (20.0)
64 (80.0)

4.143

0.042

16 (34.8)
24 (52.2)
6 (13.0)

27 (33.8)
25 (31.3)
28 (35.0)

8.515

0.014

20 (43.5)
26 (56.5)

50 (62.5)
30 (37.5)

4.280

18 (39.1)
28 (60.9)

42 (52.5)
38 (47.5)

2.093

12 (26.1)
20 (33.5)
14 (30.4)

21 (26.3)
38 (47.5)
21 (26.3)

0.287

17 (37.0)
29 (63.0)

30 (37.5)
50 (62.5)

0.004

16 (34.8)
30 (62.5)

31 (38.8)
49 (61.3)

0.197

0.658

14 (30.4)
18 (39.1)
14 (30.4)
10.07 (4-25)

26 (32.5)
28 (35.0)
26 (32.5)
10.34 (3-27)

0.215

0.898

0.014

0.906

20 (43.5)
26 (56.5)

29 (36.2)
51 (63.8)

0.642

0.386

17 (37.0)
29 (63.0)

31 (38.7)
49 (61.3)

0.040

0.858

Table 2 Relationship of ROR2 and WNT5a expression with
the clinicopathologic characteristics of gallbladder squamous/
adenosquamous carcinoma n (%)
Pathologic
characteristic

Pathological type
Squamous
26
16 (61.5)
carcinoma
Adenosquamous
20
10 (50.0)
carcinoma
Differentiation
High
16
5 (31.3)
Moderate
24
15 (62.5)
Poor
6
6 (100.0)
Maximal diameter of the mass in cm
≤3
20
7 (35.0)
≥3
26
19 (73.1)
Gallstones
No
18
11 (61.1)
Yes
28
15 (53.6)
TNM stage
12
4 (33.3)
Ⅰ+Ⅱ
20
10 (50.0)
Ⅲ
14
12 (85.7)
Ⅳ
Lymph node metastasis
No
17
5 (29.4)
Yes
29
21 (72.4)
Invasion of the surrounding tissue
No
16
5 (31.3)
Yes
30
21 (70.0)
Surgical procedure
Radical
14
4 (28.6)
Palliative
18
11 (61.1)
Unresected
14
11 (78.6)

0.039

0.148

0.866

0.952

0.612 0.434 17 (65.4) 0.141 0.708
12 (60.0)

9.123 0.010

8 (50.0) 1.827 0.401
17 (70.8)
4 (66.7)

6.669 0.010

9 (45.0) 4.945 0.026
20 (76.9)

0.253 0.615 12 (66.7) 0.167 0.683
17 (60.7)
4 (33.3)
7.824 0.023 14 (70.0) 6.411 0.041
11 (78.6)
8.065 0.005

7 (41.2) 6.720 0.010
22 (75.9)

6.376 0.011

7 (43.8) 3.920 0.048
22 (73.3)

7.374 0.022

5 (35.7) 77.677 0.019
12 (66.7)
12 (85.7)

(P < 0.05). The expression of ROR2 and WNT5a was
not significantly related to the sex, age, pathological
type, or existence of gallstones among the patients (P
> 0.05). The detailed data are shown in Table 2.

Relationship of ROR2 and WNT5a expression with the
clinicopathological characteristics of gallbladder AC

The positive expression rates of ROR2 and WNT5a
in the patients with high differentiation, a maximal
diameter of the mass ≤ 3 cm, a TNM stage of Ⅰ +
Ⅱ, no lymph node metastasis, no invasion in the
surrounding tissues and organs, and radical resection
were significantly lower than in the patients with low
differentiation, a maximal diameter of the mass >
3 cm, a TNM stage of Ⅳ, lymph node metastasis,
invasion in the surrounding tissues and organs, and
no resection (P < 0.05 or P < 0.01). The expression of
ROR2 and WNT5a was not significantly related to the
sex, age, or existence of gallstones in the AC patients (P
> 0.05). The detailed data are shown in Table 3.

AC: Adenocarcinoma; SC/ASC: Squamous/adenosquamous carcinoma.

patients (P > 0.05).

Relationship of ROR2 and WNT5a expression with the
clinicopathological characteristics of gallbladder SC/
ASC

The positive expression rates of ROR2 and WNT5a
in the patients showing a maximal diameter of the
mass ≤ 3 cm, a TNM stage of Ⅰ + Ⅱ, no lymph node
metastasis, no invasion in the surrounding tissues
and organs, and radical resection were significantly
lower than in the patients with a maximal diameter
of the mass > 3 cm, a TNM stage of Ⅳ, lymph node
metastasis, invasion in the surrounding tissues and
organs, and no resection (P < 0.05 or P < 0.01). The
positive expression rate of WNT5a in the patients with
highly differentiated SC/ASC was significantly lower
than in the patients with poorly differentiated SC/ASC
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Number
ROR2
WNT5a
2
of cases Positive χ 2
P
Positive χ
P
cases
value cases
value

Relationship of the clinicopathological parameters and
WNT5a, ROR2 expression with the average survival of
SC/ASC patients

Through mail or telephone interviews, follow-up
information was obtained for 46 of the SC/ASC
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A

B

C

D

Figure 1 EnVision immunohistochemical staining of squamous carcinoma and adenosquamous carcinoma. A: Positive expression of ROR2 in moderately
differentiated squamous carcinoma (SC); B: Negative expression of ROR2 in moderately differentiated SC; C: Positive expression of WNT5a in moderately
differentiated adenosquamous carcinoma (ASC); D: Negative expression of WNT5a in poorly differentiated ASC. Microscopic view at × 200.

A

B

C

D

Figure 2 EnVision immunohistochemical staining for adenocarcinoma. A: Positive expression of ROR2 in highly differentiated adenocarcinoma (AC); B:
Negative expression of ROR2 in highly differentiated AC; C: Positive expression of WNT5a in highly differentiated AC; D: Negative expression of WNT5a in poorly
differentiated AC. A and C: × 200; B and D: × 400.
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Table 3 Relationship of ROR2 and WNT5a expression
with the clinicopathologic characteristics of gallbladder
adenocarcinomas n (%)

Table 4 Relationship of squamous/adenosquamous carci
noma clinicopathological parameters and ROR2 and WNT5a
expression with average survival

Pathologic
characteristic

Grouping

Number
ROR2
of cases Positive
χ2
cases

Differentiation
High
27
12 (44.0) 10.352
Moderate
25
15 (60.0)
Poor
28
24 (85.7)
Maximal diameter of the mass in cm
≤3
50
26 (52.0) 7.966
>3
30
25 (83.3)
Gallstones
No
42
26 (61.9) 0.13
Yes
38
25 (65.8)
TNM stage
21
7 (33.3)
Ⅰ+Ⅱ
38
25 (65.8) 14.968
Ⅲ
21
19 (90.5)
Ⅳ
Lymph node metastasis
No
30
12 (40.0) 11.716
Yes
50
39 (78.0)
Invasion of the surrounding tissue
No
31
13 (41.9) 10.422
Yes
49
38 (77.6)
Surgical procedure
Radical
26
10 (38.5) 12.296
Palliative
28
19 (67.9)
Unresected
26
22 (84.6)

WNT5a

P

Positive
value cases

χ

2

P
value

Sex
Male
19
Female
27
Age, yr
≤ 45
3
> 45
43
Pathological type
Squamous carcinoma
26
Adenosquamous
20
carcinoma
Degree of differentiation
High
16
Moderate
24
Poor
6
Maximal diameter of the mass, cm
≤3
20
>3
26
Gallstones
No
18
Yes
28
TNM stage
12
Ⅰ+Ⅱ
20
Ⅲ
14
Ⅳ
Lymph node metastasis
No
17
Yes
29
Invasion of the surrounding tissue
No
16
Yes
30
Surgical procedure
Radical
14
Palliative
18
Unresected
14
ROR2
20
+
26
WNT5a
17
+
29

0.002 11 (40.7) 8.404 0.015
16 (64.0)
22 (78.6)
0.004 26 (52.0) 4.807 0.029
23 (76.7)
0.718 26 (61.9) 0.016 0.899
23 (60.5)

0

7 (33.3)
24 (63.2) 12.248 0.002
18 (85.7)

0.001 12 (40.0) 9.132 0.003
37 (74.0)
0.002 12 (38.7) 10.834 0.001
37 (75.5)
0.002 10 (38.5) 11.68 0.003
17 (60.7)
22 (84.6)

patients, over a follow-up period of 2 years. The 2-year
survivors were included in the statistical analysis as
censored cases. Among the 46 SC/ASC patients,
postoperative survival was ≥ 1 year in 13 cases (4
patients survived for over 2 years) and < 1 year in
33 cases, with an average survival time of 10.07 ±
0.78 mo. The results of the Kaplan-Meier survival
analysis showed that the degree of differentiation,
maximal diameter of the mass, TNM stage, lymph
node metastasis, invasion of the surrounding tissues,
and applied surgical procedure were closely related to
the average survival of the patients with gallbladder
SC/ASC (P < 0.05 or P < 0.01). The survival of the
patients with positive expression of ROR2 and WNT5a
was significantly shorter compared with the patients
with negative expression (P = 0.000, P = 0.001), as
shown in Table 4 and in the survival curves in Figure 3.
The Cox multivariate analysis showed that poor
differentiation, a maximal diameter of the mass ≥ 3
cm, a TNM stage of Ⅲ or Ⅳ, the occurrence of lymph
node metastasis, invasion of the surrounding tissues
and organs, and unresected surgery were negatively
correlated with the postoperative survival rate and
positively correlated with mortality, which are risk
factors and independent prognostic predictors. Positive
expression of ROR2 or WNT5a was negatively correlated
with the postoperative survival rate and positively
correlated with mortality, which are the risk factors and
independent prognostic predictors (Table 5).
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Number of
Average
cases, n
survival in mo

χ2

P value

10.74 (6-24)
9.85 (4-24)

0.767

0.381

15.67 (8-24)
9.84 (4-25)

2.023

0.155

10.19 (4-24)
10.25 (4-24)

0.223

0.637

13.81 (5-24)
8.92 (4-18)
5.83 (4-9)

19.125

0.000

14.35 (7-24)
7.04 (4-11)

31.337

0.000

8.22 (4-12)
11.50 (4-24)

3.730

0.053

17.00 (9-24)
9.20 (7-15)
5.86 (4-8)

51.139

0.000

14.24 (4-24)
7.86 (4-15)

16.219

0.000

15.75 (9-24)
7.27 (4-12)

32.271

0.000

16.64 (10-24)
8.50 (6-12)
6.00 (4-8)

50.165

0.000

13.65 (6-24)
7.58 (4-15)

16.502

0.000

13.77 (6-24)
8.14 (4-15)

10.844

0.001

Relationship of the clinicopathological parameters and
WNT5a, ROR2 expression with the average survival of
AC patients

Through mail or telephone interviews, follow-up infor
mation was obtained for 80 of the SC/ASC patients,
over a follow-up period of 2 years. The 2-year survivors
were included in the statistical analysis as censored
cases. Among the 80 AC patients, postoperative
survival was ≥ 1 year in 23 cases (9 patients survived
for over 2 years) and < 1 year in 57 cases, with an
average survival time of 10.34 ± 0.63 mo. The results
of the Kaplan-Meier survival analysis showed that the
degree of differentiation, maximal diameter of the
mass, TNM stage, lymph node metastasis, invasion of
the surrounding tissues, and applied surgical procedure
were closely related to the average survival of the
patients with gallbladder AC (P = 0.000). Survival
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Table 5 Multivariate Cox regression analysis for survival of patients with gallbladder squamous/adenosquamous carcinoma
Grouping

Factor

Pathological type
Degree of differentiation
Maximal diameter of the mass, cm
Gallstones
TNM stage
Lymph node metastasis
Invasion of the surrounding tissue
Surgical procedure
ROR2
WNT5a

B

SC/ASC
High/Moderate/Poor
≤ 3/> 3
No/Yes
Ⅰ + Ⅱ/Ⅲ/Ⅳ
No/Yes
No/Yes
Radical/Palliative/Unresected
-/+
-/+

SE

0.094
0.833
2.374
0.641
1.362
1.792
2.648
1.104
1.623
1.231

P value

Wald

0.346
0.369
0.743
0.420
0.476
0.564
0.782
0.481
0.674
0.489

0.074
5.096
10.209
2.329
8.187
10.095
11.466
5.268
5.799
6.337

0.786
0.024
0.001
0.127
0.004
0.001
0.001
0.022
0.016
0.012

RR

95%CI

1.099
2.300
10.740
1.898
3.904
6.011
14.126
3.016
5.068
3.425

Lower

Upper

0.558
1.116
2.504
0.833
1.536
1.987
3.050
1.175
1.353
1.313

2.164
4.741
46.075
4.324
9.924
18.128
65.413
7.743
18.992
8.930

SC/ASC: Squamous/adenosquamous carcinoma.

A

Table 6 Relationship of the adenocarcinomas’ clinicopathological
parameters and ROR2 and WNT5a expression with average
survival

Sex
Male
26
Female
54
Age, yr
≤ 45
16
> 45
64
Degree of differentiation
High
27
Moderate
25
Poor
28
Maximal diameter of the mass, cm
≤3
50
>3
30
Gallstones
No
42
Yes
38
TNM stage
21
Ⅰ+Ⅱ
38
Ⅲ
21
Ⅳ
Lymph node metastasis
No
30
Yes
50
Invasion of the surrounding tissue
No
31
Yes
49
Surgical procedure
Radical
26
Palliative
28
Unresected
26
ROR2
29
+
51
WNT5a
31
+
49

χ2

P value

9.58 (3-24)
11.30 (3-24)

2.567

0.109

10.81 (4-24)
10.72 (3-24)

0.003

0.956

15.07 (5-24)
10.60 (4-24)
6.68 (3-14)

32.501

0.000

13.70 (6-24)
5.80 (3-10)

68.283

0.000

10.19 (3-24)
11.34 (4-24)

0.246

0.620

18.96 (5-24)
9.29 (6-15)
5.14 (3-7)

105.825

0.000

16.27 (4-24)
7.42 (3-14)

42.372

0.000

16.68 (7-24)
6.98 (3-11)

55.535

0.000

18.31 (10-24) 113.141
8.64 (6-11)
5.42 (3-9)

0.000

15.93 (6-24)
7.78 (3-19)

32.994

0.000

15.48 (4-24)
7.74 (3-18)

31.654

0.002

Survival

Number of
Average
cases, n
survival in mo

0.8
0.6
0.4
0.2
0.0
0

B

10
15
Month of follow-up

20

25

- WNT5a
+ WNT5a

1.0

0.6
0.4
0.2
0.0
0

  5

10
15
Month of follow-up

20

25

Figure 3 Survival curves for squamous/adenosquamous carcinoma.
A: Positive and negative expression of ROR2 in squamous/adenosquamous
carcinoma (SC/ASC); B: Positive and negative expression of WNT5a in SC/ASC.

differentiation, a maximal diameter of the mass ≥ 3
cm, a TNM stage of Ⅲ or Ⅳ, the occurrence of lymph
node metastasis, the invasion of the surrounding
tissues and organs, and unresected surgery were
negatively correlated with the postoperative survival
rate and positively correlated with mortality, which are
risk factors and independent prognostic predictors. The
positive expression of ROR2 or WNT5a was negatively
correlated with the postoperative survival rate and
positively correlated with mortality, which are risk
factors and independent prognostic predictors (Table 7).

of the patients with positive expression of ROR2 and
WNT5a was significantly shorter compared with the
patients with negative expression (P = 0.000), as
shown in Table 6 and in the survival curves in Figure 4.
The Cox multivariate analysis showed that poor
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- ROR2
+ ROR2

1.0

B

0.8

0.6

0.6

0.4
0.2

- WNT5a
+ WNT5a

1.0

0.8

Survival

Survival

A

0.4
0.2

0.0

0.0
0

  5

10
15
Month of follow-up

20

25

0

  5

10
15
Month of follow-up

20

25

Figure 4 Survival curves for adenocarcinoma. A: Positive and negative expression of ROR2 in AC; B: Positive and negative expression of WNT5a in AC.

Table 7 Multivariate Cox regression analysis for survival of patients with gallbladder adenocarcinomas
Grouping

Factor

Degree of differentiation
Maximal diameter of the mass, cm
Gallstones
TNM stage
Lymph node metastasis
Invasion of the surrounding tissue
Surgical procedure
ROR2
WNT5a

High/Moderate/Poor
≤ 3/> 3
No/Yes
Ⅰ + Ⅱ/Ⅲ/Ⅳ
No/Yes
No/Yes
Radical/Palliative/
Unresected
-/+
-/+

B

SE

P value

RR

95%CI
Lower

Upper

1.097
0.985
0.412
1.396
1.351
1.644
1.737

0.496
0.463
0.381
0.459
0.465
0.583
0.531

4.982
4.526
1.169
9.250
8.441
7.952
10.701

0.027
0.033
0.280
0.002
0.004
0.005
0.001

2.995
2.678
1.510
4.039
3.861
5.176
5.680

1.133
1.081
0.716
1.643
1.552
1.651
2.006

7.918
6.636
3.186
9.931
9.606
16.227
16.083

2.023
1.931

0.674
0.649

9.009
8.853

0.003
0.003

7.561
6.896

2.018
1.933

28.333
24.607

manifest as a giant lump and are prone to direct
invasion of the surrounding organs, with little meta
stasis being observed in the lymph nodes and distant
[1-6,25]
organs
.
The data from this study showed that the pro
portion of SC/ASC cases displaying a maximal
diameter of the mass > 3 cm (56.5%) was significantly
higher than for the AC cases (37.5%), while the
incidence of lymph node metastasis and invasion of the
surrounding tissues and organs was not significantly
different between these groups. The prognosis of
gallbladder SC/ASC and AC was very poor. All of the
patients of TNM stage of Ⅲ or above died within 2.5
years after surgery, with 5-year survival rates of less
than 4% being observed, while the 5-year survival
of the patients presenting TNM stage Ⅰ was > 60%.
Therefore, early diagnosis is particularly important.
The data from this study showed that the average
postoperative survival of the SC/ASC patients was
10.07 ± 0.78 mo, similar to that of the AC patients
(10.34 ± 0.63 mo). Only 4 SC/ASC patients and 9 AC
patients in TNM stage Ⅰ + Ⅱ survived for over 2 years,
demonstrating the poor prognosis of both SC/ASC and
AC. Similar to AC, the main treatment for SC/ASC is
[1-6,25]
surgery, but the rate of radical resection is low
. In
this study, the radical resection rate among the 46 SC/
ASC cases was 30.4%, similar to that for AC (32.5%).
The survival time of the patients in the radical

DISCUSSION
Gallbladder cancer is not common in the digestive
system, and AC accounts for > 85% of all gallbladder
cancers. Most ACs are highly or moderately differ
entiated, with few poorly differentiated cases being
[22]
observed . SC and ASC are rare subtypes of gal
lbladder cancer, showing a combined incidence rate
of 1.4%-10.4% among all gallbladder cancers. Of the
1060 cases of gallbladder cancer examined in this
study, 46 (4.34%) were SC/ASC, which is consistent
[1,2]
with the data reported in most of the literature .
SC/ASC shares similar clinical manifestations
with AC, including an insidious onset and lack of
specific clinical manifestations in the early stage, or
only symptoms of chronic cholecystitis; hence, early
diagnosis is very difficult. If a patient experiences
persistent upper abdominal pain, mass and jaun
dice, the disease has progressed to the late stage,
with abnormal results being obtained in various
[1-6,22]
examinations
. The data evaluated in this study
showed that 73.8% the SC/ASC cases were in TNM
stage Ⅲ or Ⅳ, similar to the percentage for AC
(73.8%). According to most of the available literature,
the proliferation of SC is stronger than that of AC,
associated with high malignancy. The prognosis of
SC/ASC is poor compared with AC, but its metastasis
potential is low. Therefore, most gallbladder SCs
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between cells during the growth and differentiation
of cells[27,28]. Wnt5a can activate both the canonical
Wnt/-catenin pathway and the non-canonical Wnt/
2+
2+
Ca pathway. Additionally, the Wnt/Ca pathway
can interact with the canonical Wnt pathway to play
roles in cell differentiation, maturation and tumor
[22,23]
development
. The main biological function of
Wnt5a is related to the development and maturation
of normal tissues and organs.
Wnt5a is closely associated with a variety of
malignant tumors, but the existing reports indicate
that the biological effects of Wnt5a are not consistent
in different malignancies. Thus, there is significant
disagreement in the understanding of the roles of
Wnt5a, and some studies have suggested that Wnt5a
presents the characteristics of an oncogene. The
existing evidence indicates that sustained expression
or over-expression of Wnt5a plays an important role in
the onset of cancer, through affecting the proliferation,
differentiation, invasion and metastasis of tumor cells.
For example, Wnt5a is over-expressed and influences
the migration and invasion of tumors in cutaneous
[17]
[18]
[19]
melanoma , breast cancer cells , gastric cancer ,
[20]
[21]
non-small cell lung cancer
and prostate cancer ,
exhibiting the characteristics of an oncogene. Further
studies revealed that malignant tumors exhibiting high
expression of Wnt5a are often poorly differentiated,
in a late clinical stage and prone to metastasis with
strong invasiveness. Wnt5a is considered to be
an important biological indicator for assessing the
prognosis of patients with malignant tumors, and high
expression of Wnt5a suggests a poor prognosis.
Wnt5a may display the characteristics of a tumor
suppressor gene. It can act as a tumor suppressor to
partially reduce or delay the occurrence and metastasis
of a malignant tumor. Iozzo et al[24] found that Wnt5a
was up-regulated in most malignant tumors but was
down-regulated in pancreatic cancer, indicating that the
roles of Wnt5a in tumors are not fully consistent. Liang
[25]
et al observed that a lack of Wnt5a readily led to the
occurrence of human hematopoietic malignancies and
that Wnt5a could act as a tumor suppressor to inhibit
the proliferation of B cells and tumorigenesis; therefore,
Wnt5a is a potential therapeutic target for human
acute lymphoblastic leukemia and myeloid leukemia. In
addition, Wnt5a plays the role of suppressor in colorectal
[14]
[15]
[16]
cancer , neuroblastoma
and leukemia , where
its expression is down-regulated. Thus, considerable
controversy remains regarding the biological role of
Wnt5a in different tumors.
No study addressing the expression levels of ROR2
and Wnt5a in gallbladder SC/ASC and AC tissues
has previously been reported in the literature. The
results of the present study showed that the positive
expression rates of ROR2 and WNT5a were not
significantly different between SC/ASC and AC tissues
(P > 0.05). While the positive expression rates of
Wnt were not significantly different between highly
differentiated SC/AS and poorly differentiated SC/AS

resection group was significantly longer than in the
palliative resection group and the no resection group;
therefore, extended radical surgery may improve the
prognosis of the patients.
SC/ASC and AC are not sensitive to chemotherapy,
but radiation therapy may have an effect on SC/
ASC patients, as reported in the literature, though
determination of the specific outcome awaits further
observations and the accumulation of relevant data[1-6].
In summary, the results of this study suggest that the
clinical manifestations, biological behavior, treatment
and postoperative prognosis of SC/ASC are similar
to those of AC, with no obvious differences being
observed.
The ROR family of receptors belongs to a class
of orphan receptors among the receptor tyrosine
kinases, which are highly evolutionarily conserved. In
mammals, the ROR family consists of two structurally
related proteins, ROR1 and ROR2. ROR2 plays an
important role in the development of the nervous
system and limbs. It has been reported that ROR2
can bind to Wnt5a, CKI and other factors involved in
the regulation of canonical and non-canonical Wnt
signaling pathways, but the relationship between
ROR2 and tumor cell migration remains unclear[24].
The structure of the ROR2 protein includes
three important domains: a cytoplasmic domain,
a transmembrane domain and an extracellular
[25]
domain ; it has also been shown that ROR2 exhibits
[26]
a Wnt receptor domain-like structure . Binding of
ROR2 with Wnt5a can trigger a signaling pathway
mediated by ROR2, and the Wnt5a protein may
have an antagonistic effect on the canonical Wnt
signaling pathway via this pathway. However, when
the receptors of Frizzled4 and LRPS are expressed on
the cell surface, the effect of Wnt5a and ROR2 binding
is significantly reduced or lost, and the difference in
the degree of binding can reflect the activation of the
canonical Wnt signal transduction pathway.
The functions of ROR2 and Wnt5a suggest that
Wnt5a may play different roles in different tumors.
To date, only a few studies examining ROR2 in
relation to the occurrence and development of
human tumors have been reported. As mentioned
above, expression of ROR2 is closely associated
with the biological behavior as well as the clinical
manifestations of various malignant tumors, including
digestive tract cancer[9-11,12], breast cancer[11], and
[13]
medulloblastoma . Further studies suggested that
high expression of ROR2 is often founded in poorly
differentiated malignancies in a late clinical stage
with strong invasiveness, which is consistent with
our results. Therefore, ROR2 is a significant potential
biological marker for evaluating the prognosis of the
patients with malignant tumors, and high expression
of ROR2 may suggest a poor prognosis.
The Wnt5a gene is located on chromosome
3p14.2-p21.1 and encodes a growth factor rich in
cysteine, which is involved in signaling transduction
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adenocarcinomas (AC). The results showed that ROR2 and WNT5a expression
are negatively correlated with postoperative survival rate and positively
correlated with mortality.

(P > 0.05), the positive expression rates of ROR2
and WNT5a in the SC/ASC or AC patients with high
differentiation, a maximal diameter of the mass ≤ 3
cm, a TNM stage of Ⅰ + Ⅱ, no lymph node metastasis,
no invasion in the surrounding tissues and organs, and
radical resection were significantly lower than in the
patients with a maximal diameter of the mass > 3 cm,
a TNM stage of Ⅳ, lymph node metastasis, invasion in
the surrounding tissues and organs, and no resection (P
< 0.05 or P < 0.01).
The results of the Kaplan-Meier survival analysis
showed that the degree of differentiation, maximal
diameter of the mass, TNM stage, lymph node
metastasis, invasion of the surrounding tissues, and
applied surgical procedure were closely related to
the average survival of the patients with gallbladder
SC/ASC or AC (P < 0.05 or P < 0.01). Survival of the
patients presenting positive expression of ROR2 and
WNT5a was significantly shorter compared with the
patients presenting negative expression results (P <
0.01). Cox multivariate analysis revealed that poor
differentiation, a maximal diameter of the mass ≥ 3
cm, a TNM stage of Ⅲ or Ⅳ, the occurrence of lymph
node metastasis, invasion of the surrounding tissues
and organs, and unresected surgery were negatively
correlated with the postoperative survival rate of the
patients and positively correlated with mortality, which
are risk factors and independent prognostic predictors.
Our experimental results are consistent with
reported findings regarding the expression levels of
ROR2 and Wnt5a in other epithelial malignancies
from researchers from other countries, suggesting
that ROR2 and Wnt5a play an important role in the
occurrence, progression, biological behavior and
prognosis of gallbladder SC/ASC and AC. Gallbladder
SC/ASC and AC cases showing high expression of
ROR2 and Wnt5a are highly malignant, exhibit rapid
progression, and are prone to regional lymph node
metastasis with strong invasiveness. Thus, ROR2 and
Wnt5a are both important biological markers reflecting
the prognosis of patients with gallbladder SC/ASC and
AC. Considering the findings presented in the relevant
literature, detection of the expression levels of ROR2
and (or) Wnt5a in benign gallbladder lesions may
have important clinical pathological significance in the
prevention and early diagnosis of gallbladder cancer.
Further research on this topic is awaited.

Research frontiers

Tumor markers have had an increasing significance in the diagnosis and
evaluation of GBC. Previous studies found that CA242, CA15-3, CA19-9 and
CA125 are fairly good markers for discriminating patients of carcinoma of
the gallbladder from cholelithiasis. Combined CA242 and CA125 detection
achieved the best sensitivity and specificity. Serum markers seem to be less
sensitive when used individually in carcinomas of the gallbladder but may prove
useful in combination. However, the ideal biological markers for the diagnosis,
prognosis and targeted therapy of GBCs have not been established.

Innovations and breakthroughs

This is the first report investigating ROR2 and WNT5a expression in clinical
samples from two different types of gallbladder cancer (SC/ASC and AC)
using the EnVision immunohistochemical staining technique, and reveals their
correlation with clinicopathologic characteristics in both types of gallbladder
cancer.

Applications

The expression and clinicopathological significance of ROR2 and Wnt5a could
be applied to the prevention and early diagnosis of gallbladder cancer in benign
gallbladder lesions. The combined detection of ROR2 and WNT5a as biological
markers might increase sensitivity for the diagnosis and prognosis of GBC.

Terminology

SC/ASC and AC are two major types of gallbladder cancer with slightly different
clinicopathologic characteristics. Squamous carcinoma shows slight differences
from adenocarcinoma gallbladder cancer with an advanced T stage but less
common nodal involvement and distant metastasis (Kalayarasan et al, Am J
Surg 2013; 206: 380-385).

Peer-review

The paper is significant hence it studies a rare type of tumor.
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Abstract

pathophysiology of hepatic injury and repair. Ongoing
research has revealed alterations in the levels and
expression of various adipokines in cirrhosis. Portal
vein thrombosis (PVT) has been considered to be a
complication of more advanced liver cirrhosis. The
data regarding novel adipokines in liver cirrhosis is
scare and ambiguous. The current study evaluated the
serum concentrations of omentin and vaspin in patients
with liver cirrhosis of different origins and stages with
and without PVT. The relationships of these measures
with disease severity and etiology, platelet activity,
hemostatic parameters and potential complications
were also assessed. The study included 51 patients
with cirrhosis of different etiologies (alcohol in 30
patients, hepatitis C virus infection in 15, autoimmune
hepatitis in 6). Seventeen these patients manifested
portal vein thrombosis confirmed by contrast-enhanced
computed tomography.

AIM
To investigate serum omentin and vaspin levels in
cirrhotic patients; and to assess the relationship of
these levels with hemostatic parameters, metabolic
abnormalities, cirrhosis severity and etiology.
METHODS
Fifty-one cirrhotic patients (17 with portal vein throm
bosis) were analyzed. Serum omentin and vaspin
levels were measured with commercially available
direct enzyme-linked immunosorbent assays (ELISAs).
To assess platelet activity, the following tests were
®
performed using a MULTIPLATE PLATELET FUNCTION
ANALYZER: (1) an ADP-induced platelet activation test;
(2) a cyclooxygenase dependent aggregation test (ASPI
test); (3) a von Willebrand factor and glycoprotein Ibdependent aggregation (using ristocetin) test (RISTO
test); and (4) a test for thrombin receptor-activating
peptide-6 induced activation of the thrombin receptor,
which is sensitive to Ⅱb/Ⅲa receptor antagonists.

KuklaM, Waluga M, Żorniak M, Berdowska A, Wosiewicz P,
Sawczyn T, Bułdak RJ, Ochman M, Ziora K, Krzemiński T,
Hartleb M. Serum omentin and vaspin levels in cirrhotic patients
with and without portal vein thrombosis. World J Gastroenterol
2017; 23(14): 2613-2624 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i14/2613.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2613

RESULTS
Omentin, but not vaspin, serum concentrations were
significantly decreased in patients with portal vein
thrombosis (PVT) (P = 0.01). Prothrombin levels were
significantly increased in patients with PVT (P = 0.01).
The thrombin receptor activating peptide (TRAP) test
results were significantly lower in the PVT group (P =
0.03). No significant differences in adipokines serum
levels were found regarding the etiology or severity of
liver cirrhosis assessed according to the Child-Pugh or
Model of End-Stage Liver Disease (MELD) scores. There
was a significant increase in the TRAP (P = 0.03), ASPI
(P = 0.001) and RISTO high-test (P = 0.02) results
in patients with lower MELD scores. Serum omentin
and vaspin levels were significantly down-regulated in
patients without insulin resistance (P = 0.03, P = 0.02,
respectively). A positive relationship between omentin
and vaspin levels were found both when all of the
patients were analyzed (r = 0.41, P = 0.01) and among
those with PVT (r = 0.94, P < 0.001).

INTRODUCTION
Liver cirrhosis is associated with progressive liver
impairment, leading to the development of numerous
complications, including portal hypertension and portal
[1]
vein thrombosis (PVT) . PVT is generally recognized
as rare in the general population, being primarily a
consequence of myeloproliferative diseases, genetic
or acquired thrombophilia or inflammation in the
[2]
abdominal cavity . However, PVT is a relatively common
complication of liver cirrhosis, with an estimated
[3,4]
frequency of 5%-28% . Excessive hepatic deposition
of fibrotic tissue contributes to intra-hepatic resistance,
an up-regulation of portal blood pressure and a reduc
[5]
tion in portal blood flow into the liver .
Adipokines are polypeptide hormones that are
primarily produced by adipocytes. Apart from fat cells,
adipose tissue is composed of stromal cells, including
macrophages, fibroblasts and infiltrating monocytes,
all of which may serve as an additional source of
[6]
adipokines . Accumulating data reveal disturbances
in the secretion of some adipokines in chronic liver
diseases (CLDs) and cirrhosis, leading to the complex
[7]
pathophysiology of hepatic injury and healing . Some
adipokines are also recognized to be active as profibrotic and pro-thrombotic agents. The best of these is
known leptin, receptors for which have been identified
in hepatic stellate cells and many types of vascular
cells, including sinusoidal endothelial cells (SECs),
[8-10]
macrophages (Kupffer cells) and platelets
. Another

CONCLUSION
Serum omentin levels are increased in patients without
PVT. Cirrhosis origin and grade do not affect omentin
and vaspin levels. The analyzed adipokines do not
influence platelet activity.
Key words: Omentin; Vaspin; Cirrhosis; Adipokine;
Portal vein thrombosis; Portal hypertension
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Accumulating data suggest that obesity
and insulin resistance are related to a more rapid
progression of chronic liver diseases, the development
of cirrhosis and its complications. Some adipokines
have been suggested to contribute to the complicated
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adipokine, adiponectin, exerts opposite anti-fibrotic
[11]
and anti-inflammatory effects . Novel adipokines and
hepatokines were recently described, and their role in
[7]
liver diseases are now being intensively investigated .
Omentin-1 (intelectin-1, also known as an active
endothelial factor) is a newly identified adipokine that
is highly and selectively expressed in visceral adipose
[12,13]
tissue
. The data regarding hepatic omentin
expression is equivocal. Our previous study confirmed
omentin expression in the liver tissue from chronic
[14]
hepatitis C (CHC) patients . However, an earlier study
[15]
by Yang et al
found higher omentin expression in
the stroma-vascular cells of omental fat and lower
expression in the intestine and lung; no expression
was observed in the liver, kidney and pancreas.
Omentin has been suggested to be a “good adipokine”
because its serum concentration were negatively
associated with a multiplicity of metabolic risk factors
[16]
in metabolic syndrome (MS) . A previous study by
[17]
Pan et al revealed significantly lower serum omentin
levels in patients with diabetes mellitus (DM). However,
the role of omentin in CLD is unclear. A small number
of studies have shown that omentin serum are levels
[14,18,19]
increased in CHC, NAFLD and cirrhosis
.
Vaspin (visceral adipose tissue-derived serine
protease inhibitor) is a novel adipokine that was
isolated from both the visceral and subcutaneous white
adipose tissues of subjects with obesity and impaired
[20]
glucose tolerance . Vaspin has also been confirmed
to down-regulate the expression of profibrogenic
and proinflammatory agents, such as leptin, tumor
[7]
necrosis factor (TNF)-alpha and resistin . Some
studies have indicated that the induction of vaspin
mRNA expression in human adipose tissue might be
a compensatory mechanism associated with obesity
[7]
and increasing insulin resistance (IR) . Serum levels
of vaspin in CHC patients without fibrosis or with less
advanced fibrosis were significantly lower than in
healthy controls. However, in patients with bridging
fibrosis or cirrhosis, the levels were almost as high as
[21,22]
in the control group
. In NAFLD patients, vaspin
serum levels seemed to be higher in patients with
[23,24]
definite NASH and more advanced fibrosis
.
In light of the aforementioned studies, we decided
to investigate serum concentrations of two novel
adipokines, omentin and vaspin, in cirrhotic patients
with and without PVT. These analyses were performed
to assess their prothrombotic action. We then analyzed
the association between the serum levels of these
adipokines and hemostatic parameters, platelet counts
and platelet-aggregation activity markers. We also
elucidated the relationship between omentin and
vaspin serum levels and cirrhosis severity, etiology and
metabolic abnormalities.

different etiologies [alcohol in 30 patients (51%),
hepatitis C virus (HCV) infection (genotype 1b) in 15
(29%), and autoimmune hepatitis in 6 (12%)] were
enrolled. After meeting the qualification criteria, the
presence of portal vein thrombosis in 17 was confirmed
using contrast-enhanced computed tomography. Data
on complications of the liver disease, present and
past co-morbidities and current medication use were
collected. Patients were excluded for the following
reasons: infection with HCV genotypes other than 1b;
hepatitis B virus infection; human immunodeficiency
virus (HIV) co-infection; drug abuse; the presence of
neoplastic, thyroid or psychiatric diseases; or renal
or heart failure. Contrast-enhanced spiral computedtomography was performed on each patient to
confirm the presence of PVT. Computed tomography
was independently evaluated by two experienced
radiologists. The severity of cirrhosis was evaluated
by the Model of End-Stage Liver Disease (MELD) and
the Child-Pugh score. For further analysis, the patients
were divided according to their Child-Pugh score (from
A to C) or divided in two subgroups according to MELD
scores > 18 and ≤ 18. This cut-off was determined
based on studies that assessed MELD predictive
[25]
values in patients with end-stage liver disease . The
baseline clinical and laboratory characteristics of the
patients are presented in Table 1.

Ethics statement

The study protocol was approved by the Local
Bioethical Committee of the Medical University of
Silesia (Approval of Committee NoKNW/0022/KB1/45/
17
Ⅱ/15, Nov 2015). All of the clinical investigations
were conducted according to the principles expressed
in the Declaration of Helsinki. All of the study
participants provided informed written consent prior to
study enrollment.

Biochemical and serological assays

Biochemical parameters were measured using routine
methods. The upper limit of ALT activity was set at
38 IU/L, that of AST at 40 IU/L and that of gammaglutamyltransferase (GGT) activity at 50 IU/L. The
upper total serum bilirubin concentration was set at
17 μmol/L. Insulin concentrations were measured
with a DiaMetra Insulin EIA Kit, Cat. No DKO076
(DiaMetra, Italy). For IR estimation, the homeostatic
model assessment (HOMA-IR) was calculated using
the following formula: fasting insulin level (mUI/L) ×
fasting glucose level (mg/dL)/405. With respect to the
HOMA-IR value, the patients were divided into two
subgroups - below and equal or greater than 3.0. The
cut-off was determined on the basis of reviewed recent
[26]
literature .
The blood samples were drawn from the antebrachial
vein after 16 h of fasting and were the centrifuged.
The serum was frozen and stored for further analysis
at a temperature of -70 ℃. Commercially available
direct enzyme-linked immunosorbent assays (ELISA)

MATERIALS AND METHODS
Study population

A total of 51 patients (16 females) with cirrhosis of
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Table 1 General characteristics and basic laboratory tests of cirrhotic patients with and without portal vein thrombosis

Sex (M/F), n (%)
Age (yr)
BMI (kg/m2)
Child-Pugh (points)
MELD score (points)
Bilirubin (mg/dL)
Hemoglobin (g/dL)
Platelets (× 103/mm3)
WBC (× 103/mm3)
Albumin (g/dL)
ALT (U/L)
AST (U/L)
GGTP (U/L)
Cholesterol (mg/dL)
HDL-Ch (mg/dL)
LDL-Ch (mg/dL)
TG (mg/dL)
Ascites

All patients

PVT (+)

PVT (-)

n = 51

n = 17

n = 34

35/16 (68.6/31.4)
52 (26-80)
27 (17-40)
7.7 (5-12)
13.9 (6-26)
3.4 (0.6-14.3)
7.5-15.3
96 (18-330)
5.1 (1.3-15.3)
3.2 (1.7-5.1)
39 (15-130)
71.2 (18-216)
122 (25-489)
176 (45-409)
46.2 (13-78)
97.5 (19-203)
127 (47-407)
19/51 (42%)

12/5 (70.6/29.4)
56 (26-80)
27 (20-40)
7.3 (5-11)
12.8 (9-22)
2.3 (1.1-4.8)
11.9 (8.4-15)
83 (32-149)
4.3 (1.9-11.2)
3.2 (2.4-4.3)
41.6 (15-130)
69 (18-164)
180.3 (25-489)1
147.8 (45-284)
33.6 (17-45)
83 (19-171)
133.3 (47-341)
8/17 (47%)

23/11 (67.6/32.4)
54 (27-68)
27 (17-36)
7.9 (5-12)
14.5 (6-26)
3.9 (0.6-14.3)
12.2 (7.5-15.3)
103 (18-330)
5.5 (1.3-15.3)
3.2 (1.7-5.1)
38.1 (15-115)
72.1 (20-216)
91.2 (13-236)
187 (87-409)
49.6 (13-78)
102.4 (43-203)
125.3 (48-407)
15/34 (44%)

P value
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P = 0.02
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

1

GGTP level was significantly higher in PVT (+) patients. P value < 0.05 was considered statistically significant. The data are shown as the mean and range
or percentage where applicable. BMI: Body mass index; TG: Triglycerides.

manufacturer.

were used for measurement of the serum omentin and
vaspin levels (BioVendor; Brno, Czech Republic).
Blood platelets play a pivotal role in physiological
hemostasis but also in the development of thrombosis.
In addition to increased circulating prothrombotic
agents, such as von Willebrand factor (vWf), changes
in platelet biology and function may underlie upregulated thrombotic risk in cirrhosis. These changes
include an increase in mean platelet volume, enhanced
platelet aggregatory response to agonists and a
resistance to the anti-aggregatory effects of nitric
oxide and prostacyclin I2.
Platelet function testing is used to analyze inherited
and acquired platelet function disorders. In our study,
®
platelet activity was examined with the MULTIPLATE
PLATELET FUNCTION ANALYZER (Roche; Basel, Switzer
land) using multiple electrode aggregometry (MEA). The
®
Multiplate analyzer is an easy-to-use instrument that
standardizes platelet function testing in small quantities
of whole blood.
Platelet activity was examined using a MULTIP
®
LATE PLATELET FUNCTION ANALYZER (Roche;
Basel, Switzerland) and MEA. This method is
recommended for conducting studies on platelets
by the Clinical and Laboratory Standards Institute
(document H58-A, 2008). The following tests were
performed: ADP-induced platelet activation - ADP test;
Cyclooxygenase dependent aggregation - ASPI test;
vWf and glycoprotein Ib-dependent aggregation (using
ristocetin) - RISTO test; Thrombin receptor activating
peptide 6 (TRAP6)-induced activation of thrombin
receptor (TRAP test), which is sensitive to Ⅱb/Ⅲa
receptor antagonists
All of the platelet-activity tests were performed
30-180 min after blood collection, as suggested by the
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Statistical analysis

The Shapiro-Wilk test was used to evaluate the
distribution. Because of the non-Gaussian distribution,
non-parametric tests were used. Differences in
studied variables between groups were tested using
the Mann-Whitney U-test and ANOVA range KruskalWallis tests for independent groups. The correlations
were analyzed with the Spearman rank correlation
coefficient of P < 0.05 was considered statistically
significant. The statistical analysis was performed with
STATISTICA 7.0 (StatSoft Polska Sp z o.o., Krakow,
Poland). The statistical review of the study was
performed by a biomedical statistician.

RESULTS
Comparison of cirrhotic patients with and without PVT

A detailed comparison of analyzed groups regarding
anthropometric, demographical and basic laboratory
parameters is shown in Table 1.
When compared cirrhotic patients with and without
PVT, there were significantly increased prothrombin
levels in patients with PVT (P = 0.01). The TRAP test
results were significantly lower in the PVT group (P =
0.03). No other differences in coagulation parameters
or other platelet activity tests were found the groups.
The comparison of analyzed coagulation factors and
the results of the platelet activity tests are shown in
Table 2.
Omentin serum concentrations were significantly
decreased in patients with PVT (P = 0.01). There were
no significant differences in vaspin levels between the
groups. No significant differences were found in terms
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on MELD score (MELD ≤ 18 and > 18). A significantly
shorter prothrombin time, activity and INR were
confirmed in patients with MELD scores > 18. In
contrast to the Child-Pugh score, there was a significant
increase in the results of the TRAP-, ASPI- and RISTO
tests in patients with lower MELD scores. The TRAP
test values were higher in patients with less severe
liver disease (56.2 vs 42.1, P = 0.03). The ASPI test
(45.9 vs 26.4, P = 0.001) and RISTO-high test results
were also higher in this group (68.5 vs 43, P = 0.02).
On the other hand, von Willebrand factor levels were
significantly higher in the MELD > 18 group (Table 5).
There were no significant differences with res
pect to omentin levels, vaspin levels, or metabolic
parameters in the groups of patients with different
MELD score.

Table 2 Coagulation parameters and platelet activity tests in
cirrhotic patients with and without portal vein thrombosis
PVT (+)

PVT (-)

n = 17

n = 34

PT (s)
15.5 (12.5-21.9)
Prothrombin activity (%)
67.8 (41-92)
INR
1.37 (1.11-1.9)
APTT
35.5 (29.1-57)
TRAP test
37.2 (12-113)
ASPI test
29.1 (5-108)
ADP test
25.8 (1-94)
RISTO low test
9.5 (1-35)
RISTO high test
46.4 (5-162)
D-dimer (mg/L)
4434 (663-9455)
Protein C (%)
56.9 (38.1-90.3)
Prothrombin (µg/mL)
175.6 (71-390)
von Willebrand factor
1872 (1328-2339)
(mU/mL)
von Willebrand factor
3.75 (1.72-6.61)
activity (IU/mL)

P value

16.8 (11.3-44)
66.5 (36-106)
1.36 (1-2.19)
34.4 (23.6-49.4)
55.6 (16-156)
40.5 (5-130)
34.5 (5-99.9)
11.6 (0-33)
61.5 (4-156)
3134 (563-11026)
65.1 (20.9-177.5)
117.4 (36-422)
1906 (981-2372)

P > 0.05
P > 0.05
P > 0.05
P > 0.05
P = 0.03
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P = 0.01
P > 0.05

4.01 (1.01-7.71)

P > 0.05

Comparison of cirrhotic patients with viral vs non-viral
and alcoholic vs non-alcoholic etiology

No significant differences were found between patients
with viral and non-viral cirrhosis with respect to the
analyzed adipokines and metabolic and coagulation
factors (Table 6).
When compared to patients with alcoholic and nonalcoholic cirrhosis, prothrombin levels appeared to be
higher in the latter. There was no difference in terms of
omentin, vaspin, metabolic factors or other coagulation
parameters between these two groups (Table 7).

P value < 0.05 was considered statistically significant. The data are shown
as the mean and range or percentage where applicable. PT: Prothrombin
time; INR: International normalized ratio.

Table 3 Adipokine serum levels, insulin resistance profile and
diabetes occurrence in cirrhotic patients with and without
portal vein thrombosis

Diabetes, n (%)
Glucose (mg/dL)
(N:75-115 mg/dL)
Insulin (μIU/mL)
HOMA-IR
Omentin (ng/mL)
Vaspin (ng/mL)

P value

PVT (+)

PVT (-)

n = 17

n = 34

5/17 (29%)
128.4 (86-309)

10/34 (29%)
122.8 (82-430)

P > 0.05
P > 0.05

19.5 (8.7-41.7)
6.6 (2.5-14.1)
855 (579-1205)
0.31 (0.09-0.84)

17.8 (6.1-47.6)
5.3 (0.9-13.4)
1105 (619-2208)
0.27 (0.09-0.78)

P > 0.05
P > 0.05
P = 0.01
P > 0.05

Comparison of adipokine concentrations in cirrhotic
patients with and without diabetes and different HOMAIR levels

There was no significant difference in serum omentin
or vaspin levels between cirrhotic patients with and
without diabetes (991.0 ± 352.7 ng/mL vs 1035 ±
330.6 ng/mL, 0.20 ± 0.10 ng/mL vs 0.32 ± 0.23 ng/mL,
respectively).
When compared cirrhotic patients with HOMA-IR >
3 vs ≥ 3, both serum omentin and vaspin levels were
significantly down-regulated in patients with better
insulin sensitivity (858.2 ± 196.0 ng/mL vs 1100.0 ±
355.1 ng/mL, P = 0.03; 0.17 ± 0.09 ng/mL vs 0.32 ±
0.19 ng/mL, P = 0.02, respectively).

P values < 0.05 were considered statistically significant.

of diabetes mellitus occurrence, fasting glucose, fasting
insulin levels, or HOMA-IR. The details are described in
Table 3.

Results according to Child-Pugh score

Data comparing patients with various Child-Pugh (C-P)
scores are presented in Table 4.
We observed that the APTT was significantly longer
in C-P B patients than in the C-P A group. Moreover,
D-dimer levels were increased slightly with more
severe cases of liver disease. There was a significant
decrease in prothrombin activity in more advanced
liver disease cases. Von Willebrand factor levels
and activity were significantly higher in C-P C group
compared to the C-P A group.
No significant differences in platelet activity or
adipokines serum levels were found with respect to
liver disease severity as assessed with the C-P score.

Correlations between coagulation factors, platelet
activity tests, metabolic factors, adipokines and clinical
outcomes

A positive relationship between serum omentin and
vaspin levels were found both when all of the patients
were analyzed (r = 0.41, P = 0.01) and among those
with PVT (r = 0.94, P < 0.001). In patients without
PVT, the results were on the threshold of statistical
significance (P = 0.05).
We found a positive correlation between insulin and
omentin levels in PVT (+) patients (r = 0.47, P = 0.04).
There was significant negative correlation between
the presence of diabetes and the results of the platelet
activity tests: ADP (r = [-0.29], P = 0.04) and RISTOlow (r = [-0.32], P = 0.02).

Results according to MELD score

The patients were also divided into two groups based
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Table 4 Coagulation factors and platelet activity test results with regards to the severity of cirrhosis, as assessed according to the
Child-Pugh score
All patients (n = 51)
Thrombosis
PT (s)
Prothrombin activity (%)
INR
APTT
TRAP test
ASPI test
ADP test
RISTO low test
RISTO high test
D-dimer (mg/L)
Protein C (%)
Prothrombin (µg/mL)
vWf (mU/mL)
vWf activity (IU/mL)
Omentin (ng/mL)
Vaspin (ng/mL)

17/51 (33%)
13.8 (11.3-44)
67 (36-106)
1.3 (1-2.2)
34.7 (23.6-57)
49.6 (12-156)
36.8 (5-130)
31.6 (1-99.9)
10.9 (0-35)
56.5 (4-162)
3568 (563-11026)
56.5 (20.9-177.5)
136.8 (36-422)
1941 (981-2372)
3.8 (1-7.7)
1023 (579-2208)
0.29 (0.1-0.8)

Child-Pugh A

Child-Pugh B

(n = 16)

(n = 25)

6/16 (37.5%)
13.8 (11.3-16.9)
79.2 (58-106)
1.2 (1-1.5)
32.3 (23.6-47.4)
54.5 (15-156)
45.6 (10-130)
36.3 (13-99.9)
10.5 (1-25)
65.5 (7-152)
2521 (563-9455)
60.9 (49.1-105.1)
128.9 (43.1-390)
1789 (986-2372)
3.3 (1.5-7.6)
942 (635-1432)
0.2 (0.1-0.6)

9/25 (24%)
16.7 (11.3-44)1,3
65.4 (43-95)1,3
1.4 (1.1-2)1,3
36.2 (29.1-57)1
43.5 (12-98)
32.3 (5-110)
25.8 (1-77)
8.9 (0-26)
41 (4-156)
3243 (795-8790)3
60.8 (20.9-177.5)
152.1 (36-422)
1941 (981-2339)
3.8 (1-7.7)
964 (579-2208)
0.3 (0.1-0.8)

Child-Pugh C
(n = 10)
2/10 (20%)
19.2 (14.1-24.4)1,2
51.4 (36-73)1,2
1.7 (1.2-2.2)1,2
35.6 (28.2-44)
53.3 (16-113)
34.2 (5-108)
38.4 (9-94)
16.4 (2-35)
60.49 (17-162)
6053 (724-11026)1,2
58.3 (29.4-121.1)
110.2 (60.4-194)
2062 (1450-2311)1
4.8 (2.6-6.6)1
1102 (657-1571)
0.4 (0.1-0.7)

1

Significantly different vs Child-Pugh A group; 2Significantly different vs Child-Pugh B group; 3Significantly different vs Child-Pugh C group. P value
< 0.05 was considered statistically significant. The data are shown as the mean and range or percentage where applicable. PT: Prothrombin time; INR:
International normalized ratio; vWf: von Willebrand factor.

Table 5 Coagulation factors and platelet activity test with regards to the severity of cirrhosis, as evaluated according to the model
of end-stage liver disease score
All patients (n = 51)
Thrombosis
PT (s)
Prothrombin activity (%)
INR
APTT
TRAP test
ASPI test
ADP test
RISTO low test
RISTO high test
D-dimer (mg/L)
Protein C (%)
Prothrombin (µg/mL)
vWf (mU/mL)
vWf (IU/mL)
Omentin (ng/mL)
Vaspin (ng/mL)

MELD ≤ 18 (n = 28)

17/51 (33%)
13.8 (11.3-44)
67 (36-106)
1.3 (1-2.2)
34.7 (23.6-57)
49.6 (12-156)
36.8 (5-130)
31.6 (1-99.9)
10.9 (0-35)
56.5 (4-162)
3568 (563-11026)
56.5 (20.9-177.5)
136.8 (36-422)
1941 (981-2372)
3.8 (1-7.7)
1023 (579-2208)
0.29 (0.1-0.8)

11/28 (39.2%)
14.1 (11.3-21)
76.4 (43-106)
1.3 (1-1.5)
35.1 (23.6-57)
56.2 (15-156)
45.9 (10-130)
36.2 (7-99.9)
10.6 (1-25)
68.5 (7-156)
3094 (563-9455)
58.7 (20.9-105.1)
143.6 (36-390)
1841 (986-2372)
3.7 (1.5-7.6)
948 (579-1432)
0.25 (0.1-0.8)

MELD > 18 (n = 23)
7/23 (30.4%)
19.1 (13.4.-44)1
55.6 (36-86)1
1.6 (1.2-2.2)1
34.4 (28.2-44.9)
42.1 (12-113)1
26.4 (5-108)1
26.5 (1-94)
11.3 (0-35)
43 (4-162)1
4144 (724-11026)
66.7 (29.4-177.5)
128.5 (59-422)
2006 (981-2311)1
4.2 (1-7.7)
1110 (619-2208)
0.32 (0.1-0.8)

1

P value < 0.05 was considered statistically significant. MELD ≤ 18 vs MELD > 18. The data are shown as the mean and range or percentage where
applicable. PT: Prothrombin time; INR: International normalized ratio; vWf: von Willebrand factor.

Vaspin serum levels were negatively associated
with diabetes occurrence (r = [-0.64], P = 0.04)
and protein C concentration (r = [-0.63], P = 0.04).
Vaspin levels were positively associated with von
Willebrand factor levels (r = 0.36, P = 0.02). Omentin
serum concentrations were positively related to von
Willebrand factor levels (r = 0.40, P = 0.008).
There was no relationship between the grade of
esophageal varices and serum vaspin or omentin levels.

been shown to have a variety of local, peripheral
[6]
and central effects . A growing number of studies
show a particularly important role of adipokines
in the development of liver damage in a variety of
[6,7,27,28]
diseases
. However, relatively little research has
been done concerning the influence of adipokines on
the natural history of liver cirrhosis. To the best of our
knowledge, this is the first study to assess omentin
and vaspin levels in cirrhotic patients with PVT, the
diagnosis of which remains challenging. It has been
demonstrated that PVT generally coexists with a more
severe course of cirrhosis. It is therefore essential to
identify patients who are at risk for this complication.

DISCUSSION
Adipokines, adipose tissue-derived hormones, have

WJG|www.wjgnet.com

2618

April 14, 2017|Volume 23|Issue 14|

Kukla M et al . Omentin and vaspin in liver cirrhosis
Table 6 Coagulation factors, platelet activity tests and adipokines levels with regards to the presence of chronic hepatitis C

Thrombosis
PT (s)
Prothrombin activity (%)
INR
APTT
TRAP test
ASPI test
ADP test
RISTO low test
RISTO high test
D-dimer (mg/L)
Protein C (%)
Prothrombin (µg/mL)
vWf (mU/mL)
vWf activity (IU/mL)
Omentin (ng/mL)
Vaspin (ng/mL)

All patients (n = 51)

HCV (+) (n = 15)

HCV (-) (n = 36)

17/51 (33%)
13.8 (11.3-44)
67 (36-106)
1.3 (1-2.2)
34.7 (23.6-57)
49.6 (12-156)
36.8 (5-130)
31.6 (1-99.9)
10.9 (0-35)
56.5 (4-162)
3568 (563-11026)
56.5 (20.9-177.5)
136.8 (36-422)
1941 (981-2372)
3.8 (1-7.7)
1023 (579-2208)
0.29 (0.1-0.84)

3/11 (27.3%)
14.5 (11.3-19.9)
72.1 (47-94)
1.3 (1-1.8)
36.6 (28.2-57)
53.3 (15-156)
37.9 (10-130)
33.4 (13-99.9)
13.5 (4-25)
44.5 (7-115)
3317 (595-10043)
65.1 (41.4-105.1)
149.2 (59.7-390)
1912 (986-2311)
4.2 (1.5-6.4)
991 (731-1432)
0.43 (0.1-0.77)

14/40 (35%)
16.8 (11.3-44)
65.6 (36-106)
1.4 (1.2-2.2)
34.8 (23.6-49.4)
47.5 (12-113)
36.5 (5-110)
31.2 (1-94)
10.2 (0-35)
60.1 (4-162)
3637 (563-11026)
61.6 (20.9-177.5)
133.4 (36-422)
1890 (981-2372)
3.9 (1-7.7)
1028 (579-2208)
0.26 (0.1-0.84)

1

P value < 0.05 was considered statistically significant. The data are shown as the mean and range or percentage where applicable. PT: Prothrombin time;
INR: International normalized ratio; vWf: von Willebrand factor; HCV: Hepatitis C virus.

Table 7 Coagulation factors, platelet activity tests and adipokines levels with regards to the etiology of alcoholic liver cirrhosis
All patients (n = 51)
Thrombosis
PT (s)
Prothrombin activity (%)
INR
APTT
TRAP test
ASPI test
ADP test
RISTO low test
RISTO high test
D-dimer (mg/L)
Protein C (%)
Prothrombin (µg/mL)
vWf (mU/mL)
vWf (IU/mL)
Omentin (ng/mL)
Vaspin (ng/mL)

Alcoholic cirrhosis (n = 30)

17/51 (33%)
13.8 (11.3-44)
67 (36-106)
1.3 (1-2.2)
34.7 (23.6-57)
49.6 (12-156)
36.8 (5-130)
31.6 (1-99.9)
10.9 (0-35)
56.5 (4-162)
3568 (563-11026)
56.5 (20.9-177.5)
136.8 (36-422)
1941 (981-2372)
3.8 (1-7.7)
1023 (579-2208)
0.29 (0.1-0.84)

9/30 (30%)
17 (11.3-44)
65.7 (36-106)
1.5 (1-2.2)
34.6 (23.6-47.4)
51.2 (16-113)
39.1 (5-110)
32.8 (5-94)
11.4 (0-35)
68.4 (10-162)
3635 (563-11026)
59.2 (20.9-121.2)
116.6 (36-382)
1937 (1209-2372)
4.1 (1.5-7.7)
1072 (579-2208)
0.29 (0.1-0.84)

Non-alcoholic cirrhosis (n = 21)
8/21 (38%)
15.3 (11.3-21)
68.8 (43-94)
1.4 (1.1-2)
34.8 (28.2-57)
47.2 (12-156)
33.4 (5-130)
29.9 (1-99.9)
10.15 (1-25)
39.5 (4-115)
3471 (595-10043)
66.8 (33.4-177.5)
165.8 (59-422)1
1834 (981-2311)
3.7 (1-6.4)
923 (635-1432)
0.26 (0.1-0.72)

1

P value < 0.05 was considered statistically significant. The data are shown as the mean and range or percentage where applicable. PT: Prothrombin time;
INR: International normalized ratio; vWf: von Willebrand factor.

Our study for the first time showed significantly
lower levels of serum omentin in cirrhotic patients
with PVT. However, omentin serum levels were not
associated with the severity of cirrhosis according to
either the Child-Pugh or MELD scales. There was also
no relationship between omentin and the grade of
esophageal varices. Patients with PVT had significantly
higher prothrombin concentrations. Prothrombin is
a key factor in clot formation, and elevated levels
appear to promote venous thrombosis. In the study
[19]
by Eisinger et al , omentin levels were significantly
higher in the portal vein. In addition, these levels
tended to be higher in the hepatic vein and systemic
blood of patients with liver cirrhosis compared with the
respective blood compartments of control patients with
healthy livers. Similar to our results, no association
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with complications resulting from portal hypertension
was observed.
As mentioned above, there are conflicting results
[14,15]
regarding omentin synthesis in the liver
. Our
previous study of non-obese CHC patients, 16% of
whom were cirrhotic, showed significantly higher
omentin serum levels compared to healthy controls.
However, omentin serum levels were not associated
[14]
with any histopathological findings . Similar results
[18]
were found by Nassif et al ’s study, which showed
significantly higher serum omentin levels in CHC
subjects; however, no information was provided
regarding histopathological examination.
In patients with obesity and metabolic syndrome,
circulating omentin levels were negatively associated
with a multiplicity of metabolic risk factors, suggesting
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that omentin acts as a biomarker of metabolic
[16]
disorders . IR, which is considered to be negatively
associated with serum omentin in patients with
metabolic diseases, is commonly present in patients
with liver cirrhosis. Therefore, higher serum omentin
levels in cirrhotic patients with increased IR is an
unexpected finding. However, our results are in
[19]
accordance with results obtained by Eisinger et al ,
who found omentin serum levels to be significantly
decreased in cirrhotic patients with better insulin
sensitivity.
[18]
Nassif et al
analyzed CHC patients and found
a negative correlation between serum omentin and
HOMA-IR and fasting glucose, with lower serum
omentin levels in subjects with T2DM. However, in
those patients, serum omentin concentration was still
significantly higher than in diabetic patients without
CHC. We must still bear in mind the strong influence
[29,30]
of DM and obesity on serum omentin levels
.
An additional factor is the direct impact of HCV on
inflammatory, metabolic and intracellular insulin
[31]
pathways . In the present study, there was no
difference in serum omentin levels in cirrhotic patients
with and without DM. This is an unexpected result
considering the negative correlation between serum
omentin and metabolic abnormalities in DM and MS.
However, the result must be analyzed with caution due
to a small number of patients with DM in our group.
[32]
Nevertheless, in the study by Yilmaz et al , serum
levels of omentin were significantly lower in normal
controls compared to non-cirrhotic patients with
biopsy-proven NAFLD, 40% of whom were diabetic
and over 60% of whom had metabolic syndrome.
Moreover, serum omentin appeared to be a predictor
of hepatocyte ballooning, independent of potential
confounders, including metabolic parameters. This
last observation points to a pivotal role omentin in the
development and progression of NAFLD.
To exclude a potential influence of HCV on IR and
lipid profile, which may interfere with omentin serum
levels, we compared cirrhotic patients with CHC to
the rest of the study group. There were no significant
differences between these two subgroups in terms of
serum omentin, glucose and fasting insulin, HOMA-IR,
cholesterol, coagulation factors or platelet activity.
The top three causes of cirrhosis in our study were
alcoholic liver disease, CHC and autoimmune hepatitis.
There were no differences in serum omentin levels
in patients with viral or toxic cirrhosis compared to
the rest of analyzed group. In the study by Eisinger
[19]
et al , only three patients out of 34 had cirrhosis
due to CHC. The comparison between our study and
[18]
Nassiff et al ’s study is also difficult because no
information was provided regarding the viral genotype
and fibrosis stage in the analyzed patients. Therefore,
the discrepancy in the obtained results regarding
the relationship between serum omentin and insulin
sensitivity may result from different study group
characteristics.
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In terms of to higher serum omentin levels in
patients with CLDs, the question arises of whether
these increased levels result from the impaired
metabolism of this adipokine in the inflamed and
fibrotic liver. However, our study did not show any
difference in serum omentin concentrations in
more advanced cirrhosis (i.e., more impaired liver
function), suggesting no significant influence of hepatic
metabolism on the levels of this adipokine. Therefore,
further questions remain as to whether omentin
expression in the liver is an important source of the
serum levels of this adipokine. Our previous study
confirmed omentin liver expression. However, hepatic
gene expression was not associated with its serum
levels or any histopathological feature. Moreover,
[14]
omentin was not up-regulated in cirrhosis .
The dysfunction of SECs in cirrhotic liver is strictly
associated with a low production of vasodilators,
such as nitric oxide, which increases intrahepatic
[33,34]
resistance and portal hypertension
. Nitric oxide is
a central molecule in the regulation of vascular tone by
[35]
regulating eNOS activity in blood vessels . Omentin
was found to mediate endothelium relaxation by up[12]
regulating eNOS activity . Omentin has also been
described as a potent anti-inflammatory adipokine,
inhibiting TNF alpha-mediated phosphorylation of
p38 kinase and Jun kinase in vascular smooth muscle
[36]
cells . Therefore, higher omentin levels in patients
with cirrhosis may be a compensatory mechanism
against intrahepatic resistance.
Vaspin is another novel adipokine that is primarily
produced by visceral and subcutaneous adipose
tissue. The current study for the first time compared
serum vaspin levels in cirrhotic patients with and
without PVT and did not find any difference between
these groups. Our previous study in CHC patients
suggested serum vaspin to be a potential predictor
of advanced liver fibrosis, with evident increases
[21]
in subjects with advanced fibrosis . However, in
patients with insignificant fibrosis, serum vaspin level
were significantly lower than in controls. Similarly,
serum vaspin levels were lower in NAFLD patients
with simple steatosis compared to healthy controls,
with a subsequent increase in patients with NASH and
[23]
[24]
ballooning degeneration . The study by Aktas et al
confirmed serum vaspin to be a predictor of liver fibrosis
in NAFLD, independently of potential confounders,
including metabolic parameters. Moreover, vaspin serum
levels reflected the intensity of hepatic angiogenesis
in CHC patients, a phenomenon that aggravates
[22]
CLDs progression . It is well established that active
fibrogenesis and angiogenesis are connected with the
progression of portal hypertension, an undisputed
risk factor of PVT. In the present study, there was no
difference in vaspin serum levels between patients
with different stages of cirrhosis according to ChildPugh and MELD scores. This is in accordance with
previous results showing that there is no further
increase in vaspin serum levels when advanced fibrosis
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[21,22]

appears
.
Visceral vaspin expression significantly correlated
with BMI, percentage of body fat and the levels of
plasma glucose. As vaspin has been found to be a
compensatory adipokine in IR, a common metabolic
disorder in patients with cirrhosis, serum vaspin is
expected to be higher in patients with worsen insulin
sensitivity. As expected, the present study revealed
significantly higher serum vaspin levels in patients with
HOMA-IR ≥ 3. The results with respect to vaspin levels
are in accordance with our previous study in NAFLD
patients, which showed HOMA-IR to be significantly
higher in patients with fibrosis and to correlate with
[23]
fibrosis stage . In contrast, serum vaspin levels had
no tendency to be increased in CHC patients with
[37]
HOMA-IR ≥ 3 . Bearing in mind a direct influence of
HCV on insulin sensitivity, further analysis comparing
serum vaspin levels in groups of patients with viral
and non-viral cirrhosis was carried out. However,
no significant differences were observed between
these two subgroups of cirrhotic patients. Similarly,
no difference was detected when comparing patients
with toxic and non-toxic cirrhosis. These observation
support the opinion that increased serum vaspin levels
may be a compensatory mechanism to abolish IR.
Recently, vaspin has been found to exert anti
atherogenic actions. Vaspin decreased the levels of
asymmetric dimethylarginine (ADMA), an endogenous
inhibitor of all types of nitric oxide synthases (NOSs),
and activated dimethylarginine dimethylaminohydrolase
(DDAH), an enzyme that metabolizes ADMA to citrulline
and dimethylamine. Elevated ADMA has been shown
to attenuate endothelium-dependent vasodilation
[38]
in humans
and, together with dysregulation of
DDAH, is involved in endothelial dysfunction in
hypercholesterolemia and diabetes. Some recent
evidence has indicated that DDAH activity is impaired
[39]
by oxidative stress, permitting ADMA to accumulate .
Considering the beneficial effect of vaspin on IR and
oxidative stress, it may act as a compensatory and
protective factor. Unfortunately, our study did not
reveal any difference in vaspin serum levels between
cirrhotic patients with and without PVT, and there was
no relationship with the grade of esophageal varices.
The evident limitation of our study is the lack of portal
pressure measurement; therefore, the interpretation of
the presented results should be performed with caution.
As mentioned above, PVT is more frequently
observed in later stages of cirrhosis. However, the
development of PVT is unpredictable, and its risk
factors are not well characterized. According to
Virchow’s triad principle, a venous thrombosis results
from the coexistence of blood flow abnormalities,
endothelial injury and hypercoagulation. For these
reasons, PVT in cirrhosis could be linked with
endotoxemia, thrombophilia and portal hypertension.
Alternatively, PVT it may have no definite association
with any of these factors. Advanced cirrhosis is
associated with profound and complex coagulation
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defects, with concomitant defective fibrinolysis and
impaired synthesis of thromboxane A2 and serotonin
by platelets. The final result of all of these disturbances
is a promotion of a prothrombotic state, likely related
to up-regulated endothelial synthesis of von Willebrand
factor (vWf) and increased levels of Ⅷ factor. These
effects occur in combination with low levels of hepatic
anticoagulation agents, such as antithrombin Ⅲ and
[40,41]
proteins C and S
. vWf levels and the Ⅷ factorto-PC ratio are as predictive of mortality as MELD.
Thrombogenic mechanisms that operate within the
cirrhotic liver might underlie the progression of portal
hypertension and adverse clinical outcomes in patients
[42]
with cirrhosis .
Our study revealed prothrombin concentration to be
significantly higher in patients with PVT. Prothrombin is
an essential agent that participates in clot formation.
Elevated levels of this factor lead to thrombin
formation, inhibit the activity of antithrombotic protein
S, and promote venous thrombosis in the presence of
[43,44]
endothelial injury
. On the other hand, in our study,
protein C levels tended to be lower in PVT patients,
although the difference did not reach statistical
significance.
The loss of platelet inhibition by insulin has been
suggested to be a major determinant of platelet
hyperactivity during obesity. Low levels of HDLcholesterol promote platelet activation and aggregation,
possibly because HDL antagonizes the stimulating
[45]
properties of LDL on platelets . In agreement with
these facts, we found that not HDL-cholesterol but also
LDL-cholesterol and total blood cholesterol levels were
markedly diminished in patients with PVT; however,
the difference was not statistically significant. The roles
of omentin and vaspin in decreasing IR and oxidative
stress may exert a protective effect against platelet
hyperreactivity. Unfortunately, serum omentin was not
associated with platelet hyperactivity. On the other
hand, both serum omentin and vaspin concentrations,
in addition to fasting insulin, were positively related to
vWF level and activity.
However, the tendency of patients with liver disease
to bleed and to experience thrombus formation cannot
be explained solely by alterations in hemostasis. A
partial explanation of hemorrhagic and thrombotic
events in patients with advanced CLDs or cirrhosis
result from complex hemodynamic alterations, such
as portal hypertension, endothelial dysfunction, kidney
dysfunction, and the release of substances similar to
[46]
heparin by bacterial .
The last intriguing observation of the study, which
has not been previously described, is a positive
association between serum omentin and vaspin. As
mentioned above, ADMA, an endogenous inhibitor of
NOS, is increased in the serum of patients with liver
cirrhosis compared with healthy controls and may
antagonize peripheral vasodilatation. High intrahepatic
[47,48]
ADMA levels may aggravate intrahepatic resistance
.
The ability of vaspin and omentin to enhance eNOS
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the complicated pathophysiology of hepatic injury and repair. Moreover, there
is some data suggesting, that omentin plays role in regulating endothelial
homeostasis.

activity and to down-regulate ADMA production may
be a compensatory and protective mechanism against
portal hypertension. The positive mutual correlation
between both adipokines may suggest a collaborative
action of both adipokines, not only as compensatory
agents in portal hypertension but also in insulin
resistance, oxidative stress and inflammation.
There are some evident limitations of our study.
First, the group of patients is relatively small and not
homogenous. Second, no liver biopsy was carried out,
and the measurement of collagen proportionate area,
which may reflect the severity of cirrhosis and predict
portal hypertension, was not applicable. Third, no
measurement of portal pressure was made, so a direct
assessment of how omentin and vaspin may influence
vasodilatation or vasoconstriction was not possible.
Fourth, the relationship between PVT and the levels
of omentin is a simple association and not a causeeffect relationship. A follow-up study should have been
designed to demonstrate that decreased omentin
levels are related to a higher risk of developing PVT.
In conclusion, our study showed serum omentin
but not vaspin levels to be significantly higher in
cirrhotic patients without PVT. Moreover, omentin
and vaspin concentrations were higher in cirrhotic
patients with increased IR. Neither omentin nor vaspin
were associated with other metabolic abnormalities,
including DM. The origin of liver cirrhosis and grade
of liver impairment as assessed by the Child-Pugh
or MELD scores were not correlated with omentin
or vaspin levels. There was no relationship between
platelet hyperactivity and the serum levels of either
analyzed adipokine. The positive mutual correlation
between omentin and vaspin may suggest their
collaborative action against IR, inflammation and
portal hypertension. Our results indicate that although
omentin and vaspin could be involved into the
pathophysiology of the development of cirrhosis, they
are not good indicators of its origin or severity and do
not impact the thrombotic activity of platelets.
Additional studies must delineate whether the levels
of omentin and vaspin play a pivotal, protective role in
liver cirrhosis against PVT and portal hypertension.

Innovations and breakthroughs

This study showed serum omentin levels to be significantly higher in cirrhotic
patients without PVT. This finding confirms important role of this adipokine
in vessel homeostasis. Serum levels of omentin and vaspin seem not to be
associated with platelet hyperactivity.

Applications

The presented study suggests that there is a need of further studies on the
role of novel adipokines in liver cirrhosis and its complications as liver failure is
strictly connected to metabolism disturbance.

Peer-review

Interesting and certainly new topic describing two novel adipokines - omentin
and vaspin in patients with liver cirrhosis with and without PVT. The study
provides analysis of relationship between adipokines serum levels and disease
severity and etiology, metabolic abnormalities and platelets activity.
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Abstract
AIM
To investigate the incidence and mortality rates of
upper gastrointestinal cancer (UGIC) in Hebei Province,
China, and to identify high-risk populations to improve
UGIC prevention and control.

Informed consent statement: All study participants or their
legal guardian provided informed written consent prior to study
enrolment.

METHODS
Data for UGIC patients were collected from 21
population-based cancer registries covering 15.25%
of the population in Hebei Province. Mortality data
were extracted from three national retrospective death
surveys (1973-1975, 1990-1992 and 2004-2005). The
data were stratified by 5-year age groups, gender and
area (high-risk/non-high-risk areas) for analysis. The
age-period-cohort and grey system model were used.

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest related to this study.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

WJG|www.wjgnet.com

RESULTS
The crude incidence rate of UGIC was 55.47/100000, and
the adjusted rate (Segi’s population) was 44.90/100000.
Males in rural areas had the highest incidence rate
(world age-standardized rate = 87.89/100000). The
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Thus, monitoring and studying the incidence and
mortality of UGIC can provide important information,
enable effective assessment and potentially generate a
strategy for UGIC prevention and control based on its
distribution pattern.
Hebei Province is located in northern China along
the Taihang Mountain chain and has a relatively less
developed economy. This province was recognized
as a high-risk area for UGIC in the 1970s. In 2015,
Hebei Province had 21 population-based cancer
registries that covered 11185626 registered individuals
(approximately 15.25% of the total population
of Hebei Province). Additionally, Hebei Province
participated in three national death surveys that were
[3]
conducted during the periods from 1973-1975 ,
[4]
[5]
1990-1992 and 2004-2005 . Cixian and Shexian in
Hebei Province exhibit a high frequency of UGIC; their
cancer registries were established in 1974 and 2000,
[6-8]
respectively. Several investigations
have been
conducted to assess the potential risk factors and the
corresponding aetiological intervention methods and
screening measures for UGIC.
This study combined the data for esophageal
cancer and stomach cancer to investigate the real
burden of UGIC in Hebei Province and to provide
information on its prevention and treatment.

crude mortality rate of UGIC displayed a decreasing
trend in Hebei Province from the 1970s to 2013, and
the adjusted rate decreased by 43.81% from the 1970s
(58.07/100000) to 2013 (32.63/100000). The mortality
rate declined more significantly in the high-risk areas
(57.26%) than in the non-high-risk areas (55.02%) from
the 1970s to 2013. The median age at diagnosis of UGIC
was 65.06 years in 2013. There was a notable delay in
the median age at death from the 1970s (66.15 years) to
2013 (70.39 years), especially in the high-risk areas. In
Cixian, the total trend of the cohort effect declined, and
people aged 65-69 years were a population at relatively
high risk for UGIC. We predicted that the crude mortality
rates of UGIC in Cixian and Shexian would decrease to
98.80 and 133.99 per 100000 in 2018, respectively.
CONCLUSION
UGIC was the major cause of cancer death in Hebei
Province, and males in rural areas were a high-risk
population. We should strengthen early detection and
treatment of UGIC in this population.
Key words: Upper gastrointestinal cancer; Incidence;
Mortality; Age-period-cohort; Grey system model
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first to examine the incidence
and mortality trends of UGIC in Hebei Province. Data
were collected from 21 population-based cancer
registries covering 15.25% of the total population of
Hebei Province in 2013. An age-period-cohort model
was established to analyse the incidence rate of
UGIC in a high-risk area of Hebei Province (Cixian).
Additionally, we established the grey system model to
predict the mortality rates of UGIC in high-risk areas
of Hebei Province (Cixian and Shexian). The aim of
the study was to provide epidemiological evidence for
developing strategies for UGIC prevention and control.

MATERIALS AND METHODS
Cancer registry data

The Hebei Provincial Cancer Registry was established
in 2009 and is responsible for cancer data collection,
evaluation and publication. Data were collected from
21 local population-based registries in 2013, including
16 counties (Cixian, Shexian, Qianxi County, Wuan
County, Zanhuang County, Fengning County, Xinji
County, Xingtai County, Zhangbei County, Anguo
County, Haixing County, Yanshan County, Neiqiu
County, Renxian, Xuanhua County and Shenze
County) and 5 cities (Baoding City, Qinhuangdao City,
Cangzhou City, Shijiazhuang City and Shuangqiao
District of Chengde City). These counties and cities
represented urban areas and rural areas, respectively.
The reported cases were from multiple sources,
including local hospitals, community health centres,
the Urban Resident Basic Medical Insurance Program
and the New Rural Cooperative Medical Scheme.
All data on cancer in Hebei Province were obtained
from the Hebei Provincial Cancer Registry Database.
Population information was collected from the local
statistical bureau or household register department in
the local public security bureau. We also extracted data
on UGIC in Cixian from 1989 to 2013 and Shexian
from 2004 to 2013. According to the International
Classification of Diseases, 10th revision (ICD-10), C15
(esophageal cancer) and C16 (gastric cancer), which
are UGIC, were extracted for the analysis.

Li DJ, Liang D, Song GH, Li YW, Wen DG, Jin J, He YT.
Upper gastrointestinal cancer burden in Hebei Province,
China: A population-based study. World J Gastroenterol 2017;
23(14): 2625-2634 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i14/2625.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i14.2625

INTRODUCTION
According to GLOBOCAN 2012, upper gastrointestinal
cancer (UGIC) is the third most common cancer
worldwide and the second leading cause of death
among all cancer types. Approximately 45% of all
[1]
cases occur in China . The incidence and mortality
proportions of UGIC are approximately 19.8% and
[2]
23.3% of all malignancies in China, respectively .
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Quality control

produce birth cohorts from 1904-1908 to 1984-1988.
The three components (i.e., cohort, period, and age) in
the age-period-cohort model were linearly dependent.
Thus, we adopted the common method of including an
additional arbitrary reference constraint for the period
[10,11]
effect
. Additionally, the periods from 2004-2008
and 2009-2013 and the birth cohort from 1934-1938
were chosen as reference groups for the 85+ age
group.
Based on the crude mortality rates of UGIC in
Cixian and Shexian from 2004-2013, an Excel table
[12]
was used to establish the GM (1, 1) . The posterior
error ratio (C) and small error probability (P) were
used to determine the prediction accuracy, the relative
error between the predicted value and the actual
value, and the extrapolated prediction of mortality of
UGIC in Cixian and Shexian from 2014-2018.

The inclusion criteria for the data were based on the
[9]
Guidelines of the Chinese Cancer Registration and
the International Agency for Research on Cancer/
International Association of Cancer Registries (IARC/
IACR). The analysed data had a morphological
verification percentage (MV%) higher than 66%,
a percentage of cancer cases identified with death
certification only (DCO%) less than 15% and a
mortality to incidence ratio (M/I) between 0.6 and 0.8.
All of the data were checked and evaluated based on
the data quality criteria.

National retrospective survey of mortality

In the mid-1970s, a nationwide retrospective survey
of causes of mortality was conducted in 29 provinces,
including all 153 cities and counties. This survey
[3]
covered 47.725 million people in Hebei Province
and provided a profile of cancer mortality in Hebei
Province.
The second national retrospective sampling survey
of cancer mortality was conducted from 1990 to
1992. This survey used a stratified sampling method
and covered approximately 10% of the population in
[4]
China . A total of 21 cities and counties, including
6.375 million people in Hebei Province, were enrolled
in the sampling areas.
The third national retrospective stratified sampling
survey of all causes of death was performed during the
period from 2004-2005 in 31 provinces/municipalities/
autonomous regions, which included Hebei Province.
A total of 18 cities and counties were selected as
sampling areas, covering 13.79 million people and
[5]
20.15% of the total population of Hebei Province .
The pooled data for UGIC from the three national
retrospective sampling surveys were stratified by area
(high-risk/non-high-risk areas) and gender. Cixian,
Shexian and Zanhuang counties were selected as the
high-risk areas; the rest counties were considered
non-high-risk areas.

RESULTS
Incidence of UGIC in 2013

In 2013, there were 6205 new UGIC cases (4328 in
males and 1877 in females), accounting for 24.62%
of all types of cancer in the Hebei Provincial Cancer
Registry areas. The crude incidence rate of the
total areas was 55.47 per 100000 people. The ASR
World and the ASR China in 2000 were 44.90 and
44.16/100000 people, respectively (Table 1). The
incidence rate of UGIC was higher in males than in
females. The incidence rate was 2.62 times higher
in rural areas (75.17/100000) than in urban areas
(28.69/100000). Almost 78% of the new cases were
from rural cancer registries, and more than 50% of the
cases were males from rural areas. The male incidence
rate was highest in rural areas (101.35/100000). The
median age at diagnosis of UGIC was 65.06 years
(64.73 years in males and 66.03 years in females)
in Hebei Province. The median age was 4.36 years
younger in rural areas (64.37 years) than in urban
areas (68.74 years).
The age-specific incidence rate was relatively low
for individuals younger than 40 years of age and then
increased dramatically. The incidence rate reached the
peak in the 85+ age group (504.44/100000), although
the incidence rate reached the peak in the 80-84 age
group (598.17/100000) for males. The trend in the
urban and rural areas was similar to the overall trend
(Figure 1).

Statistical analysis

The data analyses were performed using SPSS version
19.0 (SPSS Inc., Chicago, IL, United States), SAS
version 9.4 (SAS Institute Inc., Cary, NC, United
States) and Microsoft Excel 2003 (Microsoft, United
States). The world age-standardized rate (ASR World)
and Chinese age-standardized rate (ASR China) were
calculated based on Segi’s population and the Chinese
population in 2000, respectively. Long-term trends of
UGIC in Cixian and Shexian were analysed using an
age-period-cohort model and grey system (GM) (1,
1) model. We used an age-period-cohort model to
estimate the relative risks by age, period, and birth
cohort based on the Cixian data collected from 1989
to 2013. Additionally, we extracted thirteen 5-year age
groups from 25-29 to 85+ years old and five 5-year
periods ranging from 1989-1993 to 2009-2013 to

WJG|www.wjgnet.com

Age, period and cohort effects in Cixian

Generally, the trend of the incidence rates of UGIC
decreased with the year of birth. The incidence rate
increased after a decrease and then decreased again
for individuals age older than 55 years but remained
steady for the 25-to-54-year-old age groups (Figure 2).
Age, period and cohort effects contributed to
the observed changes in the UGIC incidence. The
model including all three components had the best
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Table 1 Upper gastrointestinal cancer in Hebei Provincial Cancer Registry areas, 2013
Area

Gender

Total

Upper gastrointestinal cancer

Both genders
Male
Female
Both genders
Male
Female
Both genders
Male
Female

Urban

Rural

Incidence (1/100000)

600.00

Esophageal cancer

Stomach cancer

No.

Crude
rate
5
(1/10 )

ASR
China
5
(1/10 )

ASR
World
5
(1/10 )

No.

Crude
rate
5
(1/10 )

ASR
China
5
(1/10 )

ASR
World
5
(1/10 )

No.

Crude
rate
5
(1/10 )

ASR
China
5
(1/10 )

ASR
World
5
(1/10 )

6205
4328
1877
1360
969
391
4845
3359
1486

55.47
75.8
34.28
28.69
40.46
16.67
75.17
101.35
47.46

44.16
62.43
26.43
21.73
32.51
12.03
62.3
85.84
38.79

44.90
63.50
26.75
21.65
32.5
11.74
63.75
87.89
39.69

2349
1517
832
449
315
134
1900
1202
698

21.00
26.57
15.19
9.47
13.15
5.71
29.48
36.27
22.29

16.63
21.83
11.59
7.12
10.51
4.00
24.45
30.92
18.05

16.91
22.16
11.81
7.16
10.48
4.05
24.97
31.67
18.37

3856
2811
1045
911
654
257
2945
2157
788

34.47
49.23
19.08
19.22
27.31
10.96
45.69
65.08
25.17

27.54
40.60
14.84
14.61
22.00
8.03
37.85
54.91
20.73

27.99
41.34
14.94
14.49
22.02
7.69
38.79
56.22
21.31

Both
Male
Female

450.00

300.00

150.00

0.00
0-

5-

10- 15- 20- 25-    30-    35-    40-    45-    50-    55-    60-    65-    70-    75-    80-    85+
Age

Figure 1 Age-specific incidence rates of upper gastrointestinal cancer in Hebei Province, 2013.
2100.00
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30-34
35-39
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45-49
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60-64
65-69
70-74
75-79
80-84
85+

Mortality (1/100000)

1800.00
1500.00
1200.00
900.00
600.00
300.00

23
19 -19
25 28
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30 3
19 -19
35 38
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40 3
19 19
45 48
19 19
50 53
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60 63
19 19
65 68
19 -19
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75 78
19 198
80 3
-1
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8
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-1
9

13

-1
9

-1
9

-1
9

08

0.00

Birth cohort

Figure 2 Trend in the age-specific incidence rate of upper gastrointestinal cancer plotted against the birth cohort.

in all cohorts after those born in the early 1900s. The
RR of the period effects was lower from 1989-1993
compared to the reference group (Figure 3).

goodness of fit, i.e., the model had the lowest Akaike’s
information criterion value (691.267).
The incidence rate increased with age but
decreased with the cohort. Figure 3 details the age
effect and shows an increasing trend for individuals
aged 25-65 years. The 65-69 age group had the
highest relative risk (RR = 2.38) compared with the
reference group (85+ age group). The birth cohort
effect showed a consistent decline in the incidence rate

WJG|www.wjgnet.com

Mortality rates of UGIC in Hebei Province, 1970s-2013

A decreasing trend in the mortality rates of UGIC
was observed in the period from 1973-1975
(50.53/100000) to 2013 (40.21/100000). The mor
tality rates increased slightly from the 1970s to 1990s
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Table 2 Mortality rates of upper gastrointestinal cancer in Hebei Province from the 1970s to 2013
1973-1975
Deaths
Crude rate (1/105)
ASR China (1/105)
ASR World (1/105)
Ratio (%)
Median age (yr)

1990-1992

2004-2005

2013

Both

Male

Female

Both

Male

Female

Both

Male

Female

Both

Male

Female

72347
50.53
57.61
58.07
51.29
66.15

49516
67.68
79.19
80.04
58.14
65.78

22831
32.61
36.29
36.30
40.86
67.04

10429
53.72
65.24
65.62
47.00
66.22

7049
70.82
90.35
91.02
49.75
65.81

3380
35.72
41.46
41.45
42.13
67.11

7103
51.24
45.84
46.01
38.55
68.09

4927
69.16
64.49
64.75
41.94
67.64

2176
32.29
27.71
27.70
32.59
69.23

4498
40.21
32.76
32.63
27.64
70.39

3000
52.54
44.86
44.77
29.55
69.21

1498
27.35
21.28
21.03
24.49
72.95

ASR China: Age-standardized rate based on China’s standard population (2000); ASR World: Age-standardized rate based on the world standard
population.

5.00

70.00

1973-1975
1990-1992
2004-2005
2013

60.00

4.00
Relative risk

50.00
3.00

40.00
30.00

2.00

20.00

1.00

10.00

0.00
2004-2008

1994-1998

1979

1969

1959

1949

1939

1924

1914

1904

75-

85+

65-

55-

45-

35-

25-

0.00
Crude rate

Proportion

Figure 4 Mortality of upper gastrointestinal cancer in Hebei Province from
the 1970s to 2013.

Figure 3 Estimation of age, period and birth cohort effects on the upper
gastrointestinal cancer incidence in Cixian, 1989-2013.

World ratio between the high-risk areas and non-highrisk areas was lower than those from the three death
survey periods (3.95, 4.94 and 4.17, respectively)
(Table 3).
According to the graph depicting the age-specific
rates in different periods, the periods from 1973-1975,
2004-2005 and 2013 had similar trends. Beginning
with the 45-49 age group, the mortality rate of UGIC
increased. The mortality rate reached the peak in the
80-84 age group. In contrast, the mortality rate of
the 70-74 age group was highest from 1990-1992.
The age-specific mortality rates were lower in 2013
than in 1973-1975, 1990-1992 and 2004-2005 for
those younger than 75 years of age but dramatically
increased thereafter, with reports of mortality rates
higher than the rates in the three sampling surveys of
national causes of death (Figure 5).

and then dropped sharply. In Hebei Province, the data
from the four periods of the death survey indicated
that the mortality rate in 2013 had decreased by
20.42%, 25.15% and 21.53% compared with the
three periods from the national sampling surveys
of causes of death (1973-1975, 1990-1992, and
2004-2005, respectively). Age standardization
decreased the rates by 43.81%, 50.27% and
29.08%, respectively. For males, the ASR World in
1973-1975 (80.04/100000) was 1.79 times higher
than that in 2013 (44.77/100000). In females, the
rate decreased from 36.30/100000 in 1973-1975
to 21.03/100000 in 2013 (Table 2, Figure 4). The
proportions of UGIC among all types of cancers were
51.29%, 47.00%, 38.55% and 27.64% during the
periods from 1973-1975, 1990-1992, 2004-2005,
and 2013, respectively, and showed a stepwise
decrease, especially for males. The mortality rates of
UGIC dropped in both the high-risk and non-high-risk
areas from the 1970s to 2013. The mortality rates in
2013 decreased by 57.26%, 54.17% and 29.44% in
the high-risk areas compared with the three periods
from the sampling surveys of national causes of death
(1973-1975, 1990-1992, and 2004-2005) and by
55.02%, 39.67% and 21.65% in the non-high-risk
areas, respectively. The mortality rates in the highrisk areas were 3.76 times higher than those in the
non-high-risk areas in 2013. Additionally, the ASR

WJG|www.wjgnet.com

ASR World

Median age at death of UGIC patients in Hebei Province,
1970s-2013

The median age at death caused by UGIC gradually
increased. The median was 66.15 years in 1973-1975
and 66.22 years in 1990-1992.The median age at
death increased from 68.09 years in 2004-2005 to
70.39 years in 2013. The median age at death for
females increased to 72.95 years in 2013.
There was a notable delay in the median age at
death caused by UGIC from the 1970s to 2013 in the
high-risk areas. The median age of death was delayed
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Table 3 Mortality rates of upper gastrointestinal cancer in high-risk areas and non-high-risk areas of Hebei Province from the 1970s
to 2013
1973-1975

1990-1992

2004-2005

2013

ASR Median
ASR Median Deaths Crude
ASR Median Deaths Crude
ASR Median Deaths Crude
Deaths Crude
age
World
rate
age
World
rate
age
World
rate
age
World
rate
5
5
5
5
5
5
5
5
(1/10 ) (1/10 ) (yr)
(1/10 ) (1/10 ) (yr)
(1/10 ) (1/10 ) (yr)
(1/10 ) (1/10 ) (yr)
High-risk areas
Male
2975
Female
1536
Both genders 4511
Non-high-risk areas
Male
46541
Female
21295
Both genders 67836

214.94
118.93
168.60

286.44
150.76
218.69

62.99
64.70
63.54

3182
1645
4827

189.69
98.63
140.79

300.62
133.82
203.94

62.91
64.55
63.48

2005
910
2915

158.63
76.25
118.62

188.08
80.50
132.47

65.46
67.21
66.01

969
489
1458

143.19
75.68
110.22

131.41
59.43
93.46

69.22
73.04
70.37

64.85
30.99
48.28

76.49
34.39
55.34

65.95
67.22
66.32

3867
1735
5602

46.73
22.26
35.04

58.14
24.85
41.26

66.10
66.36
66.18

2922
1266
4188

49.87
22.83
36.72

45.00
18.91
31.77

67.12
68.11
67.41

2031
1009
3040

40.36
20.89
30.82

34.22
15.91
24.89

69.21
72.91
70.40

ASR World: Age-standardized rate based on the world standard population.

Table 4 Mortality data analysis of upper gastrointestinal cancer via the grey system model in Cixian and Shexian
Year

t

Cixian
Mortality rate

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

700.00

124.88
129.78
123.73
118.66
112.34
102.87
115.50
110.93
106.87
106.18
104.29
102.42
100.59
98.80

Error

Mortality rate

-7.13
-3.27
-0.35
3.85
11.25
-3.42
-0.85
1.24
0.00

156.08
158.66
150.89
145.89
167.40
168.63
148.73
147.39
138.28
139.88

Predicted rate

Error

160.24
159.62
164.62
172.49
156.75
137.70
136.52
134.65
139.90
141.57
139.64
137.73
135.85
133.99

-1.57
-8.73
-18.73
-5.09
11.88
11.02
10.88
3.63
-0.02

1973-1975
1990-1992
2004-2005
2013

600.00
Mortality (1/100000)

113.41
117.74
126.51
123.38
122.51
123.59
99.45
114.65
112.17
106.87

Shexian

Predicted rate

500.00
400.00
300.00
200.00
100.00
0.00
0-

5-
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Figure 5 Age-specific mortality rates of upper gastrointestinal cancer in Hebei Province from the 1970s to 2013.

Mortality rate prediction for UGIC in Cixian

by 6.84 years in the high-risk areas compared to only
4.08 years in the non-high-risk regions. The median
age at death for females was delayed by 8.34 and 5.69
years in the high-risk areas and non-high-risk areas,
respectively. In 2013, the median age at death in the
high-risk areas (70.37) was similar to that in the nonhigh-risk areas (70.40).
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The mortality rate of UGIC in Cixian was 113.41 per
100000 in 2004. The mortality rate decreased to
106.87 per 100000 in 2013. The GM (1, 1) equation
-0.01802(t-1)
was Y t = -6992.90e
+ 7106.31, which
predicted that the mortality rate of UGIC in Cixian
would decrease to 98.80 per 100000 in 2018, with a
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Figure 6 Mortality rate prediction of upper gastrointestinal cancer via the grey system model in Cixian and Shexian.

maximum relative error of 9.10%. The C was 0.58,
and the P was 0.78, which indicated that the model
was qualified (Table 4, Figure 6).

consumption and UGIC (esophageal cancer, RR = 0.60;
[18,19]
gastric cancer, odds ratio (OR) = 0.43)
. An intake
of cereal fibre was significantly inversely associated
[18]
with the risk of cancers of the gastrointestinal tract .
One recent study showed that insufficient consumption
of fresh fruits may be a serious risk factor in Hebei
Province, and the dietary fibre intake was only 37.3%
[20]
of the reference intake from 2010-2013 . Heavy
smoking and chronic alcohol consumption were
[21]
reported to be major risk factors for UGIC . People
who were current cigarette smokers were associated
with an increased risk of esophageal cancer (RR = 1.67)
and gastric cancer (RR=1.60) compared with people
[22]
who had never smoked . In China, the smoking
rate was 52.9% for males, and the second-hand
smoking rate was approximately 72.4%, which was
[23]
significantly higher than the global level . In Hebei
Province, the cigarette smoking rate was 26.08% for
[24]
both genders and 48.09% for males . Additionally,
the smoking prevalence is still increasing. According
to an investigation on alcohol consumption in adult
[25]
residents in Hebei Province , the total drinking rate
was 41.1% and was higher in males (71.8%) than in
females (19.7%). Males were the primary population
that drank alcohol. Because maintaining good life
habits is necessary for health, we suggest that people,
especially males in rural areas, quit smoking and limit
alcohol consumption.
Economic, environmental and genetic risk factors
can also lead to the high incidence and mortality
[26-28]
rates of UGIC
. UGIC is a disease of the poor
and the socially disadvantaged. A large number of
epidemiological studies have confirmed that the UGIC
risk is higher in populations with a lower socioeconomic
status due to limited medical care, limited education
[29-33]
and poor living conditions
. Almost 78% of the new
cases occurred in rural areas of Hebei Province in 2013.
The per capita annual net income of urban households
(¥17278) was approximately 2.64 times higher than
that of rural households (¥6539) in Hebei Province
[34]
in the 2010s . The low income sets constraints on
the involvement of the population in health care for

Mortality rate prediction for UGIC in Shexian

The mortality rate of UGIC in Shexian was decreased
by 10.38% from 2004 to 2013. The GM (1, 1) equation
-0.01376(t-1)
was Yt = -11725.81e
+ 11881.89, which
predicted that the mortality rate of UGIC in Shexian
would decrease to 133.99 per 100000 in 2018, with a
maximum relative error of 12.84%. The C and P were
0.94 and 0.44, respectively, indicating that the model
was up to standard (Table 4, Figure 6).

DISCUSSION
This study is the first to examine the incidence and
mortality trends of UGIC in Hebei Province, China. The
study collected data from 21 population-based cancer
registries covering 15.25% of the total population
of Hebei Province in 2013, which had not achieved
maximal coverage in this province to date. The aim
was to provide epidemiological evidence for developing
strategies to control UGIC. The crude incidence
rate of UGIC was 55.47/100000 in Hebei Province,
which was approximately 1.06 times higher than the
rate in the Chinese population (52.45/100000) and
[1,2]
far higher than the global rate (19.95/100000) .
In Hebei Province, newly diagnosed UGIC cases
comprised 24.62% of all cancer types, whereas the
cases accounted for only 10.0% of all cancer types
worldwide. The mortality rate of UGIC in males in the
rural areas of Hebei Province was approximately 5.08
times higher than the global statistics. Males in rural
areas of Hebei Province were a population at high risk
of developing UGIC.
Our data showed that the burden of UGIC was
heavy in Hebei Province. UGIC resulted from lifestyle
habits, such as an unreasonable dietary structure,
tobacco smoking, alcohol drinking, smoked food
[13-17]
consumption and poor oral health
. A significant
inverse association has been reported between fruit
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the prevention or treatment of illnesses and injuries,
the possibility of a good education level, which would
improve their health awareness and lifestyle, the
ability to live in a favourable environment where they
could avoid exposure to bacteria, viruses and other
infection-causing agents, and their dietary choices.
One study identified risk factors for esophageal cancer
in residents of Hebei Province and showed that living in
rural areas (OR = 3.14) and eating mildewed food (OR
[35]
= 7.44) were risk factors for esophageal cancer .
A family history of cancer is an important risk factor
for UGIC. A first-degree family history of esophageal or
gastric cancer was significantly associated with UGIC
development, with an adjusted OR of 4.7 (95%CI:
[36]
2.6-8.4) . A study on residents of Hebei Province
found that having a family history of esophageal
cancer was a risk factor for this malignancy, with
[35]
an OR of 3.23 . In Cixian, a family history of
gastric cancer was shown to be a risk factor for this
[7]
malignancy (OR = 1.84) . Therefore, appropriate
screening strategies, especially for relatives of patients,
should be considered for the prevention and control of
UGIC in Hebei Province.
Moreover, UGIC was associated with geographic
[8]
factors. Liang et al showed that the nitrate, nitrite,
nitrogen and ammonia levels in high-risk areas of
Hebei Province were seven times higher than those in
low-risk regions and exceeded the national standards
[6]
for drinking water. Cao et al also found that the
nitrate level in Shexian (a high-risk area), Hebei
Province was five times higher than that in Chicheng
County (a low-risk area) and that the nitrogen and
ammonia levels in Shexian were also higher. This
finding suggests that nitrate and ammonia were
important risk factors for UGIC. Therefore, we should
improve drinking water quality and provide safe water
to the high-risk areas of Hebei Province.
The mortality rate of UGIC in Hebei Province
dropped from the 1970s to 2013. In Hebei Province,
the data from the four periods of the death survey
indicated that the mortality rate in 2013 had decreased
by 20.42% compared with the mortality rate in
1973-1975 in the sampling survey of national causes
of death. In both high-risk and non-high-risk areas,
the mortality rates of UGIC dropped from the 1970s
to 2013, although the rates declined more in the highrisk areas than in the non-high-risk areas.
The age-specific mortality rate was lower in 2013
than in 1973-1975, 1990-1992 and 2004-2005 for
individuals younger than 75 years but was dramatically
increased in the 75-79 age group. This latter group
had an age-specific mortality rate in 2013 that was
higher than the rates in 1973-1975, 1990-1992 and
2004-2005, showing the ageing population trend. At
present, as economic growth drives the standards of
living higher, the median age at death caused by UGIC
increases. The median age at death caused by UGIC
increased approximately 4 years from the 1970s to
2013. This rate is increasing faster in high-risk areas
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than in non-high-risk areas; indeed, the median age
at death in high-risk areas (70.37) was basically the
same as that in non-high-risk areas (70.40) in 2013.
This finding indicated that we had achieved a great
success in the screening, early detection and treatment
of UGIC in Hebei Province, especially in high-risk areas.
Additionally, diagnosis and treatment have improved,
which can extend people’s lifespan. However, we need
to continue efforts to reduce the mortality rate.
The prognosis of UGIC is poor. The main reason
is that most cases are asymptomatic during early
stages and thus are detected at an advanced stage
when they are no longer amenable to surgical
resection. Therefore, screening and treating patients
with upper gastrointestinal precancerous lesions is
important for preventing the development of UGIC
in high-risk individuals. Cixian and Shexian have
been chosen as demonstration bases for the early
detection and treatment of UGIC. Endoscopy with
mucosal iodine staining is a sensitive technique to
identify clinically relevant UGIC. Since 2000, a national
screening programme using endoscopy with mucosal
iodine staining and an index biopsy combined with
a pathological examination to confirm and stage the
disease has become available at 17 sites in Hebei
Province, including Cixian and Shexian. At present,
25000 high-risk individuals in Hebei Province are
screened every year. The screening programme has
reduced the total cancer mortality rates in the Cixian
and Shexian populations and may be one reason for
the decreasing trend of mortality.
We showed the age, period and birth cohort effects
of the condition in Cixian from 1989 to 2013 via an
age-period-cohort model. The age and cohort effects
played an important role. People aged between 65
and 69 years were a population at relatively high risk
for UGIC. The total trend of the cohort effect was a
decline, and the early birth cohort had higher risk of
developing UGIC. One reason could be that long-term
unhealthy lifestyle behaviours, such as heavy smoking,
chronic alcohol consumption, and a weakened immune
system, increased the birth cohort effect of the
incidence risk in rural areas during these time periods.
The period effect did not show large variation. Using
the grey system model, we found that the mortality
rates of UGIC in Cixian and Shexian exhibited a
downward trend that should be attributed to the early
diagnosis and treatment in these high-risk areas of
Hebei Province. The model predicted that the mortality
rates of UGIC would decrease to 98.80 and 133.99 per
100000 in 2018, respectively. However, we should still
enhance UGIC control and prevention measures.
In summary, the mortality rate of UGIC has been
decreasing over the past 40 years. However, UGIC was
the major cause of cancer death in Hebei Province.
Intensifying the primary prevention by adopting
a healthy lifestyle and the secondary prevention
with endoscopic iodine staining are priorities for the
reduction of the morbidity and mortality of UGIC in
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Hebei Province.
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Background

Globally, approximately 45% of upper gastrointestinal cancer cases (including
esophageal cancer and stomach cancer) occur in China. The incidence and
mortality proportions of these cancers account for approximately 19.8% and
23.3% of all malignancies in China, respectively. Hebei Province is recognized
as a high-risk area for upper gastrointestinal cancer.
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Research frontiers

In China, the burden of upper gastrointestinal cancer is heavy. However, few
studies have investigated the epidemiological trends of upper gastrointestinal
cancer. This research focused on the analysis of the real burden of upper
gastrointestinal cancer in Hebei Province and the trend in the high-risk regions
of Hebei Province and China to provide epidemiological evidence for developing
strategies to control upper gastrointestinal cancer.
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Innovations and breakthroughs

The study collected data from 21 population-based cancer registries covering
11185626 individuals in Hebei Province in 2013. The authors applied the ageperiod-cohort model to analyse the incidence rate of upper gastrointestinal
cancer in one high-risk area of Hebei Province (Cixian), and predicted the
mortality rates of upper gastrointestinal cancer in the high-risk areas of Hebei
Province (Cixian and Shexian) using a grey system model.
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Applications

This study investigated the real burden of upper gastrointestinal cancer in Hebei
Province. This study analysed the reasons why the incidence and mortality
rates of upper gastrointestinal cancer were higher in the high-risk areas than in
the non-high-risk areas and why the mortality rates decreased. The results will
provide reference values for upper gastrointestinal cancer control.
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The aim of this study was to provide epidemiological evidence for developing
strategies to control upper gastrointestinal cancer (UGIC), which is defined
as the principle cause of death in a large area of China(i.e., Hebei Province,
which has a risk that is 5.08 times higher than the estimated global risk). All of
the epidemiological data are of enormous importance since they represent the
basis for a smart health policy that should be oriented and balanced on actual
risk data for different regions and populations. The manuscript is well written
and organized.
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Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza

WJG|www.wjgnet.com

Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
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EDITORIAL

Dietary compliance in celiac disease
Hugh James Freeman
resolution of diarrhea, weight gain and normalization of
nutrient malabsorption. In addition, histopathological
changes also normalize, but this histopathological res
ponse appears to be time-dependent, sex-dependent
and age-dependent. Compliance to a gluten-free diet
is difficult and costly resulting in poor compliance and
only a limited clinical response. This poses a risk for
later long-term complications, including malignancy.
A major practical clinical problem is the assessment of
compliance to the gluten-free diet. Although symptoms
may resolve and serological antibody markers may
improve, multiple studies have documented ongoing
architectural disturbance and inflammatory change,
and with these continued inflammatory changes, a
persistent risk for long-term complications. Recent
immunological studies have suggested that peptides
can be detected in both urine and fecal specimens that
may be indicative of limited compliance. At the same
time, multiple biopsy studies have demonstrated that
complete normalization of the mucosa may occur in
some patients within 6 mo of initiation of a glutenfree diet, but more often, up to 2 years or more may
be required before repeated biopsies eventually show
mucosal recovery and mucosal healing.
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Core tip: Celiac disease is an immune-mediated
disorder that improves with a strict gluten-free diet.
Dietary compliance is essential for symptom resolution
and reduction of the risk of long-term complications,
including malignancy. Recent evidence suggests that
resolution of symptoms and normalization of serological
antibody markers on a gluten-free diet occurs, but
mucosal inflammatory changes may persist, a critical
risk factor for long-term complications. Several recent
biopsy studies have documented that the small in
testinal mucosa in adult celiac disease may completely

Abstract
Celiac disease is an immune-mediated disorder that
causes severe architectural disturbance in the small
intestinal mucosa of genetically-predisposed individuals.
Impaired absorption of multiple nutrients results
and diarrhea and weight loss develop. Evidence has
accumulated that a strict gluten-free diet can result in
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site, number of biopsies, laboratory preparation of
biopsy materials and histopathological interpretation.
Observer differences in interpretation, particularly if
applied to different classification schema, may occur
[5]
even among expert endoscopic biopsy pathologists ,
despite sampling and preparation of biopsy material at
a high level of technical skill in the clinical histopathology
laboratory.

normalize within months, but most require up to 2 years
or more to demonstrate mucosal recovery and healing.
Histopathological rates of resolution on a gluten-free
diet appear to be time-dependent, sex-dependent with
higher rates in females, and age-dependent, with lower
rates in the very elderly.
Freeman HJ. Dietary compliance in celiac disease. World J
Gastroenterol 2017; 23(15): 2635-2639 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i15/2635.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i15.2635

DIFFERENTIAL DIAGNOSIS
During histopathological evaluation, characteristic
changes may be noted. In symptomatic patients,
severe architectural changes are frequently observed
in duodenal mucosa that may suggest the diagnosis of
untreated celiac disease. Less significant architectural
changes may be detected, often in serologically-positive,
but asymptomatic, patients. A specific diagnosis,
based on initial biopsy findings alone, however, is not
possible, especially with the emergence of additional
[6]
causes of virtually identical histopathological changes .
In the past, other diseases, particularly infectious
agents, were recognized to cause the same pathological
changes, and more recently, medications have become
[7,8]
increasingly appreciated . Because celiac disease has
been recognized as a gluten-sensitive enteropathy, a
precise diagnosis usually depends on normalization on
a strict gluten-free diet. From a clinical perspective,
a response to a gluten-free diet in patients with a
relatively immediate response to a strict gluten-free
diet including resolution of diarrhea, significant weight
gain and normalization of blood and serological tests is
usually sufficient. Additional biopsy studies specifically
to confirm a celiac disease diagnosis may not always
be required. In some, biopsies may completely norma
lize within a period of 6 mo, while others may show
persistent structural and inflammatory changes for
extended periods. Often, in some, over more than 1 to
2 years on a strict gluten-free diet may be necessary for
[9,10]
repeated biopsies to normalize
.

INTRODUCTION
Celiac disease is an immune-mediated disorder in
duced by dietary ingestion of gluten-containing foods
[1]
in genetically-predisposed individuals . The disorder
causes small intestinal mucosal inflammatory changes
and altered architecture, often leading to impaired
[2]
nutrient absorption, diarrhea and weight loss . Se
veral extra-intestinal changes may also occur, or
represent the presenting clinical manifestation of
underlying occult celiac disease. Treatment currently
depends on consumption of a strict gluten-free diet
so that mucosal healing can occur and complications
minimized. Adherence to a strict gluten-free diet is
difficult, costly and compliance difficult to monitor,
but a balanced gluten-free diet should be based on a
combination of natural gluten-free foods and certified
manufactured gluten-free foods. Different factors may
influence compliance, particularly age at diagnosis, and
reported estimates of lack of compliance are highly
variable. Overall, it has been estimated that celiac
disease may occur in up to 1% to 3% of serologically[3]
tested or biopsy-screened populations .

DIAGNOSIS OF CELIAC DISEASE
Usually, duodenal mucosal biopsies are obtained
during upper endoscopic evaluation from symptomatic
[3]
patients . In some, serological testing has resulted in
a high degree of suspicion for possible celiac disease
leading to biopsy, while in others, macroscopic changes
during endoscopy may be considered abnormal,
although not specific, so that microscopic evaluation
is done. Biopsies are generally obtained from multiple
sites in the proximal duodenum, carefully oriented in
the endoscopy suite on filter paper, mesh or another
substrate, and submitted in a fixed state to the
pathology laboratory. Biopsies are then placed in
paraffin, serially sectioned through the biopsy core,
placed in a water bath, transferred to glass slides,
and finally, stained with routine materials, such as
hematoxylin and eosin. Several pitfalls in this process
[2,4]
have been previously described
and may lead to
over-diagnosis, under-diagnosis or misdiagnosis,
including insufficient biopsy sampling related to biopsy
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GLUTEN-FREE DIET TREATMENT
Compliance to a strict gluten-free diet is difficult
for the patient, but also difficult for the physician
specialist and specialist dietitian to monitor. In general
terms, young pre-school children are thought to be
the easiest to monitor because meal content and
preparation is largely in the control of their parents,
however, as children enter puberty and adolescence
with increasing autonomy to make dietary choices,
this control is gradually lost and monitoring may
[11]
become exceedingly difficult . Interestingly, adult
celiacs diagnosed before age 4 years were more
compliant compared to those with an initial diagnosis
[12]
after age 4 years . Factors related to the burdens
associated with the gluten-free diet in adolescence
[13]
have been recently examined elsewhere . In adults,
successful compliance is largely related to the degree
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of effort and interest of the patient, education and
constant re-education provided by the interested
physician and dietitian, and repeated monitoring that
ultimately becomes the responsibility of the patient.
In addition, referral to a specialist dietitian will aid in
ensuring diet is not only gluten-free, but nutritionally
adequate (as gluten-free diets may contain added
sugars and total fat). As sensitivity to gluten may be
highly variable, it would difficult to estimate a “safe
gluten threshold” in different individuals with celiac
disease. Online forms of intervention may also be
[14]
useful . In some settings, self-help groups may be
particularly valuable in providing information not only
related to sources of specific gluten-containing foods
and the gluten-free diet per se, but also the provision
of gluten-free recipes and other aids related to the
gluten-free diet. In the elderly, compliance sometimes
poses added difficulties, especially if the diagnosis is
first made during this older age and the prospect of
dietary re-training becomes problematic. The glutenfree diet may be difficult to pursue in some countries
that have limited access to gluten-free products,
or in settings where limited or minimal financial
[15]
support is available , especially from government
or other health care providers. Gluten-free diets are
generally costly and perceived cost remains a barrier
[16]
to adherence . In some countries, governments may
provide a stipend to alleviate costs or, alternatively,
consider the costs of a gluten-free diet as an annual
tax credit to the well-documented patient with biopsy[17]
defined celiac disease . Many restaurants and air
lines provide gluten-free food products, if requested,
assuming patients and caregivers are aware that these
may be available. Likely, public awareness and public
pressure on these different commercial venues related
to gluten-free products has increased, especially with
widening demands related to emergence of other socalled “non-celiac gluten intolerance” disorders. Finally,
some have indicated that labeling as “gluten-free” may
be problematic, especially for commercial products that
may contain small or trace amounts of gluten, and are
not strictly gluten-free.

malignant and non-malignant complications may
[19]
occur . In addition, celiac disease first diagnosed
later in life may also be associated with increased
[20]
celiac disease complications, including lymphoma ,
possibly reflecting a prolonged period of persistent
inflammatory change before a precise diagnosis of
celiac disease is eventually made and treated.

SEROLOGICAL ASSESSMENT OF
COMPLIANCE
Recognizing the futility of symptom resolution to ensure
disease remission, compliance has also been routinely
monitored with repeated serological evaluation.
Initially, this approach was thought to be useful, in
part, because an added biopsy to assess healing
might not be required. In some patients, particularly
pediatric-aged celiacs, this approach appeared to have
substantial appeal. Initial studies documented that the
levels of some antibodies, particularly IgA-antibodies to
tissue transglutaminase, endomysium or de-amidated
gluten peptide would fall on a strict gluten-free diet.
In most patients, this finding suggested that patient
compliance to the gluten-free diet was satisfactory.
Unfortunately, in many, even in those with completely
normal antibody levels, a second biopsy often showed
persistent inflammatory changes suggesting that
serological follow-up was an inadequate measure of
mucosal healing, even if dietary compliance appeared
[21-25]
to be satisfactory
. Additional recent studies have
also suggested direct measurement of gluten peptides
in fecal material may be done as a marker reflective
[26]
[27]
of dietary adherence . In a recent report , a high
percentage of celiac patients on a gluten-free diet
had detectable gluten immunogenic peptides in fecal
material suggesting significant limitations in food
questionnaires and serological tests for gluten-free
diet monitoring in celiac patients. Using this method
of fecal gluten detection, about 15% of children less
than 3 years of age to almost 40% of teenagers and
young adults had values suggesting non-compliance.
Interestingly, the same evaluation also found that a
higher proportion of male patients were not compliant,
possibly owing to milder symptoms in males or greater
[27]
control sought by females in the same age group . In
future, the relationship between levels of immunogenic
fecal peptides and degree of histopathological changes
in the intestinal tract may prove to be clinically useful,
but more studies are clearly needed to define sensitivity,
specificity, cut-offs and the role of microbiota and other
potentially intervening factors that may modify the
amount of fecal peptides.

CLINICAL ASSESSMENT OF
COMPLIANCE
Measurement of compliance has also emerged as
an important issue. Evidence suggests that a lack
of compliance results in ongoing or persistent infla
mmatory change in the small intestine, ultimately
resulting in a risk for complications related to untreated
or partially treated celiac disease. Severe architectural
biopsy changes may also occur in patients with celiac
disease even with minimal or no symptoms, indicating
that evaluation of symptoms alone is inadequate to
assess compliance and not truly predictive of biopsy
[18]
changes . In patients with celiac disease diag
nosed and then lost to follow-up or “neglected”, both

WJG|www.wjgnet.com

BIOPSY EVALUATION
A variety of studies ranging up to several years have
evaluated histopathological changes in celiac disease
follow-up biopsies following treatment with a gluten-
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[9,10,28-34]

free diet
. In general, complete mucosal healing
in adults may sometimes occur within 6 mo, even if
[10]
severe architectural disturbance is initially present ,
but for most, healing requires a much more extended
[10]
period on a strict gluten-free diet . Indeed, about 80%
or more of adult celiac disease patients show mucosal
recovery and healing after up to 2 years or more on
[9,10,28,31,34]
a gluten-free diet
. Higher percentages of
recovery and healing in adult women compared to adult
men were also recorded, regardless of the age range
[10]
evaluated . Finally, celiacs initially diagnosed late in life
[10]
tended to have lower rates of healing . Bottom line is
that complete mucosal healing occurs, but is time-, sexand age-dependent.

States) also suggest that northern latitudes may be
an added risk factor for clinical expression of celiac
[3,36]
disease
and future research may serve to explore
these observations.
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Abstract
Gastroenteropancreatic neuroendocrine neoplasms
(GEP-NENs) frequently present with distant metastases
at the time of diagnosis and the liver is the most
frequent site of spreading. The early identification of
metastatic disease represents a major prognostic factor
for GEP-NENs patients. Radical surgical resection, which
is feasible for a minority of patients, is considered the
only curative option, while the best management for
patients with unresectable liver metastases is still being
debated. In the last few years, a number of locoregional
and systemic treatments has become available for
GEP-NEN patients metastatic to the liver. However, to
date only a few prospective studies have compared
those therapies and the optimal management option
is based on clinical judgement. Additionally, locoregio
nal treatments appear feasible and safe for disease
control for patients with limited liver involvement and
effective in symptoms control for patients with diffuse
liver metastases. Considering the lack of randomized
controlled trials comparing the locoregional treatments
of liver metastatic NEN patients, clinical judgment
remains key to set the most appropriate therapeutic
pathway. Prospective data may ultimately lead to more
personalized and optimized treatments. The present
review analyzes all the locoregional therapy modalities
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(i.e. , surgery, ablative treatments and transarterial
approach) and aims to provide clinicians with a useful
algorithm to best treat GEP-NEN patients metastatic to
the liver.

metastases site represent key prognostic factors and
are associated with a significantly reduced overall
survival (OS) compared to patients without liver meta
[9]
stases . Experience indicates that the 5-year OS for
metastatic intestinal NENs is 56%-83% and 40%-60%
[7]
for pancreatic NENs .
The optimal management for patients with NEN
hepatic metastases remains controversial. Systemic
treatments [i.e., somatostatin analogs (SSAs),
interferon-alpha (IFNα), chemotherapy, targeted
therapy and peptide receptor radionuclide therapy
(PRRT)] have a limited role to obtain any significant
radiological objective response, but have shown to
be effective for disease stabilization. On the other
hand, surgery and other locoregional treatments (i.e.,
transarterial and ablative treatments) may obtain
significant radiologic response and symptom control but
no prospective studies have proved their impact on OS.
The optimal selection of palliative treatments for
patients with unresectable liver metastases is crucial
to improve their quality of life and prolong their OS.
To date, however, there is lack of data comparing the
efficacy and safety of these treatments and the best
multimodal approach for unresectable liver lesion is
still being debated. This study aims to define the state
of the art about the locoregional treatments of hepatic
metastatic NENs.
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Core tip: Gastroenteropancreatic neuroendocrine
neoplasms (GEP-NENs) frequently present with distant
metastases. In the last years, a number of treatment
has become available for advanced GEP-NENs and
the optimal management for these patients remains
to be established. While systemic medical therapies
and peptide receptor radionuclide therapy represent
effective options, they are usually palliative whereas
liver-directed treatments often represent the only
possibly curative therapy, even if not supported by
prospective trials. Considering the lack of randomized
trials comparing locoregional treatments in advanced
GEP-NEN, clinical judgment remains key to set the most
appropriate therapeutic pathway. Prospective data may
lead to more personalized and optimized treatments.
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AVAILABLE SYSTEMIC TREATMENTS IN
METASTATIC DISEASE: OLD, NEW AND
EMERGING THERAPIES
Somatostatin analogs and interferon-alpha

The high rate of somatostatin receptor (SSTR) ex
pression in GEP-NENs, in up to 80%-90% of cases,
[10]
provides the rationale for SSA therapies . Currently,
two synthetic analogs (octreotide and lanreotide) are
commercially available and are mostly used as monthly
[11]
depot formulations . SSAs bind with high affinity to
SSTR subtype 2 and with moderate affinity to SSTR
subtype 5; the somatostatin receptors activation
induces multiple intracellular transduction pathways,
which exert an inhibitory effect on hormonal secretion
[11]
and cellular motility . The reduction of hormonal
secretion explains the efficacy of SSAs in providing
symptomatic relief in patients with functioning GEPNEN.
Although the objective radiographic responses
associated with SSAs were rare, multiple phase-II
trials and retrospective series observed prolonged
OS and disease stabilization in a large proportion of
[12]
patients . These observations lead to the hypothesis
that SSAs exert an inhibitory effect on tumor growth.
In 2009 the PROMID study demonstrated that SSAs
slow the rate of tumor progression by controlling
tumor growth in patients with functionally active and
inactive midgut NETs. In this prospective placebocontrolled randomized study the treatment with

INTRODUCTION
Gastroenteropancreatic neuroendocrine neoplasms
(GEP-NENs) are a heterogeneous group of neoplasms
arising from the endocrine cells of the gastrointestinal
tract. Although rare, the worldwide incidence of the
neuroendocrine tumors is on the rise and ranges from
3.24/100000 in North Europe to 5.25/100000 in the
[1-3]
United States . GEP-NENs include both functioning
tumors, which may secrete different peptide hormones
(i.e., serotonin, insulin, gastrin, glucagon, and vasoa
ctive intestinal peptide), and non-functioning tumors,
which are often identified at more advanced stages.
GEP-NENs are classified as well-differentiated grade
1 and 2 neuroendocrine tumors (NENs G1 and G2),
and poorly differentiated grade 3 neuroendocrine
carcinomas (NEC G3), according to their Ki-67 pro
[4]
liferation index and mitotic count (Ki-67%) .
Up to 65%-95% of GEP-NENs present with distant
[5,6]
metastases at the time of diagnosis
and the liver
is the most frequent site of spreading, followed by
[7,8]
the lungs and bones . Tumor biology (grading) and
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octreotide LAR showed to significantly increase the
time to tumor progression as compared to the placebo
[13]
group (14.3 mo vs 6 mo) . The recent randomized
double-blind placebo-controlled CLARINET trial further
extended the indications for SSAs treatment in NEN
patients. It demonstrated a significantly prolonged
PFS for patients with advanced, well- or moderately
differentiated, non-functioning, somatostatin receptorpositive NENs treated with lanreotide as compared
to those administered with the placebo (median
not reached by the end of the study at 96 wk vs 18
mo). Furthermore, SSAs display a favourable toxicity
profile and tolerability, and therefore represent a
good first therapeutic option for most patients. The
ENETS guidelines suggest the use of SSAs as the
first-line therapy for patients with functioning and
non-functioning low-grade G1 and G2 GEP-NETs.
Alternatively, in case of disease progression to SSAs,
second-line treatments, such as IFNα, PRRT, mTOR
inhibitors or anti-angiogenic agents in combination
[14]
with SSAs, have been established . IFNα therapy
has been described as a systemic therapy for meta
static GEP-NEN given its anti-proliferative effect and
hormonal control. The anti-tumoral effect is attributed
to the inhibition of angiogenesis, induction of apoptosis,
[15]
[16]
and interruption of the cell cycle . Faiss et al
demonstrated that IFN-α has an anti-proliferative effect
comparable to lanreotide in advanced functional and
non-functional GEP-NENs. Moreover, the combination
of lanreotide plus IFNα had significantly improved
symptom control. However, the early combination of
SSAs and IFNα or anti-proliferative purposes is not
recommended given the IFN-α unfavorable toxicity
profile, thus IFNα is primarily indicated for patients
[7,16]
with somatostatin-negative tumors
.

metastatic pancreatic NEN treated with a temo
zolomide-capecitabine combination therapy. In this
study a favorable 18-mo PFS and 92% OS at 2
years were observed along with a tolerable toxicity
profile. Further prospective comparative studies on
this chemotherapy regimen are warranted. In cases
of metastatic NEC G3 a combination chemotherapy
using cisplatin/etoposide is recommended early,
[20]
regardless of the site of the primary tumor . So far,
there is no established second-line therapy for poorly
differentiated endocrine carcinoma.

Targeted therapies

The understanding of the molecular biology of NENs
has significantly improved in the last few years and,
more recently, a number of novel targeted agents have
emerged for the treatment of GEP-NENs patients:
[21]
everolimus , which is an inhibitor of the mammalian
[22]
target of rapamycin (mTOR), and sunitinib , which
is an tyrosine kinase inhibitor, are the most promising
ones and have been now approved for the treatment
of pancreatic NENs. mTOR is a serine/threonine kinase
that plays a crucial role in mediating cell growth,
proliferation, apoptosis, and angiogenesis; the mTOR
pathway has been recently demonstrated to be
[21]
frequently mutated in patients with pancreatic NET .
Everolimus is an orally active mTOR derivated from
rampamycin. It was initially evaluated in 30 patients
with carcinoid tumors and 30 more with pancreatic
NET received doses of 5 mg or 10 mg daily plus depot
octreotide. The overall tumor response rate of the
evaluable patients was 17% for carcinoid and 27%
[21]
for pancreatic NEN . Subsequently, the randomized
[21]
RADIANT 3 trial demonstrated everolimus to improve
the median PFS from 4.6 mo in the placebo arm to
11 mo in the treatment arm. The objective response
rate on the everolimus arm was 5%. Everolimus has
showed an acceptable safety profile. The most common
adverse effects among patients treated with everolimus
are: stomatitis, diarrhea, fatigue and rash. The most
commonly reported grade-3 or 4 adverse events are
stomatitis (7%), anemia (6%) and hyperglycemia
(5%). In addition, everolimus has been associated with
some serious adverse events, albeit rare, including
[21]
pneumonitis . NENs are usually characterized by
abundant vascularization, and different tyrosine kinase
inhibitors to be directed against VEGFR have been
evaluated in GEP-NENs. To date, sunitinib has shown
promising results in patients with advanced pancreatic
NENs. In a multinational phase-III study sunitinib has
demonstrated a significantly increased median PFS
[22]
(5.5 mo vs 11.4 mo) as compared to the placebo .
The study also demonstrated an improved objective
response rate (9.3% vs 0%) and OS rate (90% vs
75%) in the sunitinib arm, but it was terminated early
because of serious adverse events and deaths in the
[22]
placebo group (P < 0.001) . Among the patients
treated with everolimus the adverse events were:

Chemotherapy

Systemic chemotherapy using various cytotoxic agents
(i.e., streptozotocin, doxorubicin, 5-fluorouracil,
cisplatin, etoposide) is indicated for patients with
inoperable pancreatic NET, metastatic foregut NET
[17,18]
G2, and NEC G3 of any site
. To date, systemic
chemotherapy showed poor results for patients with
well-differentiated metastatic midgut NET, therefore
on these patients the current cytotoxic regimens are
[7]
not routinely used . The choice of specific chemo
therapeutic agents is primarily based on the degree
of tumor differentiation and location of the primary
tumor.
In pancreatic NENs streptozocin-based chemo
therapy regimens in combination with doxorubicin
and/or fluorouracil still represent the gold standard
and they are associated with overall tumor response
[18]
rates of 30%-40% . Recently, promising data on
temozolomide use in combination with other chemo
therapeutic agents on locally advanced or metastatic
[7]
[19]
pancreatic NENs have resulted . Strosberg et al
showed a high partial-remission rate of 70% for
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to manage them, metastases remain a therapeutic
challenge. Liver-directed treatments include: liver
surgery (either curative or cytoreductive), ablative
techniques (radiofrequency ablation, microwaves) and
chemoembolization by employing biological, cytotoxic,
or targeted agents either locally or systemically. Three
different patterns of liver metastasization may be
recognized and they determine the specific therapeutic
approach: (1) metastases confined to one liver lobe
or limited to two adjacent segments, which can be
resected by standard anatomical resection (20%-25%
of cases); (2) bilobar metastatic pattern, which can still
be approached surgically, including ablative approaches
(10%-15% of cases); and (3) diffuse and multifocal
[7,8]
(60%-70% of cases) .

stomatitis, diarrhea, fatigue and rash. The most fre
quent side effects were: gastrointestinal symptoms,
hypertension, asthenia and fatigue. Severe adverse
events (grade 3 or 4) were uncommon and the most
frequent were hypertension (10%) and neutropenia
[22]
(12%) .

Peptide receptor radionuclide therapy

The high expression of SSRs in neuroendocrine
neoplastic cells also gives the rationale for the use
of PRRT in NENs. SSAs are labeled with radioactive
peptides to convey radioactivity inside the tumor
cell, leading to the internalization of the somatostatin
receptor and radio-labeled analog complex. The use
of PRRT with the somatostatin analogs yttrium-90octreotide and 177Lu-octreotate has been explored
for NETs for more than a decade and, in the last few
years, PRRT has emerged with increasing evidence of
efficacy on metastatic disease. For patients that are
not eligible for surgery, PRRT is indicated for metastatic
or locally advanced, low-grade NETs (G1 or G2) with
positive expression of SSTR2, as demonstrated by
nuclear imaging techniques using 111In-octreotide
[23,24]
(octreoscan) or 68Ga-labeled peptides
. The two
most commonly used radiopeptides for PRRT, i.e.,
-octreotide and 177Lu-octreotate, produce diseasecontrol rates of 68%-94%, while partial or complete
objective responses were observed in up to 30% of
[25]
patients . In addition to the overt evidence of tumor
shrinkage, biochemical and symptomatic responses
are commonly observed and promising results have
been observed in terms of both progression-free
[23]
survival (PFS) and OS . The best objective responses
have been reported in gastroenteropancreatic NETs
with partial responses ranging from 9% to 29% and
[24,26]
complete remission from 2% to 6%
. Recently,
[27]
Strosberg et al
reported similar results from
the NETTER-1 trial, the first phase-Ⅲ multicentric
randomized controlled trial evaluating 177Lu-DOTA0®
Tyr3-Octreotate (Lutathera ) in patients with inoperable
midgut NENs with somatostatin receptor expression.
Indeed, the study showed a statistically significant
increase in PFS (65.2% vs 10.8%) and an objective
response rate (18% vs 3%) in patients treated with
®
Lutathera plus best supportive care as compared to
60 mg octreotide LAR at 20 mo. In addition the safety
profile has been proved acceptable with severe (grade 3
or 4) neutropenia, thrombocytopenia, and lymphopenia
[28]
occurring in 1%, 2%, and 9%, respectively .

Surgical resection of liver metastases

While surgery is the mainstay of therapy for localized
GEP-NENs, surgical management in advanced disease is
[29]
debated. Grandhi et al showed that the predominant
surgical factor impacting on OS was negative surgical
margins, thus the surgical option should always aim to
accomplish radical excision.
Nowadays, curative surgery (i.e., metastasectomy,
partial hepatectomy, and transplantation) is feasible for
a minority of patients. Patients are eligible for curative
surgery according to a series of indices: (1) tumor
biology and timing of metastasis; (2) location, size and
number of metastases; (3) absence of extrahepatic
[30-32]
disease; and (4) patients’ general health status
.
Although surgery appears to be the most suitable
[33]
approach for patients with resectable metastases , OS
has not shown a substantial improvement compared to
alternative options in a randomized trial. In 2009, the
Hepato-Biliary Cochrane group reviewed the published
literature and did not identify any randomized trials,
cohort studies, or case-control studies comparing
surgical vs non-surgical treatments. Nevertheless
the authors concluded that liver resection was the
mainstay for the curative treatment of NET patients
[34]
with resectable liver metastases . The data currently
available from some retrospective studies report a 5-year
OS of 60%-80% for patients who underwent curative
resection as compared to only 30% among GEP[35-37]
NEN patients with unresected liver metastases
.
Interestingly, the absence of extrahepatic disease seems
to be the main requirement to achieve a significantly
[38]
better prognosis .
The timing of the primary NEN excision of patients
with both liver metastasis and resectable primary NEN
is still being debated. Primary NEN excision prior to
liver metastases resection might result in prolonging
OS, however this evidence is documented only by
a few small uncontrolled retrospective case series.
No studies in the literature to date report oncological
outcomes for patients who underwent liver metastases
[39]
resection and subsequently primary NEN excision .
For selected patients who had the primary NET

LOCOREGIONAL TREATMENTS
As liver metastases are often accounted in the majority
of symptoms in NENs and represent a main prognostic
factor, therapies directed at metastases are essential
to the multi-disciplinary treatment of these patients.
However, despite the fact that over the last five
decades a number of procedures have been developed
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successfully excised but with liver metastases not
responding to surgery or alternative therapies, liver
[40]
transplantation can be considered .
For patients with unresectable liver metastates,
cytoreductive surgery is a relevant option in the
spectrum of strategies, even though it is still being
discussed. For symptomatic patients cytoreductive
surgery may play a role but a resection of at least
[29]
90% of the tumor is usually needed to be effective .
In these patients, quality of life is substantially affected
by endocrinopathies and pain due to the unregulated
hormone release and the mass effect on the adja
[41]
cent structures and organs . Cytoreductive surgery
relieves the patients from the burden of the majority
of symptoms and prolongs their overall OS with an
[42]
acceptable degree of morbidity and mortality .

free survival (DFS) and OS were 1.3 years and 6 years
respectively with liver tumor volume, symptoms, and
extra-hepatic disease as independent predictive OS
factors. In addition, the combination of resection and
RFA may achieve complete tumor removal. Finally, RFA
presents a favorable safety profile given its acceptable
[47]
morbidity (5%) and no 30-d mortality .
Very few studies are available for cryoablation and
alcoholization in NENs. Cryoablation is an alternative
thermoablation technique. The necrosis of neoplastic
tissue is obtained through direct and indirect mecha
nisms, such as mechanical injury caused by ice crystals
disrupting the cellular membranes and organelles
or as a consequence of vascular supply disruption
or due to cold-activated endonucleases triggering
[48]
apoptotic response . Only one study reported a
series of 13 patients with NETs who underwent hepatic
cryotherapy: 12 patients had the complete ablation
of all the visible tumors, with 2 recurrences at the
[49]
ablation sites and 12 survivors at 1-year follow-up .
The ultrasound-guided injection of ethanol, other
wise known as percutaneous alcohol injection (PAI),
performed into neuroendocrine metastases has been
[50,51]
described in some series
, even if histology was
not exclusive to NENs. In these studies the lesions
chosen for ethanol ablation are necessarily less than
3-5 cm in diameter and the cubic volume of alcohol
injected requires modeling the target tumor as a
sphere, but these estimations are more likely to be
accurate when the radius is shorter, and very small
metastases can be ablated with minimal collateral
damage to the surrounding liver. Therefore, PAI is best
used not as mono-therapy but rather as an adjunct to
newer ablative techniques when approaching tiny or
inauspiciously located metastases.

Ablative treatments

Ablative treatments include radiofrequency, micro
wave, cryoablation and alcoholization. Ablative tech
niques have shown to be effective in both relieving
the symptoms of NET liver metastases and achieving
[28]
local control of the metastases . Radiofrequency
ablation (RFA) is a medical procedure by which the
liver metastatic tissue is ablated using the heat
generated from medium-frequency alternating current
(in the range of 350-500 kHz). Thermal ablation can
be reached through microwave, a non-ionizing form
of radiation that generates very high temperatures in
very short timeperiods, potentially leading to improved
treatment efficiency and larger ablation zones:
thus, microwave ablation is emerging as a valuable
alternative to radiofrequency ablation in the treatment
[43]
of hepatic malignancies . Radiofrequency ablation
(RFA) and microwave ablation are the most favored
techniques to address neuroendocrine liver metas
tases and 5-year OS rates of up to 53% have been
[44]
reported . Radiofrequency ablation and microwave
ablation may be performed either percutaneously
or laparoscopically as part of a multi-modality treat
ment (in association of surgery) or as alternative,
for patients who are not eligible for major surgical
[45]
procedure . Ablative techniques are most effective in
patients with a low tumor volume (lesions between 1
and 5 cm) and best indicated for a limited number of
[8]
metastases (< 5-6 lesions) . Liver ultrasonography is
carried out to detect the lesions that may be amenable
to this treatment. The tip of the radiofrequency ther
moablation catheter is placed onto the metastasis and
the prongs are set. RFA is based on radiofrequency
waves converting into heat. Often, a few sessions are
needed to achieve the required temperature and totally
[46]
ablate the lesion . The size of the tumor is the factor
that most affects the effectiveness of the treatment. A
[46]
study by Akyildiz et al showed that laparoscopic RFA
can achieve symptom relief in 97% of patients with a
high risk of recurrence of 22% for local liver recurrence
and 63% new liver metastases. The median disease-
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Transarterial treatments

The rationale of ablative treatments is based on the
observation that GEP-NEN metastases are usually highly
vascular and are supplied by the hepatic artery while
the normal liver parenchyma receives the majority of its
blood supply from the portal vein (Figure 1). The arterial
occlusion to induce ischemia and necrosis of metastatic
liver lesions may be obtained percutaneously through
the femoral artery and the subsequent transarterial
embolization (TAE) of the hepatic artery, or with the
intra-arterial administration of bland chemotherapeutics
(transarterial chemoembolization, TACE) (Figure 2),
or chemotherapeutic drugs eluting beads (TACEDEB). Transarterial radioembolization (TARE) with
yttrium-90 (Y-90) microspheres represents a further
viable strategy to delivery targeted radiation therapy to
liver metastases. The Y-90 microspheres are injected
through the hepatic artery to the pre-capillary level of
the liver metastases, where they become trapped and
release internal radiation. This concept minimizes the
[52]
amount of radiation towards the normal hepatocytes .
Transarterial treatments are indicated when surgery
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may be recognized and they determine the specific
therapeutic approach: (1) metastases confined to one
liver lobe or limited to two adjacent segments, which
can be resected by standard anatomical resection
(20%-25% of cases); (2) bilobar metastatic pattern,
which can still be approached surgically, including
ablative approaches (10%-15% of cases); and (3)
[7,8]
diffuse and multifocal (60%-70% of cases) .

DISCUSSION
Over the last few years, alongside surgery and SSAs,
different locoregional and systemic therapies have been
developed for advanced GEP-NENs (Table 1). However,
given the novelty of these new therapies, only a few
comparative studies have been carried out to date and
no randomized clinical trials are yet available. Thus,
the appropriate selection and sequencing of treatment
approaches depends mostly on clinical judgment. For
metastatic NEN patients the best approach should
take in consideration several factors, including the
tumor features (i.e., tumor grading and staging), liver
metastasization patterns (mono or bilobar disease, size
and number of lesions), the presence of extrahepatic
disease, patient characteristics (i.e., performance
status, age and co-morbidities) as well as the patient’
s perspective. In general, the choice of different
treatments should take in account the long-term aim,
i.e. curative/cytoreductive intent vs disease control.
To date, a few treatments (i.e. surgery, RFA,
PRRT and chemotherapy) have proved to achieve
a significant radiological objective response in GEPNENs, thus these treatments should be preferred for a
curative intent. In contrast, SSAs, IFN-α, and targeted
therapies have showed to obtain disease stabilization
and to improve PFS in phase-Ⅲ clinical trials. In this
evolving setting the role and timing of locoregional
liver-directed therapies is still under debate, as to date
no prospective clinical trials have demonstrated any
significant OS improvement.
SSAs are usually recognized as the first line of
therapy in advanced GEP-NENs due to their favorable
[13]
safety profile and established benefit on PFS . In case
of stable disease and localized hepatic metastases,
surgical resection with radical intent (R0) should be
[57,58]
advised
. Complete resection (R0) for both midand hindgut tumors is associated with better long-term
[59]
OS , with reported 5-year OS and PFS of 70.5%
[60]
and 29% respectively in retrospective studies .
However, GEP-NEN liver metastases have a high rate
of recurrence after hepatic resection, up to 70%-94%
[5,61]
at 5 years
. The impact of hepatic resection on OS
remains difficult to assess because of the potential
selection bias, as the patients with a more extensive
burden of disease, a worst performance status,
advanced age and with severe co-morbidities tend
[62]
to be conservatively managed . Although surgery
appears to improve OS, the data to avail are mostly

Figure 1 Arteriography of voluminous liver metastases secondary to an
ileal neuroendocrine neoplasms.

A

B

Figure 2 Computed tomography scan showing massive liver metastases
in a patient with an ileal primary NET before (A) and after (B) transarterial
chemoembolization procedure.

is not feasible for tumor reduction in functioning and
non-functioning NENs. These procedures can be
repeatedly performed until satisfactory disease control
[7]
is achieved .
The main contraindications to transarterial treat
ments are: portal vein thrombosis, liver failure and/or
[53]
severe co-morbidities . Others contraindications
are the Whipple procedure and hepato-pulmonary
shunts due to the increased risk of morbidity (e.g.,
[7]
liver abscess) and mortality . The most common side
effects include: nausea and vomiting, right-upper[54]
quadrant pain, fever, and elevation of transaminases .
In addition, post-embolization syndrome is often
observed. Major side effects are: gallbladder necrosis,
hepato-renal syndrome, pancreatitis, liver abscess, and
formation of aneurysms. However, in an experienced
center the mortality rate is acceptable (0%-3.3%).
The complete or partial response for symptoms
and imaging occurred in 73%-100% and 33%-50%
[54,55]
of the patients respectively
. The 5-year OS rates
from several studies using TACE were 50%-83%, and
similar outcomes were reported for TAE with 5-year OS
[55]
rates between 40% and 67% . For TARE a response
[56]
rate was reported as high as 70%-90% .
Three different patterns of liver metastasization
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Table 1 Main indications for locoregional treatments with associated data on safety and survival
Treatment

Indication

Safety

Survival

1

Surgery

Simple pattern of liver metastases, G1/G2 neoplasms, no or
Mortality rate 0%-5%,
5-yr survival of
minimal extrahepatic disease, preserved liver function, absence
morbidity close to
60%-80%[36,37]
[7]
of right heart insufficiency, PS 0-1.
30%
Curative Intent:
Unilobar metastases or limited to two adjacent segments.
Cytoreductive:
Bilobar metastatic pattern < 25% (90% of disease resectable,
symptomatic patients).
Ablative treatments
Patients not eligible for major surgery, preserved liver function, Morbidity 5%, no 30-d
5-yr survival up to
simple pattern of liver metastases, lesions between 1 and 5 cm,
mortality[47]
53%[44]
limited number of metastases < 5-6 lesions.
Transarterial techniques: transarterial Patients not eligible for major surgery, preserved liver function,
Mortality rate of
5-yr survival 40%-83%[55]
[55]
embolization, transarterial
diffuse pattern of liver metastases > 25%, symptoms.
0%-3.3%
chemoembolization transarterial
radioembolization
1

Data based on retrospective studies.

from retrospective studies and thus the clinical level of
evidence is low.
Both systemic and locoregional therapies are now
available to patients in progression after SSAs. However,
considering the often long life expectancy of patients
with GEP-NEN, the optimal timing of treatments is
crucial. Thus, the locoregional therapies should be
considered as second-line therapy for patients with
metastatic disease limited to the liver (or when the
liver represents the main site of disease) or in case of
[7]
evidence of disease progression limited to the liver ,
while systemic therapy should be reserved for patients
with extrahepatic disease progression. In addition,
locoregional therapies including cytoreductive surgery
have been recognized to be very effective in symptom
control, whereas, in contrast, second-line systemic
treatments have a limited role in symptomatic relief.
In the absence of randomized trials comparing
the OS impact of the different locoregional therapies,
or locoregional therapies and medical treatments or
[34]
PRRT , a possible therapeutic algorithm may be
based on liver disease extension and safety profile
(Figure 3).
De-bulking surgery (R2) may have a role in case
of low-grade (G1/G2) NENs with limited burden of
[7]
disease, when > 90% of the tumor can be resected .
Symptomatic patients benefit from cytoreductive
procedures, whereas their role in asymptomatic
[62]
patients is still debated . Improvements of specific
symptoms after cytoreductive surgery have been
[63]
reported with a median duration of 19.3-45.5 mo .
Moreover, a recent meta-analysis based on retro
spective studies comparing radical and palliative
surgery outcomes showed a non-significant difference
in OS HR = 0.40 (95%CI: 0.14-1.11), suggesting
that both the approaches may lead to relevant results
[62]
in NENs liver metastases . In addition, a paper by
[41]
Osborne et al
suggested the possible superiority
of palliative resection of hepatic metastases to
embolization.
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Alternatively, locoregional interventional radiology
techniques (TACE, TAE, TARE, RFA and MWA) are
[64]
indicated for patients who are not eligible for surgery .
A relevant role of RFA and MWA in symptom control
in presence of unresectable GEP-NEN liver metastases
[47]
has been reported . In addition, a recent systematic
review analyzing 8 studies and 301 patients, observed
symptoms control in 92% of cases after RFA lasting a
[44]
median of 14-27 mo . Similarly, TACE and TAE appear
able to control symptoms in 73%-100% of patients and
the duration of symptomatic response varied between
[55]
14 and 22 mo . Both techniques are feasible and
safe, however TACE/TAE may have some significant
[7]
morbidity .
While the role of the interventional techniques in
symptom control has been demonstrated, their effect
on OS is still a matter of debate. Indeed, the published
studies are mostly retrospective and include a small
[7]
number of patients . A retrospective study, comparing
103 patients who underwent surgical treatment (liver
RFA/resection) vs 273 patients who did not, showed
no differences in OS and disease-specific survival at 5
years, while the proportion of patients with progressive
[65]
disease was lower in the surgical group after 5 years .
However, the benefit of ablation on OS remains difficult
to demonstrate for patients who underwent several
subsequent lines of treatment.
Selective hepatic TAE or TACE can achieve complete
or partial objective responses in 33%-50% of the
patients. The 5-year OS rates from several studies using
TACE were 50%-83%, and similar outcomes have been
reported for TAE with 5-year OS rates between 40%
[55]
[65]
and 67% . In particularly, Mayo et al demonstrated
no difference in long-term outcomes between surgery
vs intra-arterial therapies for asymptomatic patients
with large liver tumor (> 25%), suggesting that intraarterial therapies may be the more appropriate therapy.
The data comparing intra-arterial therapies are
currently limited. TAE has most often been compared
to TACE, but no statistically significant differences
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Liver metastases
1
(G1/G2)
SSA
Unilobar, simple liver
metastases

SSA

Surgical
resection

Surgery
contraindicated

Complex pattern
(bilobar)

Diffuse liver
metastasis

Surgery
contraindicated

Symptomatic
patients

Surgical resection
± RFA

Ablation (RFA,
MWA)
TAE/TACE/TARE

TAE
TACE
TARE

Selected cases
(< 1%)
SSA (IFN)
PRRT
Everolimus
Sunitinib
(pancreas)
Chemotherapy
(pancreas)
Liver
transplantation

Figure 3 Treatment algorithm for advanced gastroenteropancreatic neuroendocrine tumors. 1Resection of primary, no (or limited) extrahepatic disease. SSA:
Somatostatin analog; IFN: Interferon; PRRT: Peptide receptor radionuclide therapy; TAE: Transarterial embolization; TACE: Transarterial chemoembolization; TARE:
Transarterial radioembolization; RFA: Radiofrequency ablation.
[29,45]

have been drawn
. The TACE-DEB outcomes seem
promising but serious complications, such as bilomas
[66]
and abscess formation, have been reported and they
led to the premature discontinuation of a phase-II trial
as serious adverse events. No studies in the literature
comparing TARE with Y-90 and intra-arterial therapies
are available. However, the main advantage of TARE
as enjoying the shortest hospital stay compared to
TAE and TACE, is established. Additionally, Y-90 has
the advantage of being delivered in a bilobar fashion,
which is helpful for patients with a more disseminated
disease.
An additional application of locoregional treatments
may be towards the downsizing of the tumor and
making it amenable to systemic treatments in order
to optimize the treatment effect on the remaining
neoplastic tissue. Finally, little evidence-based data is
currently available to guide the integration of all these
various treatment modalities.

therapy modalities (i.e., surgery, ablative treatments
and transarterial approach) with the aim to provide
clinicians with a useful algorithm to best treat GEPNEN patients metastatic to the liver.
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REVIEW

Hepatitis B virus infection and alcohol consumption
Ayako Iida-Ueno, Masaru Enomoto, Akihiro Tamori, Norifumi Kawada
hepatitis C virus (HCV), and alcoholic liver disease.
Owing to recent advances in direct-acting antiviral
agents, HCV can now be eradicated in almost all
patients. HBV infection and alcoholic liver disease are
expected, therefore, to become the leading causes of
HCC in the future. However, the association between
alcohol consumption and chronic hepatitis B in the
progression of liver disease is less well understood than
with chronic hepatitis C. The mechanisms underlying
the complex interaction between HBV and alcohol are
not fully understood, and enhanced viral replication,
increased oxidative stress and a weakened immune
response could each play an important role in the
development of HCC. It remains controversial whether
HBV and alcohol synergistically increase the incidence
of HCC. Herein, we review the currently available
literature regarding the interaction of HBV infection and
alcohol consumption on disease progression.
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Core tip: The mechanisms by which alcohol enhances
disease progression are less well understood in chronic
hepatitis B than in chronic hepatitis C. The association
of light-to-moderate alcohol consumption with clinical
outcomes in patients with chronic hepatitis B virus (HBV)
infection appears modest. Although the threshold
amount of alcohol for increasing hepatocellular car
cinoma (HCC) risk remains unknown, heavy alcohol
consumption significantly accelerates the progression
of liver disease to cirrhosis and, ultimately, HCC.
Alcohol abuse could impair the response to interferon-α
therapy in chronic hepatitis B patients, although not
fully confirmed, and can increase the risk of HCC even
in patients with low HBV DNA levels during nucleoside/
nucleotide therapy.
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Abstract
Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer, and the second most
common cause of cancer deaths worldwide. The
top three causes of HCC are hepatitis B virus (HBV),
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inflammatory cells release various profibrogenic
cytokines, including transforming growth factor-β,
and reactive oxygen species, which activate hepatic
stellate cells (Figure 1). This process is responsible
for deposition of the majority of excess extracellular
matrix (predominantly collagen types Ⅰ and Ⅲ).
The mechanisms of alcohol-induced liver damage
are complex and multifactorial. Ethanol is oxidized to
acetaldehyde, mainly by alcohol dehydrogenase (ADH)
in the hepatocyte cytoplasm. This is subsequently
oxidized to acetate by acetaldehyde dehydrogenase
(ALDH) in mitochondria. Acetaldehyde is highly toxic,
and plays an important role in protein, DNA and hybrid
adduct formation, prompting release of inflammatory
cytokines such as tumor necrosis factor-α (TNF-α) by
Kupffer cells, and contributing to immune responses
that produce antibodies against aldehyde adducts.
Acetaldehyde and aldehydes induce collagen synthesis
by activation of transforming growth factor-β-dependent
and independent profibrogenic pathways in which
cytochrome P450 2E1 (CYP2E1) and osteopontin are
involved, activating hepatic stellate cells to promote
[8]
fibrosis . CYP2E1 is another enzyme involved in the
initial steps of alcohol metabolism and its induction
is also a key response to alcohol intake, resulting in
an increased production of reactive oxidative species,
mainly hydrogen peroxide and superoxide anion. Oxy
gen radicals interact with fat molecules in a process
called lipid peroxidation. Lastly, alcohol-induced immune
abnormalities lead to increased intestinal permeability
to a variety of substances, including endotoxins such
as lipopolysaccharide, which stimulate Kupffer cells by
[9]
binding with the CD14 receptor to promote fibrosis .
On the other hand, HBV is not directly cytopathic;
the liver injuries seen in chronic HBV infection are
considered to be associated with the activity of HBVspecific CD8+ cytotoxic T cells. Cytotoxic T cells are
activated through the major histocompatibility com
plex, and proceed to kill infected cells by discharging
interferon-γ and TNF-α. HBV infection usually causes
inflammatory reactions characterized by the release of
cytokines and chemokines, such as interleukin (IL)-1
and IL-8, and TNF-α. The oxidative stress induced by
inflammation triggers Kupffer cells to promote stellate
cell activation via nuclear factor-κB and activator
protein 1. The persistent activation of these genes
promotes fibrosis, leading to cirrhosis, and finally to the
[10]
development of HCC .

INTRODUCTION
Primary liver cancer, predominantly hepatocellular
carcinoma (HCC), is the fifth most common cancer
worldwide and the second most common cause of
cancer deaths, accounting for about 745000 deaths
[1]
per year . Approximately 45% of cases studied could
be attributed to hepatitis B virus (HBV) infection, 26%
to hepatitis C virus (HCV) infection, 20% to alcoholic
liver disease, and 9% to other causes, including
nonalcoholic steatohepatitis, intake of aflatoxin[2]
contaminated food, diabetes and obesity . Although
a highly effective vaccine containing recombinant
hepatitis B surface antigen (HBsAg) has been available
since the early 1980s, HBV infection still affects some
240 million people globally, with the highest rates of
infection in Asia and Africa, and is a leading cause of
[3]
liver-related morbidity . In contrast, owing to recent
advances in direct-acting antiviral agents that target
[4,5]
specific nonstructural proteins of the virus , HCV
infection is expected to be a rare disease within the
[6]
next 20 years in the United States .
Alcohol abuse is another important public health
problem. Worldwide, about 38% of people aged
15 years or older drink alcohol, and those who do
drink consume on average 17 liters of pure alcohol
annually. The highest consumption rates of alcohol
are concentrated in Europe and other countries in the
Northern hemisphere. The World Health Organization
reported that about 3.3 million deaths, or 5.9% of
all global deaths, were attributable to excess alcohol
[7]
use . In particular, heavy alcohol consumption co
mmonly causes progressive liver fibrosis, which will
result in cirrhosis, and finally develop into HCC.
It is, thus, clinically important to determine whether
alcohol intake accelerates the progression of liver
disease in patients with chronic viral hepatitis (B or C).
However, the association of alcohol consumption with
chronic hepatitis B in the progression of liver disease
has been less extensively studied than that with
chronic hepatitis C. Herein, we review the available
basic and clinical literature on the impact of alcohol
intake on disease progression and treatment outcome
in patients with chronic hepatitis B.

Interplay between alcohol and HBV in liver disease
progression

Although the mechanisms underlying the complex
interaction between alcohol and hepatitis virus in
fection in the progression of liver disease are not fully
understood, possible explanations include effects on
viral replication, increases in oxidative stress, and a
[11]
weakening of the immune response .
[12]
Larkin et al
reported that in HBV transgenic

BASIC BACKGROUND
Mechanisms of alcohol- and HBV-induced liver damage

In general, once chronic liver injury of any etiology
(hepatitis virus infection, alcoholic and nonalcoholic
fatty liver disease) has occurred, damaged hepatocytes,
activated sinusoidal cells, platelets, and recruited
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Kupffer cells

Endothelial cells

HBV, HCV,
alcohol, fat

Quiescent
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Figure 1 The mechanisms of activation of hepatic stellate cells during chronic liver injury, resulting in synthesis of excess extracellular matrix. Once
chronic liver injury has occurred, damaged hepatocytes, activated sinusoidal cells, platelets, and recruited inflammatory cells release various profibrogenic cytokines,
which activate hepatic stellate cells, resulting in synthesis of excess extracellular matrix, such as type Ⅰ and type Ⅲ collagens. ECM: Extracellular matrix; IL:
Interleukin; PDGF: Platelet-derived growth factor; TGF-β: Transforming growth factor-β; TNF-α: Tumor necrosis factor-α.

C.B-17 SCID mice fed a standard Lieber-DeCarli
ethanol liquid diet, elevated levels of HBV RNA as
replicative intermediates, and increased expression
of HBs, core and X antigens were observed in the
liver. With ethanol, the level of HBsAg and of viral
DNA in serum increased by up to 7-fold compared
with mice fed the control diet. These findings may
provide a partial explanation for the effects of alcohol
on viral replication and the high frequency of HBV
markers observed among alcoholics. Similarly, Min
[13]
et al
showed that in human HepAD38 hepatoma
cells infected with HBV, 100 mmol ethanol treatment
approximately doubled the transcriptional activity
of HBV promoters by increasing the expression of
nuclear receptors such as hepatocyte nuclear factor-4α
and peroxisome proliferator-activated receptor-α. In
addition, CYP2E1-induced oxidative stress potentiates
the ethanol-induced transactivation of HBV.
[14]
Consistent with clinical observations, Ha et al
showed that alanine aminotransferase (ALT) was
elevated in both control C57BL/6J mice and HBx
transgenic mice fed a 25% ethanol liquid diet for 12
wk, relative to water-fed controls. HBx mice showed
1.4-fold higher levels of ALT than did controls and, in
histological evaluations, ethanol-fed HBx transgenic
livers showed more evident hepatocyte enlargement
and fatty changes compared to ethanol-fed control
livers, suggesting that HBx compromising of antioxidant
defenses promotes alcoholic liver injury.
[15]
Lastly, Geissler et al demonstrated that in female
BALB/c mice fed the Lieber-DeCarli diet, with 24%
of the total caloric intake from ethanol, followed by
DNA-based immunization with a plasmid construct
containing the pre-S2/S gene, the levels of antibody to
hepatitis B surface proteins (anti-HBs) were marginally
reduced compared with those in control mice. Cyto
toxic T lymphocytes and CD4+ T helper cells derived
from ethanol-fed mouse spleens responded poorly
to increasing concentrations of envelope protein and
peptides in vitro, suggesting that chronic ethanol
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consumption alters the cellular immune responses to a
viral structural protein. A weakened immune response
may result in not only persistent HBV infection, but
also an immune-tolerant state. On the contrary, excess
immune response can cause hepatitis exacerbations.
The relationship between the protective versus harmful
immune response in HBV infection remains to be fully
defined in the context of alcohol intervention.

LIGHT-TO-MODERATE ALCOHOL
CONSUMPTION AND DISEASE
PROGRESSION
Although it is well documented that HCV-positive
drinkers are 2 to 3 times more likely to develop HCC
[16-19]
than abstinent individuals
, whether HBV infection
and alcohol consumption synergistically increase the
incidence of HCC is still controversial. Table 1 summarizes
previous reports concerning the association of light-tomoderate habitual alcohol consumption with risk of HCC
in patients with chronic HBV infection. The large-scale,
prospective cohort REVEAL-HBV study in Taiwan, which
included more than 3500 patients (aged 30-65 years),
showed, during a mean follow-up of 11 years, that
elevated serum HBV DNA level (≥ 10000 copies/mL) is
an independent risk predictor of disease progression to
[20,21]
cirrhosis and HCC
. A regression analysis revealed
that male sex, older age, seropositivity for hepatitis B
e antigen (HBeAg), and habitual alcohol consumption
are also significantly associated with the development
of HCC. The adjusted HR (with 95%CI) for HCC was
1.6 (1.1-2.4) for habitual alcohol consumption, defined
[20]
as drinking alcohol ≥ 4 d per week for ≥ 1 year .
In contrast, as a predictor of progression to cirrhosis,
HBV DNA level was the strongest factor (RR = 10.6;
95%CI: 5.7-19.6) in a Cox proportional hazards model
adjusting for HBeAg status and serum ALT level, while
habitual alcohol consumption was not associated with
[21]
the risk for cirrhosis (RR = 0.8; 95%CI: 0.6-1.2) . In
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Table 1 Light-to-moderate habitual alcohol consumption and risk of hepatocellular carcinoma in patients with chronic hepatitis B
virus infection
Author (year)
Chen (2006)
Wang (2003)
Jee (2004)

Country

Design

n

Taiwan
Taiwan
South Korea

Prospective cohort study
Prospective cohort study
Prospective cohort study

3653 with HBV
2416 men with HBV
4495 men with HBV

Follow-up,
years
11
7.8
10

Alcohol intake

Relative risk
for HCC

Ref.

≥ 4 d/wk for ≥ 1 year

1.6
1.28
1.13

[20]
[23]
[24]

≥ 4 d/wk for ≥ 1 year

25 g/d

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

Table 2 Heavy alcohol consumption and risk of hepatocellular carcinoma in patients with chronic hepatitis B virus infection
Author (year)

Country

Design

n

Follow-up,
years

Alcohol intake

Relative risk
for HCC

Ref.

Donato (2002)

Italy

Case-control study

NA

≥ 60 g/d

2.13

[30]

Taiwan

Retrospective cohort
study

2.9-5.2

≥ 80 g/d for ≥ 5 yr

1.33

[31]

Japan

Prospective cohort
study

464 with HCC (including 92 with
HBV) vs 824 controls (including
44 with HBV)
632 cirrhotics with HBV and
alcohol vs 132 cirrhotics with
HBV alone
610 with HBV

4. 1

500 kg (cumulative)

8.37

[32]

Lin (2013)

Ikeda (1998)

NA: Not applicable; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

some other large-scale studies in Asia, results were in
[22-24]
good agreement
. Specific examples are that Wang
[23]
et al
conducted a prospective community-based
cohort study of 2416 HBsAg-positive and 9421 HBsAgnegative male residents in Taiwan for a mean follow-up
of 7.8 years, and found that HBsAg-positive men with
habitual alcohol consumption (≥ 4 d per week for ≥ 1
year) had an increased risk of HCC compared to HBsAgpositive men without habitual alcohol consumption, but
this was not significant (RR = 1.28; 95%CI: 0.78-2.10).
Another prospective cohort study in Korea that followed
4495 HBsAg-positive and 433239 HBsAg-negative men
for a median observation of 10 years suggested that
moderate alcohol consumption (≥ 25 g of ethanol per d)
raised the RR of mortality from HCC to 1.13 in HBsAg[24]
positive men but, again, not significantly .
Some study groups developed simple nomograms
based on clinical and laboratory variables for pre
dicting the risk of HCC in patients with chronic HBV
[25-28]
infection
. Increased age and higher HBV DNA level
were strong risk predictors of HCC development, and
were included in all nomograms; male sex and presence
of cirrhosis were included in some. Habitual alcohol
consumption was included only in the nomogram
[25]
derived from the REVEAL-HBV study cohorts . In that
nomogram, HBeAg-seronegative participants with high
HBV DNA loads (≥ 100000 copies/mL) and genotype
C infections had the highest risk of HCC, with 7 points
added to the overall score, whereas habitual alcohol
consumption had a smaller impact, with only 2 points
added.
Taken together, light-to-moderate habitual alcohol
consumption appears to have, at best, a modest

WJG|www.wjgnet.com

association with disease progression, with approxi
mately a 1.5-fold increased risk; this effect was not
always significant, especially in smaller studies.

HEAVY ALCOHOL CONSUMPTION AND
DISEASE PROGRESSION
Table 2 summarizes previous reports concerning the
association between heavy alcohol consumption and
risk of HCC in patients with chronic HBV infection.
Although there is currently no worldwide consensus,
heavy drinking is sometimes defined as consuming
more than 60 g/d of alcohol for men and 40 g/d for
[29]
[30]
women . In Italy, Donato et al
conducted a casecontrol study to investigate the dose-effect relationship
between alcohol consumption and HCC, separately,
in men and women. They enrolled 464 subjects with
a first diagnosis of HCC (including 92 with HBV) and
824 subjects unaffected by hepatic diseases (including
44 with HBV), and found a steady linear increase in
the odds ratio of HCC with increasing alcohol intake,
for values of > 60 g/d in both sexes. In addition, a
synergism between alcohol drinking and chronic HBV
infection was found, with the odds ratio of 2.13 in
HBsAg-positive drinkers consuming > 60 g per day,
compared to HBsAg-positive nondrinkers or drinkers
of ≤ 60 g/d. Similarly, in a retrospective cohort study
of 966 cirrhotic patients in Taiwan, with a mean followup period of 2.9-5.2 years, the annual incidence of
HCC was significantly higher in 632 cirrhotic patients
with HBV infection and heavy alcohol consumption
(≥ 80 g/d for ≥ 5 years) than in 132 patients with
HBV infection alone (9.9% and 4.1%, respectively, P
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< 0.001) for a RR of 1.33 . Likewise, a prospective
cohort study in Japan that followed 610 consecutive
HBsAg-positive patients for a median observation
period of 4.1 years found that cumulative alcohol
consumption ≥ 500 kg was independently associated
in a multivariate analysis with the carcinogenesis rate,
[32]
with a RR (95%CI) of 8.37 (2.70-25.93, P = 0.0002) .
[33]
Regarding mortality, Ribes et al followed 2352 HBsAgpositive patients for 20 years in a prospective cohort
study, and found that lifetime alcohol consumption (>
60 g/d) was associated with a 6-fold increase in the risk
of death from cirrhosis and HCC.
These studies indicate that heavy alcohol intake
increases the incidence of HCC in patients with chronic
HBV infection, although the risk threshold remains
uncertain.

and HBV DNA negativity. Long-term treatment with
lamivudine for a median duration of 32.4 mo can
[45]
prevent progression to end-stage liver disease .
[46]
Hosaka et al
conducted a retrospective casecontrol study using propensity matching, and found
that patients treated with 0.5 mg entecavir were
significantly less likely to develop HCC than those in
the control group (HR = 0.37; 95%CI: 0.15-0.91; P =
0.030). However, HCC can develop, even in patients
with sustained HBV suppression. In addition to older
age, presence of cirrhosis, HBeAg positivity, and low
5
3
platelet count (< 1.5 × 10 /mm ), cumulative alcohol
consumption > 200 kg was one of the significant
factors associated with HCC development, with a
multivariate adjusted HR (95%CI) of 2.21 (1.18-4.0).
In short, alcohol abuse could impair the response
to interferon-α therapy in chronic hepatitis B patients
as well as in chronic hepatitis C patients, and can
increase the risk of HCC even in patients with low HBV
DNA levels during nucleoside/nucleotide therapy.

ALCOHOL CONSUMPTION AND
OUTCOME OF ANTIVIRAL TREATMENT
Since high HBV DNA levels in serum are associated
with a higher risk of HCC, the primary aim of chronic
hepatitis B treatment is sustained suppression of viral
replication. HBV cannot be completely eradicated,
due to the persistence of covalently closed circular
DNA in the infected cell nucleus. Current guidelines
recommend antiviral therapy with pegylated interferon-α
or nucleoside/nucleotide analogues, including entecavir
[34-36]
and tenofovir, as first-line treatment
.
In HBeAg-positive patients, female sex, high serum
ALT level, low HBV DNA level, and genotype A were
associated with an increased likelihood of sustained
[37]
response to interferon-α ; there are no strong pretreatment predictors of viral response in HBeAgnegative patients. In patients with HCV, alcohol abuse
appears to decrease responsiveness to interferon
[38,39]
therapy, reducing both sensitivity and compliance
.
It was reported that increased oxidative stress from
alcohol consumption can impair the cellular response
to interferon-α through interference with the JAK-STAT
[40,41]
pathway
. Although there are no data concerning
an association between alcohol consumption and
treatment outcomes in patients with HBV, probably
because fewer patients receive interferon for treatment
of chronic hepatitis B, excess alcohol could reduce the
efficacy of interferon therapy by the same mechanisms
reported for patients with HCV.
In patients receiving nucleoside/nucleotide
analogues, high serum ALT levels, high histological
activity index scores for necroinflammation, and low
HBV DNA levels are pre-treatment factors predictive
of favorable biochemical, serological and virological
[42,43]
responses
. Regarding alcohol consumption, Chung
[44]
et al
reported that hazardous drinking (defined as
a score of 8 or more on the Alcohol Use Disorders
Identification Test) had no significant impact on the
short-term outcome of 12 mo of entecavir treat
ment, measured as the rate of HBeAg seroconversion
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GENETIC FACTORS
Albeit still controversial, some reports have associated
genetic variants with disease progression. Table 3 is
a brief summary of reported genetic polymorphisms
potentially associated with increased risk of alco
holic liver disease. In subjects with ADH2*1/*2 or
ADH2*1/*1, the rate of ethanol metabolism is lower,
compared with those having ADH2*2/*2. ALDH2
gene polymorphism can determine flushing after
ethanol ingestion. Flushing was reported in subjects
homozygous for ALDH2*2/*2 and heterozygous
for ALDH2*1/*2, but not in those homozygous for
[47]
ALDH2*1/*1 . Concerning polymorphisms of the
CYP2E1 gene, subjects heterozygous for the promoter
alleles C1/C2 or homozygous C2/C2 are better able to
metabolize alcohol, which might increase free radical
generation and lipid peroxidation, and promote fatty
[9]
change in the liver . Recently, the isoleucine-tomethionine substitution at position 148 (rs738409
C>G) in the patatin-like phospholipase domaincontaining 3 protein (PNPLA3) has been reported to
have a strong association with progression of alcoholic
liver disease (including cirrhosis and HCC), as well as
[48,49]
nonalcoholic fatty liver disease
. Polymorphisms in
[50]
[51]
CD14 or TNF-α are reported to be associated with
alcoholic liver injury, but further validation is needed.
Regarding HBV, a number of cohort studies have
shown that some single nucleotide polymorphisms
(SNPs) in the HLA-DP loci are associated with persistent
HBV infection. As shown in Table 4, for example,
rs3077 SNP near the HLA-DPA1 gene and rs9277535
SNP near the HLA-DPB1 gene were associated with
[52]
persistent HBV infection in Asian populations . Among
[53]
Chinese, Li et al
identified locus at 8p21.3 (index
SNP rs7000921) contributing to the susceptibility to
persistent HBV infection. They further demonstrated the
nearby gene integrator complex subunit 10 at 8p21.3
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Table 3 Genetic polymorphisms associated with increased risk of alcoholic liver disease progression
Gene

Polymorphism

Reported association

Ref.

ADH

ADH2*1/*2
ADH2*1/*1
ALDH2*2/*2
ALDH2*1/*2
C1/C2
C2/C2
rs738409C>G
159TT

Decrease the rate of ethanol metabolism

[47]

Increase alcohol sensitivity

[47]

Increase free radical generation, lipid peroxidation, and fatty change

[9]

Increase the risk of liver cirrhosis and HCC
Enhance inflammatory responses
Develop alcoholic liver disease
Develop alcoholic liver disease

[48,49]
[50]

ALDH
CYP2E1
PNPLA3
CD14
TNF-α

238G>A

[51]

ADH: Alcohol dehydrogenase; ALDH: Acetaldehyde dehydrogenase; CYP2E1: Cytochrome P450 2E1; HCC: Hepatocellular carcinoma; PNPLA3: Patatinlike phospholipase domain containing 3; TNF-α: Tumor necrosis factor-α.

regard to sex differences, women are more susceptible
than men to the toxic effects of alcohol, as they have
a significantly higher risk of developing progressive
[57]
disease for any given level of alcohol intake . In
contrast, male patients with HBV are at higher risk of
[58]
HCC than are female patients . Previous studies on
racial and ethnic differences have found that Hispanic,
Black, and Asian subjects are more susceptible to
[59,60]
alcohol-related liver damage than are Caucasians
.
Additionally, in most Asian countries, genotype C is the
most prevalent type of HBV, which is associated with
[61]
an increased risk of disease progression . As most
large-scale clinical studies of HBV have been conducted
in East Asia, it remains to be elucidated whether
the obtained results can be applied to other areas,
such as the United States and Europe. Lastly, Loomba
[62]
et al reported that alcohol and obesity synergistically
increased the risk of HCC in 2260 HBsAg-positive
men from the REVEAL-HBV study cohort (HR = 3.40;
95%CI: 1.24-9.34).

Table 4 Genetic polymorphisms associated with hepatitis B
virus infection
Gene

Polymorphism

Reported association

Ref.

HLA-DPA1

rs3077 CC

[52]

HLA-DPB1

rs9277535 GG

Persistent HBV
infection
Persistent HBV
infection
Suppress HBV
replication
Associated with
clearance of HBV
infection

INTS10

rs7000921 TT or
CC

[52]
[53]

HBV: Hepatitis B virus; HLA: Human leukocyte antigen; INTS10:
Integrator complex subunit 10.

suppresses HBV replication in an interferon regulatory
factor 3-dependent manner in vitro and identified an
antiviral gene integrator complex subunit 10 (INTS10)
at 8p21.3 as involved in the clearance of HBV infection.
A SNP near the IL-28B gene is associated with
pegylated interferon-α and ribavirin treatment-induced/
spontaneous viral clearance in chronic/acute HCV
infection. In contrast, in chronic hepatitis B, previous
studies yielded conflicting results of the association of
IL-28B with response to interferon-α treatment or long[54]
term outcome .

CONCLUSION
The association of light-to-moderate alcohol con
sumption with clinical outcomes in patients with
chronic HBV infection appears modest, with a 1.5-fold
increased risk at best, probably smaller than that of
viral factors such as HBV DNA load and genotype.
However, heavy alcohol consumption significantly
accelerates the progression of liver disease to cirrhosis
and, finally, HCC, with a 1.3-fold to 8.4-fold increased
risk. As the mechanisms by which alcohol enhances
disease progression are less well understood in patients
with chronic hepatitis B than C, more experimental
studies are warranted. In addition, alcohol abuse could
impair the response to interferon-α therapy in patients
with chronic hepatitis B (as with C), although this is
still controversial, and can increase the risk of HCC
in patients with low HBV DNA levels suppressed by
nucleoside/nucleotide therapy. Although the threshold
amount of alcohol for HCC risk remains unknown,
heavy alcohol intake is clearly associated with the
progression of liver disease. Strict abstinence should

OTHER POSSIBLE FACTORS AFFECTING
DISEASE PROGRESSION
Other factors may affect the progression of alcoholic
liver injury, including the disease duration, patient
[9,55,56]
sex, ethnicity and obesity
. Since longer duration
of persistent alcohol intake is associated with disease
progression in patients with alcoholic liver injury, it
is generally accepted that strict abstinence must be
recommended. Although a retrospective case-control
study unexpectedly indicated that former drinkers who
had stopped 1-10 years previously had a higher risk
of HCC than current drinkers, the authors speculated
the reason might be that many patients with HCC had
[30]
stopped drinking some years prior to the study . With
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be recommended in patients with chronic hepatitis B.
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Endoscopic management of pancreatic fluid collectionsrevisited
Zaheer Nabi, Jahangeer Basha, D Nageshwar Reddy
collections resolve and do not require endoscopic
drainage. However, a substantial proportion of acute
necrotic collections get walled off and may require
drainage. Endoscopic drainage of PFC is now the
preferred mode of drainage due to reduced morbidity
and mortality as compared to surgical or percutaneous
drainage. With the introduction of new metal stents,
the efficiency of endoscopic drainage has improved
and the task of direct endoscopic necrosectomy has be
come easier. The requirement of re-intervention is less
with new metal stents as compared to plastic stents.
However, endoscopic drainage is not free of adverse
events. Severe complications including bleeding,
perforation, sepsis and embolism have been described
with endoscopic approach to PFC. Therefore, the
endoscopic management of PFC is a multidisciplinary
affair and involves interventional radiologists as well as
GI surgeons to deal with unplanned adverse events and
failures. In this review we discuss the recent advances
and controversies in the endoscopic management of
PFC.
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Core tip: The management of pancreatic fluid co
llections has revolutionised over last several decades.
New devices and techniques have evolved which have
largely obviated the need for surgery in these patients.
The differentiation of nature of fluid collections into
pseudocyst and walled off necrosis has enabled the
endoscopist to plan management strategies. With
the introduction of dedicated metal stents, the task
of endoscopic necrosectomy has become easier.
However, all patients with pancreatic fluid collections
cannot be managed in the same way. Therefore, the
management of pancreatic fluid collections (PFC)
requires multidisciplinary and individualised approach.

Abstract
The development of pancreatic fluid collections (PFC)
is one of the most common complications of acute
severe pancreatitis. Most of the acute pancreatic fluid
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the clinical course of PFCs in acute pancreatitis. Out
of 302 patients with acute pancreatitis, 129 patients
(42.7%) had APFC. Majority (70%) of these APFC
resolved spontaneously, while about 15% developed
pseudocysts. On subsequent follow-up about a quarter
[1]
of pseudocysts disappeared completely . The nature of
PFC (pseudocyst or walled off necrosis) and its influence
on the natural history were not depicted in this study. In
a prospective cohort study including majority of patients
with ANP, about half of the ANC transformed into WON.
In more than 50% cases, WON resolved spontaneously
without requirement of an intervention. Therefore, in
th
about 3/4 cases ANC resolved before or after evolving
[8]
into WON . In a more recent study including 189
patients, 153 patients (81%) were classified as ANP and
36 (19%) with interstitial oedematous pancreatitis (IEP).
About 22% patients with IEP developed APFC of which
only one patient subsequently advanced to pseudocyst.
In contrast, majority of patients with ANP developed
ANC. Of these, about 55% patients developed WON of
[9]
which 63% required an intervention .
It can be concluded that majority of APFC resolve
spontaneously and only a minority transform into
pseudocyst, whereas a sizeable proportion of ANC
transform into WON.

In this review, we describe the recent advances and
controversial issues in the endoscopic management of
PFC.
Nabi Z, Basha J, Reddy DN. Endoscopic management of
pancreatic fluid collections-revisited. World J Gastroenterol
2017; 23(15): 2660-2672 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i15/2660.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i15.2660

INTRODUCTION
Acute pancreatitis is an acute inflammatory process
involving pancreas, characterized by upper abdominal
pain and more than three-fold rise in pancreatic
[1,2]
enzymes
. The development of pancreatic fluid
collections (PFCs) is a common complication of severe
acute pancreatitis. The revised Atlanta classification
categorizes PFC into four sub-types- acute pancreatic
fluid collections (APFC), acute necrotic collections
[3]
(ANC), pseudocysts and walled off necrosis (WON) .
The differentiation of these collections is mainly based
on the duration (< or > 4 wk) and nature of collections
(necrotic or non-necrotic). APFC (≤ 4 wk) develop
after an episode of interstitial edematous pancreatitis
(IEP) and may evolve into pseudocyst after 4 wk.
Whereas, ANC (≤ 4 wk) develop after acute ne
crotizing pancreatitis and subsequently transform
into WON after 4 wk. By definition, pseudocysts have
clear contents and WON have variable amount of
[3]
solid necrotic debris . The present classification of
fluid collections and severity of acute pancreatitis has
important implications on the management as well as
[4-7]
clinical outcomes in these patients .
Acute collections (APFC or ANC) usually do not
require any intervention for drainage as most improve
with conservative management. However, a substantial
proportion of symptomatic WON and pseudocysts
require some drainage intervention. With the deve
lopment of technical innovations in interventional
endoscopy, invasive surgical procedures can be avoided
in majority of these patients. New techniques and
devices have emerged to improve the efficacy and
safety of endoscopic drainage of PFCs. In this review we
shall highlight the recent advances and controversies in
the endoscopic management of PFCs.

DRAINAGE OF PFCS - EVOLUTION OVER
THE LAST DECADE
Over the last few decades, few critical observations
have been made regarding the management of
PFCs. First, the outcome of any drainage intervention
is better if an intervention is performed after the
collection gets walled off (> 4 wk) or encapsulated.
Second, minimally invasive management of PFCs is
[10-13]
better than the conventional surgical approach
.
Third, the outcomes of endoscopic drainage depend on
[14]
the nature of PFCs, i.e., pseudocyst or WON .
The foundation of minimally invasive management
of PFCs (especially WON) was laid by two landmark
studies. The first study concluded that step-up surgical
approach (i.e., per-cutaneous drainage followed by
minimally invasive retroperitoneal necrosectomy)
resulted in less major complications and mortality
[11]
as compared to the open necrosectomy group . In
the second study, endoscopic necrosectomy reduced
the pro-inflammatory response as well as new onset
organ failure as compared to surgical necrosectomy in
[10]
patients with infected necrotizing pancreatitis .
The concept of step-up approach has now gained
world-wide acceptance. Initial management of symp
tomatic PFCs constitutes antibiotics and nutritional
support, followed by minimally invasive drainage
(endoscopic, percutaneous or surgical) if symptoms
persist. Necrosectomy (endoscopic or surgical) should
be considered only if there is no response to these
measures.

NATURAL HISTORY OF PANCREATIC
FLUID COLLECTIONS
The clinical outcome and requirement of an intervention
in patients with PFCs is largely determined by the
knowledge of their behavior with due course of time.
The evolution and behavior of APFC and ANC may be
different. A prospective multicenter study analyzed
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A

B
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E

F

Figure 1 Technique of endoscopic ultrasonography guided drainage of pancreatic fluid collection. A: EUS evaluation of pancreatic fluid collection; B: Puncture
of pancreatic fluid collections (PFC) wall with 21 G fine needle aspiration needle; C: Coiling of guidewire inside PFC cavity; D: Enlarging the cysto-gastric tract with
balloon; E: Placement of stent under EUS-guidance; F: Final position of stent after placement.
[17-19]

contents of PFCs
.
At this juncture, it can be concluded that when
[20]
available EUS-TD is preferable for drainage of PFCs .

ENDOSCOPIC DRAINAGE OF PFCS CONVENTIONAL OR EUS GUIDED
Endoscopic transmural drainage (ETD) has been
used effectively for over two decades’ now. However,
certain drawbacks are noteworthy with ETD. First, it
requires an endoluminal bulge for it to be successfully
performed. However, some PFCs like those located in
the tail of pancreas usually do not produce a luminal
compression. Second concern is the risk of bleeding
due to presence of intervening vessels or collaterals
which may not be taken care of in ETD. Endoscopic
ultrasound guided transmural drainage (EUS-TD)
enables the drainage of non-bulging PFCs, provided
they are at a reasonable distance (< 1.5 cm) from the
[15]
gastric wall . In a RCT, the technical success with
EUS-TD was significantly higher than conventionalETD even after adjusting for luminal compression.
There were two bleeding episodes in the conventional
[16]
group vs none in EUS-TD group . EUS-TD, therefore
is not only more effective but also appears to be
safer as it allows the visualization of any intervening
vessels. In addition, the amount of necrotic debris can
be assessed for deciding appropriate management
strategies. While, Contrast CT is often utilized as
the initial imaging modality in these patients, it is
suboptimal in picturing debris inside the cyst cavity. EUS
and magnetic resonance imaging (MRI) are superior
for qualitative as well as quantitative assessment of
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ENDOSCOPIC DRAINAGE OF
PANCREATIC FLUID COLLECTIONS
Endoscopic drainage of PFCs is accomplished by
placing cysto-gastric stents (plastic or metal). The
technique involves standard sequence of steps as
follows - identification of ideal puncture site under
EUS guidance, needle puncture of PFC wall, coiling of
guidewire inside the cyst cavity, dilatation of cystogastric tract (cystotome and balloon) and finally
placement of stents (Figure 1). The identification of the
nature of PFCs is crucial in determining the outcome
of endoscopic drainage. WON have variable amount of
necrotic debris as compared to pseudocysts which may
preclude complete drainage (Figure 2). Therefore, the
success rate of endoscopic drainage is relatively lower
and requirement of repeated endoscopic interventions
[14]
is frequent as compared to pseudocysts . Additional
measures like placement of a naso-cystic tube for
irrigation and direct endoscopic necrosectomy (DEN)
have been utilized to improve the success rates.
Despite of all the efforts, the overall success rate of
endoscopic drainage is lower in WON (63%-81%) as
[17]
compared to that in pseudocysts (86%-100%) .

2662

April 21, 2017|Volume 23|Issue 15|

Nabi Z et al . Endotherapy for pancreatic fluid collections

A

B

Figure 2 Differentiation of pancreatic fluid collections on endoscopic ultrasonography after 4 wk. A: Pseudocyst - note the clear contents of a pseudocyst
(without solid debris); B: Walled off necrosis- note the presence of debris inside the cyst cavity.
[24]

hospital stay . The development of troublesome
external pancreatic fistula and infection are major
drawbacks associated with percutaneous drainage.
External pancreatic fistula is the most common
complication and develops in about 8.2% patients
undergoing percutaneous drainage for infected
[25]
pancreatic necrosis . A recent systematic review
compared endoscopic, percutaneous and surgical
pancreatic pseudocyst drainage. The authors concluded
that both endoscopic and surgical drainage are equally
effective, with shorter hospital stay, less cost and better
quality of life in the endoscopic group. Nevertheless,
surgical or percutaneous drainage may be considered in
[26]
patients with disapproving anatomy .

ENDOSCOPIC DRAINAGE OF
PSEUDOCYSTS
EUS-TD was initially described in early 1990’s.
Since then numerous studies have been published
revealing excellent outcomes of endoscopic drainage
of pseudocysts. Endoscopic drainage of pseudocysts
[17]
is successful in about 86%-100% of cases . The
advantages of EUS-TD over ETD have been des
cribed earlier in this review. Endoscopic drainage
of pseudocysts is accomplished by placing one or
more pigtail plastic stents (7 or 10 Fr). The size and
number of plastic stents probably do not play a role
in the successful outcome of endoscopic drainage of
pseudocysts. In a recent retrospective study, there
was no relation between the treatment outcome
and stent characteristics (number and size - 7 or 10
Fr) in patients undergoing endoscopic drainage of
[21]
uncomplicated pancreatic pseudocysts . However, the
results may not apply to WON or complex pseudocysts
where larger stents or multiple stents may prove to be
beneficial.
Several studies have compared the outcomes of
endoscopic drainage with surgical cysto-gastrostomy
[13,22-24]
and percutaneous drainage
, The only RCT
[13]
conducted by Varadarajulu et al
concluded that
both the modalities are equally effective with shorter
hospital stay and lower costs in the endoscopic group.
However, surgical drainage was performed by open
procedure rather than laparoscopic cysto-gastrostomy.
In another study, laparoscopic cysto-gastrostomy
outperformed endoscopic drainage. But, the clinical
success was unusually low in the endoscopic group
(51.1%) in this study, in contrast to most of the
[17]
published literature (86%-100%) . Therefore, more
RCTs are required to determine the superiority of one
approach over the other.
The literature comparing endoscopic and per
cutaneous drainage is limited. In one retrospective
study, both the modalities were found to have equal
efficacy. However, percutaneous drainage group had
higher rates of re-intervention and longer length of
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ENDOSCOPIC DRAINAGE OF WON
The standard endoscopic drainage technique has
yielded satisfactory clinical outcomes in pseudocysts.
However, the same has been sub-optimal for efficiently
draining WON. Therefore, a complementary procedure
is frequently required to improve the results in patients
with WON. The innovations in devices and techniques
in this regard include - use of naso-cystic catheter
(NCT) for irrigation, multiple transluminal gateway
technique, DEN, development of novel metal stents,
dual modality drainage and the endoscopic step up
[27-35]
approach
.
The placement of NCT allows irrigation of the cyst
cavity with saline or hydrogen peroxide and facilitates
the drainage of viscous contents in WON. In a retro
spective study, the clinical success was significantly
higher and stent occlusion lower in the combination
group (NCT + plastic stents) when compared to plastic
[35]
stent only group .
In the multiple transluminal gateway technique
technique, 2 or 3 transmural tracts are fashioned
between the necrotic cavity and the GI tract. One of
the tracts is used for irrigation via a NCT and multiple
plastic stents are arrayed in other tracts to assist
[27]
drainage of necrotic debris . Multiple tracts enable
[36]
rapid and efficient drainage in cases of large WON .
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Table 1 Studies revealing outcomes of pancreatic fluid collections with newly designed metal stents
n

Stent used

Size (cm)

Technical success, %

Clinical success, %

Necrosectomy, %

61
PC-15
WON-46
33
47
PC-38
WON-9
82
PC-12
WON-68
124
All WON
93
PC-18
WON-52
WON-205
211
PC-112
WON-99

AXIOS

9.0

98.0

PC-93
WON-81

43.0

AXIOS
NAGI

9 ± 3.3
10.0

91.0
98.0

93.0

33.0
19.2

Study
Walter et al[49], 2015

Shah et al[48], 2015
Chandran et al[46], 2015

Siddiqui et al[34], 2016

Sharaiha et al[54], 2016
Rinninella et al[45], 2015

Lakhtakia et al[65], 2016
Vazquez-Sequeiros et al[50], 2016

76.6
AXIOS

11.8

97.5

PC-100
WON-88

All WON

AXIOS

9.5

100.0

86.3

62.9

Hot AXIOS

10.0

98.9

PC-100
WON-90.4

59.6

NAGI
FCMS-139
AXIOS-72

10.8
9.3

99.0
97.0

96.5
94.0

9.2
17.0

PFC: Pancreatic fluid collection; WON: Walled off necrosis; PC: Pseudocyst; FCMS: Fully covered metal stent; BFMS: Bi-flanged metal stent; LAMS: Lumen
apposing metal stent; PS: Plastic stent; AE: Adverse events.

or ulceration over gastric or retroperitoneal side and
[43]
hindrance for DEN . Nevertheless, it would be unfair
to criticize biliary stents, as they were designed for
biliary drainage rather than drainage of PFCs.
The unmet gap of a dedicated metal stent for
trans-enteric drainage has largely been filled with the
availability of novel metal stents. These stents have
been specially designed for the drainage of PFCs and
have either lumen apposing property like Axios stent
(Xlumena, Mountain View, CA, United States), Niti-S
SPAXUS stent (TaeWoong Medical Co., Ltd., Ilsan, South
Korea) or are bi-flanged like Nagi stent (Taewoong
Medical Co, Ilsan, South Korea), Aixstent (Leufen
Medical, Aachen, Germany) and the Hanarostent
BCF (M.I. Tech. Co., Inc., Seoul, South Korea) to
offset migration rates especially during debridement
[44]
(Figure 3) . The stents are fully covered with silicone
membrane to minimize tissue ingrowth and difficulty
in removal. The efficacy and safety of these dedicated
metal stents has been proven unequivocally in multiple
[33,34,43,45-50]
recent studies
(Table 1).
Newly designed metal stents are easy to deploy
with technical success of > 90% in recent studies. In a
retrospective case-control study, the median procedural
duration was significantly shorter for lumen apposing
metal stents (LAMS) as compared to plastic stents
[51]
(8.5 vs 25 min, P < 0.001) . Procedural duration is
proportional to the difficulty of technique and matters
the most in sick patients.
Clinical success is impressive with new metal stents
ranging from 76%-100%. The common adverse events
(AE) include- bleeding (1%-7%), perforation (1%-2%),
stent migration (1%-6%) and infection (1%-11%).
[34]
In a multicentre study, Siddiqui et al
found metal
stents could be successfully placed in 97.5% patients.
PFC resolution was achieved in all cases (100%) with

Figure 3 Specially designed bi-flanged metal stent (Nagi stent, Taewoong
Medical Co, Ilsan, South Korea) for drainage of pancreatic fluid collection.

EVOLUTION OF METAL STENTS - PAST,
PRESENT AND FUTURE
The “bigger” the “better” theory has been optimally
utilised at various luminal territories in GI tract. The
motive behind the use of metal stents is to overcome
the problem of sub-optimal drainage efficiency of
[37]
plastic stents in WON . Metal stents have larger
diameter and permit for endoscopic necrosectomy. In
the initial small studies, covered biliary metal stents
and to a lesser extent esophageal stents were used
[38-42]
for trans-enteric drainage
. Although these stents
provided efficient drainage, few inherent limitations
precluded their widespread use. Biliary metal stents
have anti-migration features (like anti-migratory fins)
which are not suitable for cysto-enteric drainage.
Therefore, pigtail plastic stents were used to anchor
these stents across the cysto-gastric tract to prevent
[40]
migration . These stents are long with relatively
small lumen which increases the chances of erosions
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Table 2 Selected studies comparing the outcomes between plastic and metal stents
Study

PFC type

n

Lee et al[55] 2014

WON-14
PC-36

PS-25
FCMS-25

90.9%
87%

8%
0

WON

PS-27
BFMS-43

92.6%
97.7%

18.5%
7%

Sharaiha et al[54] 2015

PC

Siddiqui et al[52] 2016

WON

Bapaye et al[76] 2016

WON

PS-118
FCMS-112
PS-106
FCMS-121
LAMS-86
PS-61
BFMS-72

89%
98%
81%
95%
90%
73.7%
94%

31%
16%
7.5%
1.6%
9.3%
36.1%
5.6%

Mukai et al[53] 2015

Success

AE

Conclusion
Efficacy equal
Re-intervention: FCMS = PS
AE: FCMS = PS
Efficacy and AE: BFMS = PS
Re-intervention: BFMS < PS
AE: BFMS = PS
Efficacy: FCMS > PS
AE: FCMS < PS
Efficacy: FCMS, LAMS > PS
Re-intervention: LAM < FCMS < PS
AE: LAMS = PS > FCMS
Efficacy: BFMS > PS
Re-intervention: BFMS < PS
AE: BFMS < PS

PFC: Pancreatic fluid collection; WON: Walled off necrosis; PC: Pseudocyst; FCMS: Fully covered metal stent; BFMS: Bi-flanged metal stent; LAMS: Lumen
apposing metal stent; PS: Plastic stent; AE: Adverse events.

pseudocyst and 88.2% of cases with WON. There was
no incidence of endoscopic debridement related stent
migration. In a large Spanish study including 211
patients with PFCs (pseudocyst-53%, WON-47%),
straight biliary metal stents and new LAMS were
utilized. Both stents fared equally with respect to clinical
success and adverse events. The overall rate of adverse
events was 21%, including infection, bleeding, stent
[50]
migration and perforation . Another study comparing
fully covered self expanding metal stent (FCSEMS)
with LAMS, reported that although clinical outcomes
were similar in both the groups, significantly fewer
[52]
interventions were required in LAMS group .

systematic review, the pooled success rates and AE for
endoscopic drainage of pseudocysts and WON were
comparable using plastic or metal stents. However,
newly designed metal stents (Axios in two studies,
Nagi in one study) were used in only three studies in
[56]
this review . Moreover, the studies using metal stents
included small number of patients. More recent studies
display excellent outcomes with less technical difficulty
or procedure duration while using novel metal stents in
[53,55]
PFCs
. This is especially important in sick patients
and when there is high likelihood of re-intervention for
debridement or necrosectomy. Large randomized trials
are required to prove the efficacy of metal stents over
plastic stents for WON.
One distinct advantage of plastic over metal stents
is that they can be left in situ for prolonged duration in
cases of non-resolving PFCs or disconnected pancreatic
[57,58]
duct (PD)
. Metal stents need to be removed after a
finite duration as stent impaction due to tissue ingrowth
[46]
or overgrowth is a possibility .

CHOICE OF STENT - METAL OR PLASTIC
Large comparative studies between metal and plastic
stents are lacking. Limited data suggests that in WON
metal stents are more efficacious, easier to deploy with
shorter procedural duration and associated with lower
[52-55]
[52]
AE in patients with WON (Table 2)
. Siddiqui et al
retrospectively compared plastic stents with FCSEMS
and LAMS in patients with WON. Metal stents (FCSEMS
or LAMS) fared better in terms of clinical success and
AE. LAMS was better than FCSEMS with respect to
the number of procedures required for resolution of
WON. In another retrospective study comparing plastic
stents with metal stents (covered biliary stents) for
pancreatic pseudocysts, procedure related adverse
events were significantly higher in the plastic stent
[54]
group . In contrast, few studies conclude otherwise
with no difference in clinical outcomes between metal
[51]
and plastic stents. Bang et al
compared plastic
stents with LAMS retrospectively. The clinical outcomes
were similar in both the groups, but costs significantly
higher in the LAMS group. In the only randomized
[55]
study (50 patients), Lee et al
concluded that both
FCSEMS and plastic stents have equal efficacy for
PFCs. However, metal stents were easier to deploy
with shorter procedure time than plastic stents. In a
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DIRECT ENDOSCOPIC NECROSECTOMY
Open necrosectomy is associated with high mortality
and morbidity and therefore, has largely been replaced
[59]
by minimally invasive necrosectomy . Minimally
invasive retroperitoneal necrosectomy has been shown
to be superior as compared to surgical necrosectomy in
[11]
a randomized study . In the present era, endoscopic
necrosectomy is preferred over open or minimally
invasive surgical necrosectomy. A number of studies
[60-62]
have established the safety and efficacy of DEN
.
Endoscopic necrosectomy is associated with reduced
formation of pancreatic fistula as compared to surgical
[10]
drainage . DEN is probably more efficacious (81% vs
61%) with less mortality (6% vs 13%) and reduced
occurrence of pancreatic fistulae (5% vs 17%) than
[63]
minimally invasive surgery (VARD) .
The technique of DEN involves dilatation of the
cysto-gastric tract with a balloon, followed by advance
ment of the endoscope into the cavity of WON (Figure
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A

B

Figure 4 Direct endoscopic necrosectomy. A: Removal of necrotic debris with a snare; B: After completion of endoscopic necrosectomy.

4). Subsequently, the cavity is lavaged with normal
saline and necrotic debris are removed under direct
vision using snares or baskets. Hydrogen peroxide can
be used with the advantage of loosening up of necrotic
tissue to facilitate its easy removal in between the
sessions of DEN. Several sessions may be required
for completing the DEN procedure. Unfortunately,
there is no dedicated device designed for endoscopic
necrosectomy and retrieval of necrotic material. Snares,
forceps or baskets are used to remove the necrotic
tissue, but appear to be suboptimal.
The clinical success of DEN in multicentre studies
[60-62]
ranges from 75%-91%
. Overall complication rates
range from 14%-33% with mortality in up to 11%
patients. The most common complication of DEN is
[60-62]
bleeding followed by perforation and infection
. Air
embolism has also been described with DEN, therefore
it is imperative to use CO2 for insufflation during the
[63]
complete procedure .
With the development of novel metal stents, the
task of DEN has become relatively easy. These stents
have wide lumen and allow multiple sessions of DEN
without the need of repeated dilatations of cystogastric tract.
DEN may be associated with significant complications
and therefore should not be performed unless indicated.
A conservative approach is reasonably efficacious to
begin with. A recent systematic review and metaanalysis supports the concept of initial conservative
approach for the management of infected pancreatic
rd
necrosis. About 2/3 patients (64%) with infected
pancreatic necrosis could be managed with conservative
[64]
approach alone (percutaneous drainage) . In case an
endoscopic drainage is required, DEN can be avoided in
[65]
majority of cases with a step up approach . In a large
single center study including 205 patients, bi-flanged
metal stents were used and a step up approach utilized
for the management of WON. In about 75% patients,
clinical success was achieved by placing bi-flanged
SEMS alone without any additional intervention. The
next steps included de-clogging of SEMS followed by
placement of NCT and finally DEN. With this approach
DEN was required only in 9.2% cases to achieve an
[65]
overall success rate of 96.5% .
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TRANSPAPILLARY DRAINAGE
Transpapillary drainage (TPD) of PFCs involves place
ment of pancreatic ductal stent, in cases with small
collections (< 6 cm) communicating with the pancreatic
[17]
duct . Therefore, TPD is not beneficial if bridging of
PD disruption is not achieved or the collection is large
and non-communicating. In addition, there is risk of
infecting the PFC with TPD. In the current era, TPD is
usually not performed alone and often combined with
transmural drainage (TMD) when indicated.

COMBINED VS TRANSMURAL DRAINAGE
- THE ROLE OF ERCP?
The occurrence of pancreatic ductal disruption is well
[66,67]
known after acute severe pancreatitis
. It is logical
to believe that the severity of pancreatitis or extent of
necrosis would be proportional to the incidence of PD
disruption. In a retrospective study, PD disruption was
documented in 38% of patients with acute necrotizing
[68]
pancreatitis . More patients in the extensive necrosis
group had complete disruption as compared to those
in the partial disruption group. The recurrence of
[68]
PFCs was also high in complete disruption group .
Therefore it seems prudent that PD disruption should
be addressed prior to the removal of cysto-gastric
stents to prevent recurrence. PD stent may be placed
at the time of index endoscopic drainage or before
removing cysto-gastric stent. The current literature
is divergent regarding the benefits of combined
[47,66,67,69-71]
drainage over transmural drainage alone
.
In a retrospective study including 110 patients,
[67]
Trevino et al
concluded that combined drainage
(TPD + TMD) has a positive impact on the resolution
of PFCs. Interestingly, there was no difference in the
recurrence rates of PFCs in trans-papillary stenting vs
no stenting group. In a small prospective single center
study, TPD in selected cases allowed early removal of
FCSEMS and prevented the recurrence of PFCs. PD
leak or disruption was an independent factor affecting
[47]
PFC resolution at 3 wk . In contrast to the above
mentioned studies, the results of several studies failed
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Table 3 Adverse events in selected studies evaluating endoscopic ultrasonography drainage of pancreatic fluid collections with metal
stents
n

Study
[49]

Walter et al , 2014
Chandran et al[46], 2015

61
54

Perforation, %
1.6
-

Bapaye et al[43], 2015
Rinninella et al[45], 2015
Vazquez-Sequeiros et al[50], 2016
Siddiqui et al[34], 2016
Sharaiha et al[33], 2016

19
93
211
82
124

2.1
3.0
1.2
-

Lakhtakia et al[65], 2016

205

1.0

Bleeding, %

Migration, %

Infection, %

Overall complications, %

6.5
5.5

4.9
20.4

6.5
4.0, 7.4

5.3
1.1
7.0
7.3
Early-1.6
Late-0
2.9

5.3
1.1
3.0
Early-2.4
Late-3.2
2.4

1.1
11.0
6.1
Early-3.2
Late-2.4
-

9.0
Early-7.4
Late-11.1
10.5
5.4
21.0
9.8
Early-11.3
Late-7.2
3.9

to show any benefit of combined drainage over TMD
[69,71]
alone
. In a retrospective study, there was higher
albeit non-significant recurrence of PFCs in combined
group as compared to TMD group alone. The authors
proposed that placement of a trans-papillary stent
[69]
hinders the maturation of cyst-enterostomy fistula .
However, the study population was heterogeneous
and included patients with acute collections, necrotic
collections, abscess and pseudocysts (acute and
chronic). In a more recent multicenter study inclusive
of a homogeneous study population (pancreatic
pseudocysts), the authors concluded that there was
no difference in the long-term radiological resolution
of pseudocysts in combined (62%) vs trans-mural
drainage group (69%). Moreover, on multivariate
analysis - TPD was the only factor negatively associated
[71]
with long-term radiological resolution of PFC .
The success rate of endoscopic bridging of
complete PD disruption or disconnection is much lower
[66]
than that of TPD in case of partial PD disruptions .
If disruption cannot be bridged the benefit is likely
to be marginal if any. In a retrospective analysis,
there was no additional benefit of TPD in complete PD
disruptions (9/17, as compared to cyst-enterostomy or
percutaneous drainage alone (52.9% vs 70.6%, P =
[70]
0.61) .
At this moment the role of TPD in the management
of PFCs remains ambiguous. In cases of suspected
disruption or disconnection it seems rational to bridge
the gap with a plastic stent. Cysto-gastric plastic stents
can be left in place in case PD leak cannot be bridged
[57,58,72,73]
to reduce recurrences
. However, randomized
trials are required to clear the prevailing dilemma.

or not and type of stent used (plastic vs metal).
Complications may be higher while draining WON as
compared to pseudocysts. In a large retrospective study
including 211 patients, complications were encountered
in 17 patients (8.5%) and were higher for drainage of
necrosis than pseudocyst or abscess (15.8% vs 5.2%,
[37]
P = 0.02) . Similarly DEN is associated with higher AE
(see above). In few studies where endoscopic drainage
was combined with DEN, up to one-fourth of patients
[74,75]
suffered some complication
.
In recent studies comparing plastic with metal stents
- the AEs were either similar or lower in the metal stent
[52-55,76]
group (Table 2)
. Metal stents can tamponade the
edges of cysto-gastrostomy site, thereby reducing the
occurrence of bleeding from puncture site. Larger size
allows better drainage and less chances of occlusion and
sepsis. In contrast, higher than expected delayed AE
were encountered in the interim analysis of an ongoing
RCT (plastic vs LAMS) in patients with WON. These
AE included - delayed bleeding (3 patients, 3-5 wk),
buried LAMS (2 patients, 5-6 wk) and biliary stricture (5
[77]
wk) . Therefore, early removal of metal stents may be
considered if the PFC has resolved.

OPTIMAL DRAINAGE OF PFCs - PLEA
FOR MULTIDISCIPLINARY APPROACH
The development of endoscopic drainage techniques has
led to decline in the use of percutaneous and surgical
drainage of PFCs. However, large WON and complex
pseudocysts like those extending into paracolic gutters
may be inadequately drained by endoscopic techniques
alone. In addition, endoscopic drainage is not feasible
if the PFC is situated at a distant location from the
GI lumen. Therefore, in selected cases percutaneous
drainage may complement the benefits of endoscopic
drainage and help in circumventing the need of surgical
rd
rd
necrosectomy. About 1/3 to 2/3 patients with
[11]
WON improve with percutaneous drainage alone .
Dual modality drainage (endoscopic + percutaneous)
appears safe and appealing and may reduce the
[28,32]
chances of pancreatico-cutaneous fistula also
. In
addition, other hybrid technique involves percutaneous
endoscopic necrosectomy with or without endoscopic

ADVERSE EVENTS
Endoscopic drainage of PFCs is safe and major AE
are uncommon. AE include - bleeding, perforation,
infection and stent migration (Table 3). Rarely, air
embolism and intestinal obstruction due to stent
migration have also been reported after endoscopic
drainage.
The incidence of AE depends on several factors
including - endoscopic vs EUS guided drainage, nature
of collections (pseudocyst vs WON), DEN performed
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Symptomatic pancreatic fluid collection
EUS/MRI

Alternate drainage
Percutaneous
Surgical

No

Endoscopic drainage feasible
Yes

Yes
Walled off necrosis

Pseudocyst
Novel metal stent (preferably)
Multiple plastic stents

Single/multiple plastic stents
MRP/ERP for PD integrity

Clinical response

Yes

PD disruption

No

Nasocystic tube for irrigation

Yes
ERCP + bridging stent

Yes

Response
No

Endoscopic necrosectomy

Plastic stent-keep in situ
No
Metal stent

Successful
Yes

Cystogastric stent removal

Yes

Response
No

Surgery/percutaneous

Follow

Figure 5 Algorithmic approach to the management of pancreatic fluid collections. EUS: Endoscopic ultrasound; MRI: Magnetic resonance imaging; PD:
Pancreatic duct; ERCP: Endoscopic retrograde cholangiopancreatography.
[78-80]

drainage
. The data on safety and efficacy of these
novel approaches is limited. Studies in future should
clarify their role in difficult to manage PFCs.

drainage procedure. Asymptomatic collections need
not be drained irrespective of their size. Second, is
it the right time to drain. Acute collections usually
resolve and endoscopic drainage is performed only
under exceptional circumstances. Third, what would
be the ideal route for draining the PFC in question.
PFCs situated > 1.5 cm from the lumen are not usually
amenable to endoscopic drainage and therefore
alternate routes should be sought. Likewise, large
collections extending into the paracolic gutters
may require combined approach (endoscopic and
percutaneous) for optimal results. Fourth, the nature
of PFCs should be identified by suitable imaging (EUS
or MRI). Characterisation of PFCs into pseudocyst and
WON have critical therapeutic complications. WON
have debris and therefore are more demanding than
pseudocysts with clear contents. However, it should
be acknowledged that sometimes the distinction
between WON and pseudocyst is blurred. The decision
to proceed is then dictated by the amount of debris
in the cyst cavity. Lastly, appropriate endoprosthesis
should be chosen for draining PFCs. The choice of
stent is largely dependent on nature of PFCs and the
possible need for re-interventions or DEN. Endoscopic
drainage using one or more plastic stents seems to
be good enough for pseudocysts. In contrast, WON
should be drained with multiple plastic stents or newly
available metal stents if multiple sessions of DEN are
expected. Placement of a NCT in addition may be
useful for irrigating the cavity. Subsequently, DEN should
be performed only in cases with no improvement in
symptoms (Figure 5).

MANAGEMENT OF PFCS IN PAEDIATRIC
POPULATION
The data for minimally invasive endoscopic manage
ment of PFCs is limited in children. The size of a
standard adult EUS scope (about 14 mm) may be
prohibitive for its use in small children (< 15 kg).
Therefore, caution is advised while performing EUS[81]
drainage in small children (< 15 kg) .
The available evidence (small case series) suggests
that endoscopic drainage is safe and efficacious in
[82-84]
paediatric age group
. More recently, the use
of novel bi-flanged metal stent has been reported
[85,86]
[86]
in children with WON
. Nabi et al
utilized biflanged metal stents in twenty-one children with
WON. Technical success was achieved in all and clinical
success documented in 95% of children. There were
no major complications.

CONCLUSION: INDIVIDUALIZED
APPROACH TO PFCS - “ONE SIZE DOES
NOT FIT ALL”
The management of PFCs needs to be tailored for
each patient. The endoscopist should justify answers
to several questions before attempting the drainage
procedure. The first and foremost is the indication of
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Abstract
AIM
To determine the effect of overexpression of fibrinogenlike protein 2 (FGL2) on regulatory T cell (Treg) and
effector T (Teff) cell function on T cell-induced colitis in
Rag1 -/- mice.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Animal Care Committee of University Health Network (AUP
No. 903.19).
Conflict-of-interest statement: The authors declare no conflict
of interest.

METHODS
-/+/+
Tg
Treg and Teff cells from fgl2 , fgl2 , and fgl2 mice
were purified by FACS. They were studied in vitro
for immunosuppressive activity and cell proliferation
and in vivo for their effects on the development and
-/prevention of T cell-induced colitis in Rag1 mice.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS

In vitro , fgl2 Tg Treg had enhanced immunosuppressive
Tg
activity, and fgl2 Teff had reduced proliferation to
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-/-

cells (Teff) into immunodeficient Rag1 mice has been
[2,4,5]
used to study the pathogenesis of IBD
. Infusion of
-/Teff cells into Rag1 mice leads to the development of
[5]
+
+
low
colitis . Infusion of CD4 CD25 CD45RB regulatory
T cells (Treg) has been reported to be protective
[6,7]
against the development of T-cell induced colitis .
+
It is now known that Treg are a subset of CD4 T
cells that are characterized by the expression of the
[8]
+
transcription factor Foxp3 . Foxp3 Treg are important
in regulating host immune responses to pathogens and
[9]
+
maintaining tolerance . Foxp3 Treg are comprised of
functionally diverse subsets with distinct phenotypes
[10]
and functions . These cells are known to express a
number of important suppressor molecules including
IL-10, programmed cell death 1 (PD-1) and cytotoxic T
[11]
lymphocyte antigen 4 (CTLA-4) . Recently, fibrinogenlike protein 2 (FGL2) has been identified to be an
[10,12]
important effector molecule of Treg
.
FGL2 is a member of the fibrinogen-like family of
proteins, which was first isolated from a cytotoxic T
[13]
cell library . When expressed by macrophages and
endothelial cells, FGL2 has prothrombinase activity,
which contributes to the pathogenesis of experimental
[14-16]
and human viral hepatitis
. When expressed by T
[12,17]
cells, FGL2 has immunoregulatory activity
. The
C-terminal of FGL2 contains a FRED domain, which
accounts for the immunomodulatory activity and is
important in regulating dendritic cell (DC) maturation,
[12,17]
T cell proliferation and B cell apoptosis
. We and
others have reported that Treg that express high levels
of FGL2 lead to tolerance of fully mismatched heart
[18-20]
allografts
. Studies showed that tolerant grafts
contained large numbers of Treg that co-expressed
Foxp3 and FGL2, whereas rejecting grafts contained
+
Foxp3 Treg that were FGL2 negative. Depletion of Treg
by antibody to CD25 or by a non-depleting antibody
to FGL2 led to loss of tolerance and severe allograft
[18,19]
rejection
.
We previously reported that mice lacking FGL2
-/(fgl2 ) have a reduction in Treg immunosuppressive
[12]
activity and develop autoimmune glomerulonephritis .
-/In those studies we showed that T cells from fgl2 mice
are hyperproliferative and had a skewed Th1 profile,
marked by increased IFN-γ and reduced IL-4 expression.
Both the number of DC and maturation of DC were
-/-/increased in fgl2 mice. Fgl2 mice had a higher
+
+
percentage of CD4 Foxp3 T cells in the thymus, spleen
+/+
and lymph nodes compared with fgl2 mice; however,
-/fgl2 Treg had decreased immune-suppressive activity
+/+
[12]
compared with fgl2 Treg .
To further determine the role of FGL2 in immune
function, we generated ubiquitous FGL2 over-expressing
Tg [20]
mice (fgl2 ) . Here we used these mice to determine
the importance of FGL2 to the pathogenesis of IBD.
Tg
We examined both the ability of fgl2 T effector cells
Tg
to induce colitis and the ability of fgl2 Treg to prevent
colitis. We hypothesized that the over-expression of
FGL2 in Treg would lead to protection against T cellinduced colitis.

alloantigen stimulation. Transfer of Teff from C57Bl/6J
+/+
-/mice (fgl2 ) into Rag1 mice produced both clinical
+
and histologic colitis with dense infiltrates of CD3 T
Tg
cells, crypt abscesses and loss of goblet cells. Fgl2
Treg prevented the development of T cell-induced
+/+
-/colitis, whereas fgl2
and fgl2 Treg were only
Tg
partially protective. In mice that received fgl2 Treg,
+
+
the ratio of Foxp3 to CD3 cells was increased both in
the colon and in mesenteric lymph nodes, and Teff cell
proliferation as determined by staining with Ki67 was
Tg
reduced. Teff cells from fgl2 mice did not produce
colitis.
CONCLUSION
Tg
Here we show that fgl2 Teff are hypoproliferative and
Tg
do not induce colitis. We further demonstrate that fgl2
+/+
Treg prevent colitis in contrast to fgl2
Treg, which
were only partially protective. These studies collectively
provide a rationale for exploring the use of FGL2 or
Treg expressing high levels of FGL2 in the treatment of
inflammatory bowel disease.
Key words: Fibrinogen-like protein 2; Colitis; Regulatory
T cells; Transgenic mouse; Inflammatory bowel disease
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigates the effect of over
expression of fibrinogen-like protein 2 (FGL2) on T
cell-induced colitis in mice. For these experiments,
effector T cells (Teff) and regulatory T cells (Treg)
were isolated from a newly generated line of transgenic
Tg
mice that ubiquitously overexpress FGL2 (fgl2 ).
-/Tg
Following injection in Rag1 mice, fgl2 Treg were
present in high numbers in mesenteric lymph nodes
+/+
and were superior to fgl2
Treg in preventing T cellTg
induced colitis. Fgl2 Teff were not capable of inducing
colitis. This work is important in showing that the
immunoregulatory molecule FGL2 may be useful in the
treatment of colitis.
Bartczak A, Zhang J, Adeyi O, Amir A, Grant D, Gorczynski
R, Selzner N, Chruscinski A, Levy GA. Overexpression of
fibrinogen-like protein 2 protects against T cell-induced colitis.
World J Gastroenterol 2017; 23(15): 2673-2684 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i15/2673.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i15.2673

INTRODUCTION
Inflammatory bowel disease (IBD) consists of a group
of chronic relapsing inflammatory diseases of the
gastrointestinal tract including Crohn’s disease (CD) and
[1]
ulcerative colitis . The onset of colitis is dependent on
dysregulated innate and adaptive immune responses
[1-5]
to bacterial flora . A well-characterized model of IBD
+
high
caused by infusion of CD4 CD25 CD45RB
effector T
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Treg suppression assay

MATERIALS AND METHODS
Animals
+/+

-/-

The Treg suppression assay was adapted from Shalev
[12]
+/+
Tg
et al . Fgl2
or fgl2 lymphocytes were enriched
+
for CD4 T cells using the Negative T cell Isolation kit
(Miltenyi Biotec). The CD4 lymphocyte fraction was
used as antigen presenting cells in the suppression
+
assay. The CD4 enriched fractions were FACS sorted
+
high
+
into CD4 CD25
Treg and CD4 CD25 T cells. All
T cell populations were sorted to a purity > 98%.
5
+/+
For the suppression assay, 2 × 10 CD4 fgl2
antigen presenting cells were incubated with 0.4 ×
5
+
+/+
10 CD4 CD25 fgl2
T cells and serial dilutions of
+/+
Tg
Treg (either fgl2
or fgl2 ) starting with a 1:1 ratio
+
+
+
of CD4 CD25 T cells to CD4 CD25 Treg. Cells were
incubated in the presence of Concanavalin A at a final
concentration of 1 µg/mL for 3 d at 37 ℃ in RPMI-10.
3
To measure proliferation, 1 µCu of H-thymidine was
added to culture supernatants and incubated for 18
h. Percent suppression was calculated as previously
[20]
described .

Tg

fgl2 , fgl2 and fgl2 mice were housed at the
Ontario Cancer Institute Animal Resource Centre
-/(Toronto, Canada). Rag1 and BALB/c mice were
purchased from Jackson Laboratory (United States).
Experiments were performed on mice 6-12 wk of age.

Generation of FGL2 Transgenic Mice (fgl2Tg)
Tg

The generation of fgl2 mice has been previously
[20]
reported . Briefly, a prothrombinase inactive fgl2 gene
was inserted into the iZ/EG targeting vector, which was
[21]
electroporated into R1 ES cells . Chimeric mice were
generated using the tetraploid embryo aggregation
[21]
LoxP
technique . Following germline transmission, fgl2
-/mice were crossed with fgl2 mice using the Jackson
Laboratory speed congenic service followed by two
-/Tg
crosses with EIIa-cre; fgl2 mice to generate fgl2 mice
Tg
that co-overexpress FGL2 and EGFP ubiquitously. Fgl2
mice used for these studies were further backcrossed
-/to fgl2 mice on the C57BL/6 background to generate
fully congenic mice (N10).

T cell-induced model of colitis

The T cell-dependent model of colitis was adapted
[5]
from Ostanin et al . Briefly, single cell suspensions
+
of SMNC were enriched for CD4 T cells using the
Negative T cell Isolation kit (Miltenyi Biotec). The
+
CD4 enriched fraction was stained with CD4-PC7,
CD45RB-APC (eBioscience) and CD25-PE (Miltenyi
Biotec) and sorted on a BD FACS Aria II cell sorter (BD
+
+
low
Biosciences, United States) into CD4 CD25 CD45RB
+
high
low
Treg and CD4 CD25 CD45RB
Teff. CD45RB Treg
high
and CD45RB
Teff were adjusted to a concentration
6
7
of 2 × 10 cells/mL and 1 × 10 cells/mL respectively
in Hank’s balanced salt solution (HBSS). Sham treated
mice were injected i.v. with 100 µL of HBSS; the “no
6
Treg” (Teff only) group was infused with 0.5 × 10
high
+/+
+/+
Tg
CD45RB fgl2 Teff cells; the fgl2 and fgl2 Treg6
high
treated groups were infused with 0.5 × 10 CD45RB
+/+
6
low
fgl2 Teff cells and 0.1 × 10 CD45RB Treg isolated
+/+
Tg
from fgl2
or fgl2 mice. Mice were weighed weekly
and were sacrificed at 14 wk post cell transfer or when
they had lost 20% of body weight.

Quantification of FGL2 expression

FGL2 concentrations in mouse plasma and culture
supernatants were determined by a commercially
available ELISA (BioLegend, United States).

Flow cytometry

Cells were stained using a standard method described
by the manufacturer (eBioscience, United States).
In brief, a single cell suspension was incubated with
Fc Block (eBioscience) on ice for 20 min. Cells were
stained with CD4-PC7, CD4-PE-Cy7, Foxp3-PE,
CD45RB-APC (eBioscience) and CD25-PE (Miltenyi
Biotec, United States) in the dark for 30 min at 4
℃. Viability staining was performed using eFluor450
(eBioscience). For intracellular staining, cells previously
stained for membrane proteins were fixed and per
meabilized using a Fix/Perm kit (eBioscience). Cells
were visualized using the BD LSRII analyzer (BD
Biosciences, United States) and data were analyzed
using FlowJo software, version 9.6 (Tree Star, United
States).

Histology

Tissues were harvested and fixed in 10% buffered
formalin solution. Following paraffin-embedding, ti
ssues were sectioned at 4 µm. The hematoxylin and
eosin (H&E) stains were employed using standard
+
+
methods. Staining for CD3 T cells and Foxp3 Treg was
performed with anti-mouse CD3 (17A2; eBioscience)
and anti-mouse Foxp3 (FJK-16S; eBioscience) anti
bodies. T cell proliferation was assessed by staining
formalin fixed tissues with a rat anti-mouse Ki67
(TEC-3; DAKO, Denmark) followed by anti-rat Ig
(Vector Laboratories, Canada). Pathological scoring was
performed by a blinded pathologist using the scoring
[3]
system adapted from Aranda et al . A maximum score

One way-mixed lymphocyte reaction

Single cell suspensions of BALB/c SMNC were ge
nerated using standard methods. BALB/c SMNC were
irradiated with 2000cGy using a γ-irradiator. FACS
+
sorted CD4 CD25 T cells were stained were labeled
eFlour 670 dye as per manufacturer’s instructions
5
(eBioscience). 4.0 × 10 BALB/c SMNC were incubated
5
+/+
Tg
+
with 2.0 × 10 fgl2
or fgl2 CD4 T cells in 96-well
U-bottom plates at 37 ℃ for 3 d. Cells were then
stained with anti-CD4-PE-Cy7 and eFluor 450 viability
dye and analyzed using flow cytometry.
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Figure 1 Immunologic characterization of fgl2Tg mice. A: Fibrinogen-like protein 2 (FGL2) plasma levels. Bar represents mean levels (n = 7-8 mice/group); B:
One-way MLR and FGL2 levels in MLR culture supernatants. FGL2 overexpression inhibits T cell proliferation in response to stimulation with BALB/c alloantigens.
Proliferation was measured by flow cytometry. FGL2 levels in MLR culture supernatant were measured by an FGL2 ELISA. Data represent the mean ± SD and are
representative of three independent experiments; C: Foxp3+ cell percentages in the thymus, spleen and lymph nodes. Foxp3+ cells are represented as a percentage
of total SMNC. Data are expressed as the mean ± SD (n = 3 mice/group); D: Treg suppression assay. The suppressive activity of Treg is expressed as a percent
inhibition of T cell proliferation compared to responder T cells alone. Graphs show the mean ± SD. Data are representative of 3 independent experiments. (aP < 0.05,
b
P < 0.01, eP < 0.001). MLR: Mixed lymphocyte reaction; SMNC: Splenic mononuclear cells; Treg: Regulatory T cell.

of 12 points was awarded based on the inflammatory
infiltrate in the lamina propria (0-3), the degree of
mucin depletion in the large intestine (0-3), the degree
of intra-epithelial lymphocytes in the crypts (0-3) and
the % of surface area affected (0-3).

values ≤ 0.05 were considered statistically significant.

RESULTS
Alterations in T cell proliferation and Treg suppressive
activity in fgl2Tg mice

Morphometry

CD3 and Foxp3 stained slides were scanned using the
Aperio ScanScrope Slide Scanner (Aperio Technologies,
United States). Positively stained cells were counted
with an algorithm developed with Spectrum software
(Aperio Technologies).

Animal Care and Use Statement

All mice were housed in specific pathogen free
conditions and fed a standard laboratory diet. Animals
were treated in accordance with guidelines set by the
Canadian Council for Animal Care and all appropriate
measures were taken to minimize pain and discomfort.
The animals were acclimatized to laboratory conditions
(22 ℃, 12 h/12 h light/dark, 50% humidity, ad libitum
access for food and water) for two weeks prior to
experimentation. All animals were euthanized by
barbiturate overdose for tissue collection.

Statistical analysis

Statistical significance was determined using Students
t-test or a one-way or two-way ANOVA as indicated
using PRISM v5a (GraphPad Software, United States). P

WJG|www.wjgnet.com

Tg

We previously reported on the generation of fgl2
mice that were backcrossed on a C57BL/6 background
[20]
(N4) . Here, we performed additional backcrosses
Tg
to generate fully congenic fgl2 mice (N10). Congenic
Tg
fgl2 mice maintained high expression of FGL2 with
plasma levels of FGL2 that were approximately 9-fold
+/+
higher than fgl2
mice (672.40 ± 117.6 ng/mL vs
75.43 ± 6.24 ng/mL, respectively) (Figure 1A). To
examine the effect of over-expression of FGL2 on
+
T cell proliferation, CD4 T cells were isolated from
Tg
fgl2 mice and stimulated with irradiated BALB/c
splenic mononuclear cells (SMNC). Consistent with
previous data showing that addition of recombinant
Tg
+
FGL2 inhibited T cell proliferation in-vitro, fgl2 CD4
+/+
T cells were hypoproliferative compared with fgl2
+
CD4 T cells which is likely due to increased levels of
Tg
+
[17]
FGL2 secreted by fgl2 CD4 T cells (Figure 1B) .
-/Previously, we showed that fgl2 Treg have decreased
immunosuppressive activity and that Treg suppressive
[12]
activity could be inhibited with anti-FGL2 antibody .
Tg
Additionally, we showed that fgl2 Treg expressed
[20]
significantly higher levels of FGL2 . Here we found
+
that there were no changes in the frequency of Foxp3

2676

April 21, 2017|Volume 23|Issue 15|

Bartczak A et al. Effect of FGL2 on T cell-induced colitis

A

Post-FACS populations
+

Splenocytes

+

+

+

CD4 CD25 T cells

+

+

+

+

CD4 CD25
99.7

+

CD4 CD25
0.917

CD25

CD4 CD25
2.13

-

CD4 CD25 T cells

CD4
+

-

+

CD4 CD25
16.1

-

+

CD4 CD25
0.316

-

CD4 CD25
97.9

Events

B

CD45RB

3

0

C

10

4

10

+

5

10

3

0

10

4

5

10

10

+

lo

3

0

10

lo

+

CD25 CD45RB
99.7

5

10

lo

CD25 CD45RB
0.696

CD25

CD25 CD45RB
9.6

4

10

CD45RB
hi

hi

-

-

hi

CD45RB CD25
0

CD45RB CD25
84.6

-

CD45RB CD25
98.6

Figure 2 Isolation of CD4+CD25+CD45RBlow Treg and CD4+CD25-CD45RBhigh Teff. A: Representative flow plots of CD4 vs CD25 populations. SMNC were isolated
and enriched for CD4+ T cells by negative T cell selection using magnetic cell sorting. CD4+ T cells fractions were stained with CD4+-PE-Cy7, CD25+-PE and CD45RBAPC and sorted into CD4+CD25+CD45RBlow and CD4+CD25-CD45RBhigh T cell fractions. Cells were gated on live cells, singlets and CD4+ populations. Plots show
initial SMNC population and the CD4+CD25+ and CD4+CD25- T cell populations following FACS sorting; B: Histogram of CD45RB cell distribution; C: Flow plots of
CD25 vs CD45RB populations. Final populations of CD4+CD25+CD45RBlow and CD4+CD25-CD45RBhigh T cell fractions were > 98% pure. SMNC: Splenic mononuclear
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Tg

+/+

cells in fgl2 mice compared with fgl2
mice (Figure
Tg
1C), but fgl2 Treg had increased immunosuppressive
+/+
activity compared with fgl2 Treg (Figure 1D).

4-6 wk, but these mice still demonstrated clinical signs
of colitis including lethargy, piloerection and slight
Tg
hunching. In contrast, all mice that received fgl2 Treg
appeared clinically normal and had weight gain similar
to sham control mice (Figure 3A).
Tissues were harvested and examined histologically
from the ileum, the proximal, medial and distal colon
at 14 wk post cell transfer. In all groups of mice,
the ileum was near normal similar to what has been
[5]
reported previously by other investigators . As
expected, the sham group showed normal colonic
architecture with large numbers of goblet cells and
normal crypt architecture (Figure 3B). In contrast,
colons from mice that received Teff but no Treg
cells showed large, diffuse areas of parenchymal
disease characterized by villous flattening, large
cellular infiltrates, destruction of crypts, severe mucin
depletion and loss of goblet cells (Figure 3B). Colons
-/+/+
from mice that received fgl2 or fgl2
Treg had
improved histology but still had patchy areas of colitis
marked by T cell infiltrates, destruction of epithelial

Fgl2Tg Treg have enhanced activity to prevent T cell
induced colitis
Tg

We next studied the effect of fgl2 Treg on the deve
[2-4]
lopment of colitis . For these studies, we isolated
+
+
low
+
high
CD4 CD25 CD45RB Treg and CD4 CD25 CD45RB
Teff with a purity of > 98% using FACS (Figure 2).
-/6
Rag1 mice received by tail vein injection 0.5 × 10
+
high
+/+
CD4 CD25 CD45RB T cells isolated from fgl2 mice
and were sacrificed 14 wk post-injection. Mice were
monitored for signs of disease including, lethargy,
piloerection, hunching, dehydration and weight loss.
-/+
high
Rag1 mice that received CD4 CD25 CD45RB T cells
developed clinical signs of disease, including decreased
activity and piloerection. In contrast to sham mice,
these mice did not gain weight post-transfer of Teff
-/+/+
cells (Figure 3A). Mice that received fgl2 or fgl2
Treg showed improved clinical activity within the first
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improved histology; however, numerous areas of patchy colonic disease were still seen. In contrast, colons from mice that received fgl2Tg Treg were near normal.
H&E; Original magnification 100 ×; C: Pathologic scoring of colon sections. Scoring was performed on H&E stained sections as described in the methods section.
Data represent mean ± SEM. Pathology scores were obtained from 2 independent experiments with n ≥ 5 mice per group; D: Transfer of fgl2Tg Treg does not alter
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blood was collected from each animal. Rag1-/- mice received CD4+CD25-CD45RBhi T cells and Treg isolated from fgl2+/+ or fgl2Tg mice (Treg adoptively transferred
into Rag1-/- mice). Plasma levels of FGL2 were measured using an FGL2 ELISA. Statistical analysis was performed using a one-way ANOVA and Tukey’s multiple
comparison post-hoc test (aP < 0.05, eP < 0.001). Treg: Regulatory T cells.
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+

crypts, mucin depletion and reduced numbers of
Tg
goblet cells. Histologically, the colons from fgl2 Treg
treated group were near normal with preserved goblet
-/cells and few if any mononuclear cell infiltrates. Fgl2
mice had more severe disease compared to mice
+/+
that received fgl2
Treg, but by morphometry the
difference in severity of colonic disease did not reach
statistical significance (Figure 3B).
Changes in histology were quantified using a
[3]
modified pathology index established by Aranda et al
with a maximum pathology score of 12. Mice in the no
Treg group had the highest score indicative of a pan
diffuse colitis with disease across the proximal, mid
and distal colon associated with diffuse parenchymal
destruction, crypt loss, mucin depletion and dense
lymphocyte infiltrates (Figure 3C). Mice that received
-/+/+
fgl2 or fgl2
Treg had similar overall pathology
scores, which were significantly better than mice in the
Tg
no Treg group. Colons from mice that received fgl2
Treg were near normal with normal numbers of crypt
goblet cells; however, there were occasional patchy foci
of inflammation and small numbers of crypt abscesses
seen especially in the mid colon. These mice had a
pathology score that was significantly better than mice
-/+/+
that received either fgl2 or fgl2 Treg (Figure 3C).
Tg
To determine if adoptive transfer of fgl2 Treg could
alter systemic levels of FGL2 we measured plasma
-/levels of FGL2 in the Rag1 mice. Interestingly, we
found that there was no change in plasma levels of
Tg
FGL2 following transfer of fgl2 Treg (Figure 3D). These
Tg
data suggest that the adoptively transferred fgl2 Treg
are working locally as opposed to systemically to limit
colonic inflammation.

had very few CD3 but did not stain for Foxp3. Large
+
numbers of CD3 T cells were seen in the MLN of all
the groups of mice that were infused with Teff cells
consistent with reconstitution of the immune system.
+
Very few Foxp3 T cells were seen in mice that
+/+
received Teff alone or Teff and fgl2 Treg. In contrast,
+
large numbers of Foxp3 cells were seen in the MLN of
Tg
+
mice that received fgl2 Treg, leading to a high Foxp3
+
to CD3 cell ratio (Figure 4B-E).

Effect of Treg on T Cell Proliferation assessed by Ki67
staining

To examine the influence of Treg on Teff cell proli
feration, Ki67 staining was performed as described
[22]
+
in the methods and by others . In sham mice, Ki67
cells were seen primarily in the cortex of the MLN, and
in mice that received Teff alone, there were increased
+
clusters of Ki67 cells, primarily localized to the cortex
+/+
of the MLN. MLN from mice that received fgl2
Treg
+
also contained significant numbers of Ki67 cells,
although they were more diffusely spread within the
Tg
MLN. In contrast, mice that received fgl2 Treg had only
+
small numbers of Ki67 cells similar to sham mice. As
opposed to sham mice, mice that were reconstituted
+
with Teff alone had large numbers of Ki67 cells both
within the lamina propria and epithelium, coincident
+/+
with areas of histologic colitis. Mice that received fgl2
+
Treg also had foci of Ki67 cells in the lamina propria
+
and epithelium. In contrast, no Ki67 staining was seen
Tg
+
in these areas in mice that received fgl2 Treg. Ki67
staining was seen in the colonic crypts of all groups of
mice as expected (Figure 5).

Fgl2Tg Teff do not induce colitis in Rag1-/- mice

Tg

Fgl2 Treg prevent infiltration of Teff into the colon of
Rag1-/- mice

To examine the effect of FGL2 over expression of Teff
Tg
+/+
function, Teff cells were isolated from fgl2 or fgl2
-/mice and infused into Rag1 recipients. As discussed
+/+
above, all mice that received fgl2
Teff, developed
severe colitis, whereas none of the mice that received
Tg
fgl2 Teff developed clinical or histologic signs of colitis
(Figure 6A and B). MLN from mice receiving either
Tg
+/+
fgl2 or fgl2 Teff were repopulated with CD3 cells;
+
however, CD3 cell infiltrates were only seen in the
+/+
colons of mice that received fgl2 Teff in association
with areas of severe colitis (Figure 6C).

The colon and mesenteric lymph nodes (MLN) from all
+
groups of mice were stained for the presence of CD3
+
T cells and Foxp3 Treg cells. As expected, colons from
+
the sham group of mice had no CD3 T cells (Figure
4A). Mice that received only Teff contained large
+
numbers of CD3 T cell infiltrates in association with
areas of colitis (Figure 4A). Mice that received both Teff
+/+
+
cells and fgl2
Treg had reduced numbers of CD3 T
cells compared to mice that were treated with Teff cells
+
only, but CD3 T cells were still present in the lamina
propria in proximity to areas of colitis. In contrast,
Tg
mice that received Teff cells and fgl2 Treg had very
+
few CD3 T cells within the colon (Figure 4A). Colon
sections were also stained for Foxp3 (Figure 4A). As
+
expected, Foxp3 Treg were not found in sham control
+/+
mice or mice that only received Teff. In the fgl2 and
Tg
+
fgl2 Treg treated groups Foxp3 cells were found
throughout the colon (Figure 4A). These findings were
confirmed by morphometry (Figure 4C-E). The ratio of
+
+
Foxp3 to CD3 cells was highest in mice that received
Tg
fgl2 Treg (P < 0.001) (Figure 4E).
Mesenteric lymph nodes (MLN) from sham mice
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DISCUSSION
IBD consists of a group of chronic relapsing in
flammatory diseases of the gastrointestinal tract
[1]
that include CD and ulcerative colitis . The onset
of colitis has been shown to be dependent on dys
regulated innate and adaptive immune responses
[1-5]
to bacterial flora . Here we investigated the effect
of overexpression of the Treg immunosuppressive
effector molecule FGL2 in the T cell-induced mouse
model of colitis. For these studies, we isolated Treg
and Teff cells from transgenic mice that ubiquitously
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Figure 4 Foxp3+ Treg are increased and CD3+ T cells are decreased in mice that received fgl2Tg Treg. A: Representative photomicrographs of CD3 and Foxp3
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Tg

overexpress FGL2, which were recently generated in
[20]
Tg
our laboratory . In vitro, fgl2 Treg had enhanced
+/+
suppressive activity compared with fgl2
Treg, and
Tg
+
fgl2 CD4 T cells had reduced proliferative potential
+/+
+
Tg
compared with fgl2 CD4 T cells. In vivo, fgl2 Treg
+/+
were superior to fgl2
Treg in preventing colitis. This
+
was accompanied by increased ratios of Foxp3 Treg
+
to CD3 T cells in the colon and MLN. In mice treated
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with fgl2 Treg, there was also reduced proliferation of
Teff cells as assessed by Ki67 staining. Furthermore,
Tg
fgl2 Teff cells failed to induce colitis.
Treg are known to regulate the differentiation and
proliferation of Teff by several mechanisms, including
bystander suppression and/or by altering the cytokine
[11]
milieu . IL-10 has been shown to be important in the
prevention of experimental IBD through binding with
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Colon

[2]

reflected by histology and pathologic scoring . The
Tg
results presented here demonstrate that fgl2 Treg are
+/+
superior to fgl2
Treg both in suppressive activity in
vitro and in prevention of colitis in vivo. Interestingly,
Tg
+/+
adoptive transfer of fgl2 Treg compared with fgl2
Treg led to greater number of Treg in the MLN and less
Teff proliferation in the MLN. These data are supportive
Tg
of the hypothesis that fgl2 Treg in comparison to
+/+
fgl2
Treg prevent colitis by preventing activation
of Teff in the MLN, which then inhibits homing of Teff
[10]
Tg
to the colon . The increased numbers of fgl2 Treg
+/+
compared with fgl2
Treg in the MLN may be the
Tg
result of either enhanced homing of fgl2 Treg cells to
Tg
the MLN, changes in fgl2 Treg survival/proliferation
or the induction of Treg from naïve T cells. Recently,
Tg
we reported that Treg from fgl2 mice promote
tolerance in a fully MHC mismatched mouse model
[20]
of heart transplantation . We also reported that
tolerant heart allografts contain increased numbers
+
of FGL2 Treg whereas they were near absent in
[18]
rejecting allografts . Taken together, these data
suggest Treg secreting high levels of FGL2 are critical
to the establishment and maintenance of tolerance in
both allo-transplantation and autoimmune disease.
Clinical trials are currently underway to test the safety
and efficacy of Treg populations in the treatment of
[24,25]
high
IBD
. We propose that expansion of FGL2
Treg
may be a highly effective approach to treating patients
with autoimmune disease, including IBD.
Tg
Through the generation of fgl2 mice, we have
confirmed that FGL2 is an important immune modulator
that regulates Teff cell function and proliferation. We
Tg
+/+
demonstrate here that fgl2 Teff in contrast to fgl2
-/Teff are not capable of inducing colitis in Rag1 mice.
Previously, we demonstrated that the inhibitory Fcγ
receptor (FcγRIIB), which is expressed on antigen
presenting cells (APC) such as DC and B cells, is the
[26,27]
receptor for FGL2
. We also showed that recom
binant FGL2 inhibits the maturation of bone marrow[26]
derived DC and promotes B cell apoptosis . It is
unlikely that FGL2 acts directly on Teff as T cells
[27]
express little if any FcγRIIB . Consistent with this,
we have observed that recombinant FGL2 did not
inhibit T cell proliferation when purified T cells were
stimulated with anti-CD3 and anti-CD28 (data not
shown). However, recombinant FGL2 inhibits T cell
proliferation in mixed lymphocyte reactions when APC
[28]
are present . The inhibition on DC maturation by
Tg
FGL2 may explain why mice infused with fgl2 Teff had
reduced numbers in the colon. We hypothesize that the
Tg
increased expression of FGL2 by fgl2 Teff inhibits the
maturation of DCs encountered in the inflamed tissue
which, in turn, inhibits the activation and expansion of
the same Teff in a negative feedback loop. We cannot
rule out at this time, however, that there is an intrinsic
Tg
+
defect in fgl2 CD4 T cells due to overexpression of
FGL2.
A recent paper has demonstrated increased muco
sal biopsy staining for FGL2 and increased plasma

MLN
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No Treg

fgl2 +/+ Treg

fgl2 Tg Treg

Figure 5 Fgl2Tg Treg prevent proliferation of infiltrating T cells in the
colon. CD3+ T cell proliferation in the MLN and colon were examined by Ki67
staining at week 14. Ki67+ cells were seen primarily in the cortex of the MLN
of sham mice. Mice that received Teff had increased clusters of Ki67+ cells,
primarily within the cortex. Mice that received fgl2+/+ Treg also had significant
numbers of Ki67+ cells, whereas mice that received fgl2Tg Treg had similar
numbers of Ki67+ cells as sham mice. Ki67+ cells were only seen in the colonic
crypts of sham mice. Mice that were reconstituted with Teff alone had large
numbers of Ki67+ cells both within the lamina propria and epithelium, coincident
with areas of colonic inflammation. Mice that received fgl2+/+ Treg had small foci
of Ki67+ cells in the lamina propria and epithelium whereas no Ki67+ staining
was seen in these areas in mice that received fgl2Tg Treg. In all groups of mice
colonic crypt cells stained positively for Ki67 as expected. Original magnification
× 100. MLN: Mesenteric lymph nodes; Teff: Effector T cells; Treg: Regulatory T
cells.

its receptor leading to expansion of Treg. Interestingly,
-/Treg from IL-10 knock mice (IL-10 ) are as effec
tive as Treg from normal mice in protecting against
IBD suggesting that although IL-10 is important in
protection against colitis, the source of IL-10 need not
[23]
be from Treg . FGL2 has previously been described
as an important Treg immunosuppressive effector
[12]
molecule . Recently, FGL2 was shown to be critical
for the immune suppressive activity of a major subset
of Treg that express T cell immunoglobulin and ITIM
[10]
+
domain (TIGIT) . In those studies, TIGIT Treg were
shown to highly suppress TH1 and TH17 cell responses
while preserving TH2 responses, which was dependent
[10]
-/+
on FGL2 expression . Both TIGIT Treg and TIGIT
Treg inhibited T cell-induced colitis, but the role of
[10]
FGL2 in colitis was not examined in their report .
Others have reported that Treg can ameliorate Teff
-/[2]
induced colitis in the Rag1 mouse model . Although
mice infused with Treg had markedly reduced colitis,
Treg treated mice still had evidence of disease as
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Figure 6 fgl2Tg Teff do not induce colitis. A: Histopathology. Rag1-/- mice that received fgl2+/+ Teff had histologic evidence of severe colitis with dense CD3+ T cell
infiltrates, edema, crypt and goblet cell loss and abscess formation. Colons from mice that received fgl2Tg Teff were near normal. H&E; Original magnification × 100; B:
Extent of disease in the colon was confirmed by pathologic scoring. Three sections of the colon were scored as described in the methods. Data are the mean ± SD; C:
Immunohistochemistry of CD3+ staining in the colon (left column) or MLN (right column) showing repopulation of MLN in mice that received either fgl2Tg or fgl2+/+ Teff.
Dense infiltrates of CD3+ cells were only seen in the colons of mice that received fgl2+/+ Teff and not fgl2Tg Teff. Original magnification × 100. Data represent n = 3 mice
per group (bP < 0.01, eP < 0.001). MLN: Mesenteric lymph nodes; Teff: Effector T cells.

levels of FGL2 in patients with active IBD (CD and
[29]
ulcerative colitis) . In these patients, endothelial cells
and infiltrating inflammatory cells in mucosal biopsy
specimens stained strongly for FGL2. Together with
our studies showing the immunosuppressive effects of
FGL2, these data suggest that expression of FGL2 is
an important regulator of mucosal immunity and may
represent a feedback mechanism to limit inflammation
[29]
in patients with active IBD .
Collectively, the studies presented here confirm
that FGL2 is an important immunosuppressive effector.
Tg
Teff from fgl2 mice are hypoproliferative and fail
-/to induce colitis when injected into Rag1 mice.
Tg
Treg from fgl2 have increased immunosuppressive
activity in vitro and protect mice from T cell-mediated
colitis. These studies support the concept that FGL2
expressing Treg are critical for the maintenance of
tolerance and provide a rationale for exploring the use
of recombinant FGL2 or Treg expressing high levels of
FGL2 in the treatment of autoimmune disease.
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COMMENTS
COMMENTS
Background

Inflammatory bowel disease (IBD) consists of a group of chronic relapsing
inflammatory diseases of the gastrointestinal tract that include Crohn’s disease
and ulcerative colitis. Regulatory T cells (Treg) have been shown to be
important regulators of disease activity in IBD and can ameliorate disease in
the T cell-induced model of colitis in immunodeficient Rag1-/- mice.

Research frontiers

Fibrinogen-like protein 2 (FGL2) is a newly described immunoregulatory
molecule that is an effector molecule of Treg. The effect of overexpression of
FGL2 in the T cell-induced model of colitis has not been studied previously.
We recently generated a transgenic line of mice that ubiquitously overexpress
FGL2 (fgl2Tg). Here we isolated Treg and effector T cells (Teff) from fgl2Tg mice
and compared these cells to wildtype (fgl2+/+) cells in the T cell-induced colitis
model.

Innovations and breakthroughs

The authors found that fgl2Tg Treg have enhanced immune suppressive activity
compared with fgl2+/+ Treg in vitro. Following injection in Rag1-/- mice, fgl2Tg Treg
were present in high numbers in mesenteric lymph nodes and were superior to
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fgl2+/+ Treg in preventing T cell-induced colitis. Fgl2Tg Teff were hypoproliferative
in vitro and were not capable of inducing colitis.

Applications

Overexpression of FGL2 by either Treg or Teff prevents T cell-mediated colitis.
These studies collectively provide a rationale for exploring the use of either
recombinant FGL2 or Treg expressing high levels of FGL2 in the treatment of
inflammatory bowel disease.

13

Terminology

14

FGL2 is an immunoregulatory molecule that has been shown to be an effector
molecule of Treg.

Peer-review

15

This is an excellent, but descriptive, paper. The experiment proposed in
the comments to authors may provide a link between the two disparate
observations described.
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Abstract
AIM
To understand the underlying metabolic changes in
human liver disease we have applied nuclear magnetic
resonance (NMR) metabolomics analysis to human liver
tissue.

Institutional review board statement: Human liver samples
from patients in the Birmingham liver transplantation programme
were used throughout this study, and all samples were collected
with informed written patient consent and local ethics committee
approval (06/Q2702/61).

METHODS
1
We have carried out pilot study using H-NMR to derive
metabolomic signatures from human liver from patients
with steatosis, nonalcoholic steatohepatitis (NASH) or
alcohol-related liver damage (ARLD) to identify species
that can predict outcome and discriminate between
alcohol and metabolic-induced liver injuries.
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RESULTS
Changes in branched chain amino acid homeostasis,
tricarboxylic acid cycle and purine biosynthesis inter
mediates along with betaine were associated with the
development of cirrhosis in both ARLD and nonalcoholic
fatty liver disease. Species such as propylene glycol and
as yet unidentified moieties that allowed discrimination
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of the mechanistic triggers for NAFLD is lacking
in part because of the overlap with cardiovascular
disease. However it is clear from human studies
that the transition from steatosis to steatohepatitis
is accompanied by changes in the plasma lipidomic
[4]
profile and that crosstalk between the tricarboxylic
[5]
acid (TCA) cycle and branched chain amino acids ,
along with oxidative stress in hepatocytes exacerbates
the injury.
Many groups have turned to metabolic analysis of
diseased livers to identify potential mechanistic drivers
or diagnostic markers and to inform future personalized
[6]
medicine strategies . Metabolomics assesses the
small molecule composition and biochemical changes
in tissue, induced as a consequence of pathoge
nic processes and has been applied to a variety of
[7]
human metabolic disease states . Studies of human
liver disease commonly analyze serological marker
profiles, yielding valid evidence for changes in lipid
[8]
and lipoprotein metabolism in the periphery but
being limited by potential extrahepatic contribution to
the metabolic signature. Rodent models of fatty liver
[7]
disease are also available permitting hepatic analysis ,
but many require specific genetic manipulations and
those which recreate the full spectrum of advanced
disease (e.g., presence of fibrosis, inflammation and
steatosis) may not reproduce the systemic picture
seen in human patients with NASH such as systemic
insulin resistance. Thus promising drug candidates
identified based upon evidence from rodent models of
fatty liver injury have not proven effective in human
[2]
systems . Many metabolomic studies thus far have
[5,9]
focused on NAFLD or obesity rather than NASH ,
and development of new therapies for NASH is
further hampered by the requirement for histological
endpoints in clinical trials. We have addressed these
issues by performing a metabolomics analysis of
human liver tissue with steatosis, NASH and alcohol1
related damage (ARLD) by H-NMR. This provides
a high throughput, non-destructive and sensitive
technique for multiple analyte quantification with
an often better reproducibility (and hence greater
[10]
accuracy) than mass-spectrophotometric studies
and has the potential to identify species which can
discriminate between alcohol-induced and metabolic
liver injuries that are hard to separate histologically.
Herein we report that an nuclear magnetic resonance
(NMR) metabolomics approach allows us to discriminate
human metabolic signature changes that accompany
development of cirrhosis in both alcoholic and metabolic
liver injury. More importantly we have identified key
species that permit discrimination between these two
etiologies.

between NASH and ARLD samples were also detected
using our approach.
CONCLUSION
Our high throughput, non-destructive technique for
multiple analyte quantification in human liver specimens
has potential for identification of biomarkers with
prognostic and diagnostic significance.
Key words: Human; liver; metabolomics; steatosis;
nuclear magnetic resonance; alcohol
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have for the first time performed a com
1
parative analysis of H-NMR spectra from human liver
derived from patients with different, but histologically
similar etiologies, and steatotic donor tissue. In
agreement with the fibrotic and inflammatory picture
in the diseased livers, analytes relating to energy
and protein metabolism and ketone body production
were altered compared to the donor samples. More
importantly, novel combinations of markers that may
have diagnostic or prognostic significance were also
identified by this approach.
Schofield Z, Reed MAC, Newsome PN, Adams DH, Günther
UL, Lalor PF. Changes in human hepatic metabolism in steatosis
and cirrhosis. World J Gastroenterol 2017; 23(15): 2685-2695
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2685.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2685

INTRODUCTION
Rising rates of obesity have led to a dramatic increase
in nonalcoholic fatty liver disease ( NAFLD), a mani
festation of the metabolic syndrome that occurs
as a spectrum from fatty liver (steatosis) through
inflammation (NASH) to cirrhosis and primary liver
cancer. European prevalence of NAFLD is between
[1]
15%-44% in adults and the prevalence in children
is also rising. Although only 10% of patients with
steatosis progress to cirrhosis, this still represents
a major cause of liver disease, with risk increasing
dramatically in patients with type 2 diabetes mellitus.
Urgent strategies are required to reduce the burden of
fatty liver disease but there are currently no licensed
[2]
therapies , and robust markers that can accurately
identify patients at risk of progression from steatosis
[2]
to NASH are yet to be fully described . NASH is
histologically indistinguishable from alcohol-induced
liver disease but occurs in the absence of significant
[3]
alcohol consumption . Here, development of fatty
liver disease in common with cardiovascular disease
is driven by poor diet, physical inactivity, insulin resi
stance and central adiposity but detailed description
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MATERIALS AND METHODS
Patient liver samples

Human liver samples from patients in the Birmingham
liver transplantation programme were used throughout
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1

Table 1 Patient demographics for samples used for H-NMR analysis of whole liver tissue
Group

Age

Sex

Height (cm)

Weight (kg)

BMI

ALT (IU/L)

AST (IU/L)

Bilirubin (μmol/L)

ARLD
ARLD
ARLD
ARLD
ARLD
mean
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
NASH
mean
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor
Donor

40
49
54
65
49
52 ± 9.12
60
61
51
51
50
49
60
52
47
70
44
52
60
61
55 ± 7.1
77
74
39
46
55

F
M
M
F
M

162
188
179
162
183
172.75 ± 12.1
173
175
178
158
157
162
175
170
169
164
165
173
179
178
169.7 ± 7.4
176
176
171
163

86.7
104
101
71
66
90.68 ± 17.3
110
106
112
57
64
86
95
113
109
82
101
103
123
97
97 ± 18.9
80
68.7
51.3
56.1

33
29.4
31.5
27.1
19.7
30.25 ± 5.21
36.8
34.6
35.3
22.8
26
32.8
31
39.1
38.2
30.5
37.1
34.4
32.1
30.6
32.95 ± 4.6
25.8
22.2
17.54
21.1

21
33
14
19
43
21.75 ± 11.7
29
45
25
12
32
54
33
37
34
28
36
24
22
18
30.6 ± 10.8
119
11
55
9
63
30
48

66
59
66 ± 4.94
66
126
32
46
74
72
87
47
51
32
62
37
41
34
58 ± 26.2
126
N/A
97

3
37
135
75
30
62.5 ± 51.1
40
17
30
191
145
97
90
66
19
13
109
44
27
50
67 ± 53.2
14
14
18
11
15
23
7

M
M
M
F
F
F
M
M
M
F
M
M
M
M
M
F
M
M
F

Demographics of our patients at time of transplantation surgery - indicates data unavailable. In particular for most organ donors, constraints of our
ethical approval process meant we were unable to access anonymized clinical demographic information from deceased donors. Thus we only have data
for selected steatotic donor liver samples. BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate transaminase; NASH: Nonalcoholic
steatohepatitis; ARLD: Alcohol-related liver damage.

this study, and all samples were collected with informed
written patient consent and local ethics committee
approval (06/Q2702/61). Samples were anonymized
to ensure no sensitive information was available to the
researchers. Material was collected within one hour of
removal and fresh liver tissue was either immediately
snap frozen in liquid nitrogen for NMR analysis or
formalin fixed and embedded in paraffin for histological
analysis. We used three types of tissue, firstly
normal “Donor” material from healthy livers deemed
unsuitable for liver transplantation primarily as a
consequence of presence of steatosis. These samples
therefore are classed as steatotic. We also used “NASH”
or “ARLD” livers collected from patients undergoing liver
transplantation. These patients had fulfilled criteria for
inclusion onto the transplantation list. Here diagnosis of
NASH was defined as presence of histological features
of steatosis, lobular inflammation and hepatocyte
ballooning in the absence of a history of alcohol excess

WJG|www.wjgnet.com

(> 14 units/wk) and exclusion of other viral/metabolic
or autoimmune etiologies. ARLD patients were defined
on the basis of chronic liver damage in the context of
excessive alcohol intake in the absence of other viral
or autoimmune causes. Tissue was collected from
n = 16 donors, n = 5 alcoholic patients and n = 14
NASH patients. Detailed demographic information for
donors of explanted cirrhotic liver is supplied in Table 1.
Steatotic donor livers rejected for transplantation were
used as our steatotic donor liver group. Demographic
information for these samples is much more limited
as such samples do not come with full biochemical
characterisation.

Histology

Paraffin-embedded samples were cut into 5 µm sections
and stained using Haematoxylin and Eosin and Van
Gieson stains using standard protocols for assessment
of tissue morphology, steatosis and fibrosis respectively.
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Representative images were captured using a Zeiss
Axioscope microscope and Axiovision software.

was picked for each metabolite in the first spectrum
and peaks were picked in the other spectra in an
automated manner using in-house subroutines of
MetaboLab. Three classes were defined: donor (9
spectra), NASH (6) and ARLD (5). The mean and
standard deviations for each class were calculated. For
each metabolite, the unpaired t-test (Welch’s t-test)
was used (using ttest2u from the PLSTOOLBOX for
Matlab by Eigenvector Research Inc, Washington,
United States) with a 5% cut-off (p value < 0.05)
to test the null hypothesis that the relative peak
intensities for pairs of the different classes have the
same mean, variances not assumed to be equal.

Sample preparation for NMR

Tissue samples were stored in a freezer at -80 ℃
before being prepared for NMR analysis according
[11]
to previously described methodology
with the
addition of a tissue digestion step using a gentleMACS
homogeniser (Miltenyi, United Kingdom). All solvents
(HPLC grade Methanol and Chloroform, Sigma Aldrich)
were kept on ice at -4 ℃. Liver samples (approximately
3
89 mg or approximately 5 mm ) were added to
gentleMACS M-Tubes in methanol (8 μL/mg) and
purified water (2 μL/mg) and homogenised using a
gentleMACS dissociator. Samples were decanted into
5 mL glass vials. Fresh chloroform (8 μL/mg) and
water (4 μL/mg) were added and samples vortexed
for 30 s. The mixture was left to stand on ice before
centrifugation (5 min at 2500 rpm followed by another
5 min at 3000 rpm). The polar layer of the resultant
multiphasic solution was carefully pipetted into a sterile
Eppendorf tube (100 μL) and air dried using a vacuum
concentrator for an hour. All layers were stored at
-80 ℃ for future analysis.

RESULTS
In order to determine differences in metabolic
signatures in liver tissue during NASH, we compared
NMR profiles with those from “donor” steatotic liver
and importantly from tissue collected from patients
with ARLD, which is histologically indistinguishable
[3,15]
from NASH
. The donor tissue samples all showed
extensive macrovesicular steatosis throughout the
lobule (Figure 1A), and some cases exhibited areas of
localised inflammation (see arrows Figure 1A). Table 1
shows the available biochemical and demographic data
for our patient groups and confirms that the patients
in the ARLD and NASH groups were age matched (52
± 9.12 years vs 55 ± 7.16 years respectively) and
their BMI was not significantly different at time of
transplant (30.25 ± 5.21 vs 32.95 ± 4.6 respectively,
Table 1). Both diseased groups had extensive bridging
fibrosis and inflammatory infiltrate in the liver (Figure
1B and C). Areas of steatosis were occasionally
noted in the NASH and ARLD samples (see arrows
Figure 1B and C) but were not present in all livers.
Given the extensive fibrosis and resistant texture
of our liver specimens we were keen to confirm the
reproducibility of our extraction technique on tougher,
cirrhotic specimens compared to the softer donor
1
tissue. Figure 2 shows representative 1D H-NMR
spectra from our samples and illustrates that the polar
extracts such as the branched chain amino acids were
extremely consistent within each of the three groups,
yielding a clear separation for a panel of metabolites
between donor and NASH groups, albeit with different
concentrations of species present between tissue
types. Reproducibility of our analytical workflow was
confirmed by performing independent repeat analysis
using the same patient samples on separate occasions
(see Supplemental Figure 2).
Key findings from the 1D proton-NMR are
summarised in Figure 3 and confirm that many key
metabolites were significantly different between the
patient groups (see analysis in Supplemental Table
1). In agreement with the histological picture of
steatosis in the donor samples and a more fibrotic
and inflammatory picture in the NASH livers, analytes

NMR data collection

All data collection was carried out using a Bruker
600MHz Avance III spectrometer using a 1.7 mm
1
cryoprobe. To acquire 1D H-NMR spectra dried polar
metabolites were re-suspended in sodium phosphate
buffer in 90% H2O and 10% D2O (0.1 mol/L, pH 7.09)
containing 3-trimethylsilyl-2,2,3,3,d4-propoinate
1
(TMSP) as an internal chemical shift standard. 1D- HNOESY spectra were collected at 298 K with a 12 ppm
spectral width, 32k data points and 256 scans.

NMR data analysis

Spectra were processed using NMRlab and Metabolab
[12,13]
programmes
within Matlab, version R2015b
(MathWorks, Massachusetts, United States). Briefly,
the first data point was multiplied by 0.5, a linebroadening window function was applied and the
data were zero-filled to 32768 points prior to Fourier
transformation. All spectra were rephased manually
after initial automated phase correction. Before analysis
of the spectra, all spectra were aligned on TMSP, a
spline baseline correction was applied, the water and
TMSP regions were excluded and the total spectra area
(TSA) of each spectrum was scaled to 1. However,
scaling to the TMSP signal produced almost identical
results as total spectra area scaling.
Resonances were assigned using Chenomx 8.1
(Alberta, Canada, 2015). Calibration was carried out
manually using alanine as a reference peak (δ = 1.46
[14]
ppm). The human metabolome database (HMBD)
was used to identify metabolites not covered by Chenomx.

Statistical analysis
1

In normalised H NMR spectra, one well-resolved peak

WJG|www.wjgnet.com
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A

B

C

Figure 1 Histological staining of human liver tissue. Representative images of donor tissue (A), NASH tissue (B) and ARLD liver (C) stained using haematoxylin
and eosin (left panel) or Van Gieson stain (right panel). Bar = 100 µm and images were captured at 10 × original magnification. Data are representative of 6-14
samples in each group. Arrows in A indicate areas of localised inflammation present in our steatotic donor livers and arrows in B and C show steatotic hepatocytes.
NASH: Nonalcoholic steatohepatitis; ARLD: Alcohol-related liver damage.

relating to energy and protein metabolism and
ketone body production were altered compared to
the donor samples. Whilst many metabolites were
similarly altered in the NASH and ARLD cohorts
compared to donor livers, there were key differences
that discriminated NASH from ARLD livers. We were
able to identify approximately 60 metabolites in
NMR spectra of polar extracts, of which 16 were
significantly altered between the groups, one of which
could not be identified. The branched chain alpha
amino acids leucine, valine and isoleucine were all
increased in concentration in cirrhotic livers (NASH
and ARLD) compared to donor tissue, but interestingly
concentrations of alanine, glutamate and glycine
were comparable in all livers. The amino acid betaine
was particularly abundant in the alcoholic and NASH
livers compared to steatotic samples. Other interme
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diates in the TCA cycle, succinate and fumarate were
differentially regulated in disease with no change
in fumarate levels across groups, but in contrast a
significant elevation in succinate levels associated with
both alcohol induced liver injury and NASH (Figure 3).
As expected we found significant elevations in hepatic
glucose concentrations in both NASH and ARLD,
and we also noted significant elevations in hepatic
lactate during cirrhosis, particularly in the NASH liver
specimens. A modest but non-significant elevation in
uracil levels present in cirrhosis was accompanied by a
modest decrease in uridine levels. The common food
additive propylene glycol was also increased in both
cirrhotic groups and particularly the alcohol group, a
pattern also evident for formate concentrations that
were highest in alcoholic liver disease. Finally, an as
yet unidentified metabolite with a signal at 7.685 ppm
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2

analytical tool for this study by virtue of its ability to
rapidly and simply process small volumes of sample to
yield unbiased, non-selective structural information on
[16]
our analytes. Insulin resistance and hyperglycaemia
[17]
are characteristic of NAFLD
with elevated serum
glucose lactate, and glutamate/glutamine levels
characterising different stages in the progression
[18]
to NASH . One gas chromatography study has
compared the lipid profile of steatotic and NASH
[4]
livers and highlighted changes in lipid and fatty acid
homeostasis that accompany NAFLD and are echoed
in our own results. We have confirmed evidence from
several studies suggesting that glucose homeostasis
and branched chain amino acid concentrations are
[9,17-19]
modified in the liver and serum in NAFLD
.
Previous NMR analysis of serum from patients with
cirrhosis confirms significant changes in plasma amino
acid concentrations, in particular in patients with
[20]
encephalopathy . We observed elevated hepatic
concentrations of the alpha amino acids leucine,
valine and isoleucine in accordance with the reported
abnormal regulation of hepatic amino acid metabolism
[21,22]
in cirrhosis
and lower BCAA oxidation observed
[21]
in alcohol injury and cirrhosis . Interestingly in liver
disease one might expect characteristically low serum
levels of some BCAA due to changes in protein and amino
[23]
acid metabolism . Diminished release of leucine from
[24]
muscle is common and studies suggest that improved
glucose sensitivity in the fed state during cirrhosis may
[25]
supress leucine oxidation in the periphery . Indeed
valine supplementation has been suggested to be
beneficial in reduction of fibrosis in rodent models of
[26]
liver cirrhosis , although administration to patients
with cirrhosis results in higher serum levels than for
[27]
control subjects .
Other amino acids were differentially regulated
however, with glutamate unchanged in NASH and
ARLD compared to steatotic livers. Previous data from
NMR analysis of obese patients undergoing bariatric
surgery has suggested that glutamate levels in the
[9]
liver reduce as the severity of steatosis increases
whilst others, in agreement with our results, reported
that liver levels are unchanged if steatosis is compared
[17]
to NASH . Thus it is likely that levels in all our patient
groups vary compared to healthy liver, in part due
to increased utilisation for glutathione generation,
particularly in the context of endotoxemia which
[28]
may accompany cirrhosis . This may also fit with
the reported reductions in serum glutamate seen in
[29]
ARLD-related cirrhosis . Importantly, some of our
patients are given personalized nutritional support that
can include both vitamin supplementation (Thiamine
and Vitamin B strong) as well as high energy protein
supplements such as “Fortisips” and “Forticreme” or
“Ensure”. However these are not given to all patients
and are most often used for those with significant
sarcopenia and reduction in BMI. Thus we do not
supplement in a manner that would explain changes in
BCAA metabolism in all patients. Glycine is involved in

donor = black; nash = green; ald = blue
-4
× 10
Leucine

Valine
1

0

Isoleucine

1.05 1.04 1.03 1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.95

Figure 2 Representative 1H-NMR spectra. Representative fraction intensity
traces from the branched chain amino acid region of the 1H-NMR data for
normal (black) NASH (green) and ARLD (blue) livers showing consistency
of separation between groups. NASH: Nonalcoholic steatohepatitis; ARLD:
Alcohol-related liver damage.

was particularly valuable for differential comparisons
between the cirrhotic samples with high levels in
NASH livers and overlap with the donor specimens,
but concentrations in ARLD being somewhat lower
than the steatotic donors (Supplemental Figure 1).
This contrasts with two other unidentified metabolites
at 5.41 and 5.43 ppm that were significantly lower in
ARLD livers.
We also compared metabolite levels between
ARLD and NASH liver samples in comparison to
steatotic livers (Figure 4). This analysis showed that
the elevations in amino acids valine and isoleucine
in NASH were more pronounced than seen in the
ARLD specimens, and also showed the raised formate
and glucose in alcoholic livers. However the most
impressive differences were observed in two yet
unidentified metabolites. We observed significant
decreases in all three metabolites which were much
reduced in concentration in ARLD livers with the
metabolite at 5.43 also significantly reduced in NASH
compared to the other patient groups. Again the peak
at 7.68 ppm was significantly elevated in NASH livers
relative to normal whilst it was reduced in ARLD livers.
We also performed a correlation analysis on a small
subsection of our cirrhotic patients from whom we had
good biochemical data. Analysis of these 10 patients
is shown in Figure 5 and shows that accumulation
of analytes linked to impaired liver function such
as glutamate and lactate, correlated with bilirubin
concentration at time of transplant. The same was
true for unknown metabolite 7.68 ppm. We also saw a
trend for decreased hepatic aspartate levels with age.

DISCUSSION
We used an NMR metabolomics analysis to generate
information on the metabolic picture of human liver
tissue in the context of simple steatosis alone or in
more advanced disease associated with both fibrosis
and hepatic inflammation. NMR was chosen as the
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Figure 3 Liver disease is associated with significant changes in energy and protein metabolism and ketone body production. Fraction intensity boxplots for
indicated metabolites in normal liver (nl), ARLD (arld) and NASH (nash) liver samples. For each metabolite shown, an unpaired t-test (Welch's t-test) was calculated
with a 5% cut-off to test the null hypothesis that the relative peak intensities for pairs of the different classes have the same mean, variances not assumed to be equal.
The solid line indicates the median fractional intensity, and the box shows the interquartile range. Outlier samples are indicated by red crosses and statistical analyses
are indicated in Supplemental Table 1. NASH: Nonalcoholic steatohepatitis; ARLD: Alcohol-related liver damage.

purine biosynthesis and collagen synthesis within the
liver, so it is interesting to note the significant decrease
in hepatic concentration, particularly in alcoholic liver
disease where we see extensive fibrosis. Glycine is also
an important component in one carbon metabolism
and involved in the generation of S-adenosylmethionine
(SAMe), a major methyl donor produced and consumed
in the liver. The glycine methyltransferase enzyme is
[30]
reportedly reduced in cirrhotic liver and mice lacking
this enzyme develop steatosis that progresses to
[30]
steatohepatitis and cirrhosis . Glycine also plays a role
[31]
in liver regeneration thereby confirming the important
protective role of SAMe, conforming with our report of
reduced levels in human cirrhotic liver and highlighting
how reduced glycine levels can exacerbate injury.
Our data showing dramatic increases in hepatic
betaine levels in ARLD and NASH are also important in
this context. Betaine is another metabolite previously
linked to cirrhosis with serological levels having some
merit in identification of HCC vs non-malignant liver
[32]
conditions . It is a breakdown product of choline and
acts as a methyl donor in the generation of methionine

WJG|www.wjgnet.com

and can reduce hepatic fat accumulation through
[33]
inhibition of PPAR-α , and maintain SAMe levels.
Early animal studies suggested there may be an anti[34]
steatotic benefit from dietary supplementation
leading to trials of betaine as a treatment strategy in
NASH with some reports of histological and biochemical
improvement after a year of therapy. However this
initial data was not confirmed in larger, better designed
[35]
studies
and it may be that once steatosis has
progressed to fibrosis and steatohepatitis, levels of
betaine increase in the liver as a protective mechanism
and this overrides any additional benefit from dietary
supplementation.
We also report that the TCA cycle intermediates,
succinate and fumarate were differentially regulated
in disease with no change in fumarate levels across
groups, but in contrast a significant elevation in
succinate levels associated with both alcohol induced
liver injury and NASH. Plasma levels of succinate
have been reported to increase in murine models of
liver injury including administration of methionine
choline-deficient diet and coupled with reduced fecal
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function. Similarly we may be observing age related
change in mitochondrial operation of the malate[41,42]
aspartate shuttle
and reduced export of aspartate
which could explain our negative correlation between
aspartate levels and age. Thus we may be observing
increased utility of aspartate as fuel for gluconeogenesis
in our older livers.
An intrinsic link between pyrimidine metabolism and
[43]
fatty liver disease has been reported previously
with
uridine having protective effects within the liver linked
[43]
to mitochondrial respiration . Excessive consumption
or uridine as a protective mechanism in cirrhosis
could explain our noted reduction in concentration
in the chronically diseased livers. It is however also
possible that pyrimidine synthesis is impaired. This
might be consistent with increasing succinate levels,
and accumulation of lactate, which may reflect a
dysfunctional TCA cycle. Certainly disruptions in TCA
cycle function have been reported in cirrhosis, linked
[44]
to reduced intracellular ATP . Formate is also made
within hepatocytes during the folate cycle and used
for pyrimidine synthesis. ARLD is often associated with
a deficiency in folate, partly through reduced dietary
intake in many alcoholics but also as a consequence of
[45]
reduced liver uptake and urinary excretion . This makes
our increased intrahepatic formate levels harder to
explain, but may suggest accumulation as a consequence
of impaired pyrimidine synthesis in cirrhosis. Certainly in
reduced folate situations, mitochondrial formate transport
[46]
decreases, as does purine synthesis .
Whilst many of the metabolic changes discussed
above have been reported in other studies, there are
several interesting, novel observations in our analysis.
Firstly we noted significant increases in hepatic
propyleneglycol in both ARLD and NASH. This is a
food additive often added to medicinal formulations
[47]
such as paracetamol as a solubilizing agent . Thus in
creased levels may simply relate to pain relief or other
medications taken by our cirrhotic patients. However
it is interesting to note that propyleneglycol has been
[48]
suggested to inhibit the function of CYP4502E1 ,
and in this respect the notable increase in ARLD livers
may be mechanistically significant. More importantly
in the context of NASH, studies have suggested that
dietary supplementation may be beneficial for the
[49]
treatment of insulin resistance
and that glucose
tolerance and skeletal muscle GLUT-4 translocation
may improve after treatment. Interestingly, we
have also identified high levels of an unidentified
aromatic compound at 7.685 ppm in NASH but not
in ARLD samples. Use of this metabolite either alone
or in combination with BCAAs levels, would clearly
discriminate between NASH and ARLD. This could
potentially be a drug metabolite since patients with
NASH are likely to be taking one or a combination of
drugs to manage their metabolic syndrome (including
Metformin, GLP-1 analogues, Glycazide, insulin, statins
and blood pressure medications). The placement

0
-5
-10

ARLD

NASH

Figure 4 Heat map comparing the alcohol-related liver damage and
nonalcoholic steatohepatitis spectra with the donor spectra. The squares
are coloured according to: log2 (mean fractional intensity of metabolite X in
class Y/ mean fractional intensity of metabolite X in donor class) with blue
indicating that metabolite X is higher in the class Y and red indicating that
metabolite X is lower in the class Y. NASH: Nonalcoholic steatohepatitis; ARLD:
Alcohol-related liver damage.
[7]

excretion of succinate in insulin-resistant rats .
Increased succinate suggests malfunction of succinate
dehydrogenase. Others also confirm that succinate
levels are elevated in cirrhotic liver tissue compared
[36]
to normal livers . Importantly succinate is involved
[37]
in profibrotic signalling to hepatic stellate cells
and
so our reported hepatic elevations in the context
of fibrogenesis in the ARLD and NASH samples fits
with this picture. Other metabolites also reiterate the
dysregulation of hepatic carbohydrate metabolism
that characterises NASH. For example, lactate is
used in the Cori cycle for synthesis of glucose, and
taken up by healthy liver for this purpose. Reduced
hepatic gluconeogenesis and accelerated glycolysis
in the splanchnic region in acute liver failure lead to
release of lactate. Lactate is also increased in cirrhosis
[38]
where fasting levels correlate with portal pressure .
Furthermore a correlation between systemic lactate
levels and bilirubin has been observed during living[39]
donor liver transplantation and linked to liver function.
This is in agreement with our elevated concentrations of
lactate in NASH and ARLD and reduced gluconeogenesis
in the context of cirrhosis, and our noted correlation
between lactate and bilirubin levels. Interestingly
the ability of hepatocytes to utilise lactate as fuel for
gluconeogenesis has been reported to decrease with
[40]
age
due to gradual impairment of mitochondrial
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Figure 5 Correlation analysis illustrating relationship between key metabolites and demographic parameters in patients with cirrhosis. Data are from a
smaller cohort of patients with cirrhosis relating to ARLD or NASH for whom our full demographic data was available. Dots indicate individual patient data (n = 10)
and analyses shown are those with significant correlation (alpha < 0.05) for fraction intensity of metabolites vs bilirubin concentration or age. NASH: Nonalcoholic
steatohepatitis; ARLD: Alcohol-related liver damage.

of the peak suggests that it is unlikely to represent
metformin. However the metabolite was found in all
NASH samples and there is no drug that would have
been administered to all patients. Also some patients
with ARLD may be given drugs to treat diabetic com
plications, but the metabolite was not present in any
of these samples. A similarly good discrimination
between NASH and ARLD would be possible based
on unidentified metabolites at 5.41 and 5.43 ppm.
These signals could potentially represent sugar species
that increase in ARLD but not NASH. Further studies
based on a larger number of samples need to be
performed to identify these metabolites and to clarify
whether they represent endogenous metabolites or
represent a different metabolisation pattern for a
therapeutic compound administered to pre-transplant
patients. Similarly, future focussed serological analysis
directed at the unknown species we have identified
will aid assessment of potential diagnostic value. This
is important as we would wish to develop diagnostic
markers that could ultimately be measured in blood
samples rather than tissue specimens. Recent evidence
from patients with metabolic disturbance associa
ted with polycystic ovary syndrome confirms that
it is indeed possible to detect changes in circulating
amino acids and carbohydrates in serum using an
[50]
NMR approach . In addition, give the important
[51]
contribution of exercise to management of NAFLD
and links between skeletal muscle activity and hepatic
[52,53]
metabolism
it would be important to assess the
contribution of sarcopenia in advanced cirrhosis to the
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hepatic metabolome.
In conclusion, we have for the first time performed
1
a comparative pilot study of H-NMR spectra from
human liver derived from patients with different, but
histologically similar etiologies and steatotic donor
tissue. In agreement with the fibrotic and inflammatory
picture in the diseased livers, analytes relating to energy
and protein metabolism and ketone body production
were altered compared to the donor samples. More
importantly, novel combinations of markers that may
have diagnostic or prognostic significance were also
identified.
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Robust markers that can accurately identify patients at risk of progression
from steatosis to nonalcoholic steatohepatitis are lacking. To understand the
underlying metabolic changes in human liver disease we have applied nuclear
magnetic resonance (NMR) metabolomics analysis to human liver tissue.

Research frontiers

Metabolic analysis of human livers has the potential to identify mechanistic
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this approach.
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Applications

The methodology that the authors have developed for generating NMR
spectra from human liver tissue, and the molecular characterisation they
have performed will be of interest to scientists and clinicians studying hepatic
metabolism. Novel markers they may have prognostic potential.
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Terminology

NMR - an analytical technique based on the magnetic properties of specific
atomic nuclei that is used to determine the identity and structure of complex
molecules.
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Peer-review

This is a interesting study on an interesting topic. Recent results indicate that
mitochondrial UCP3 activity affects metabolism well beyond fatty acid oxidation,
regulating biochemical pathways associated with amino acid metabolism and
redox status.
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Abstract
AIM
To evaluate the ability of Lactobacillus rhamnosus
HN001 and Bifidobacterium longum BB536 to colonize
the intestinal environment of healthy subjects and
modify the gut microbiota composition.
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METHODS
Twenty healthy Italian volunteers, eight males and
twelve females, participated in the study. Ten subjects
9
took a sachet containing 4 × 10 colony-forming units
9
(CFU) of Bifidobacterium longum BB536 and 10 CFU
of Lactobacillus rhamnosus HN001, 30 min before
breakfast (pre-prandial administration), while ten
subjects took a sachet of probiotic product 30 min after
breakfast (post-prandial administration). The ability of

Data sharing statement: No additional data was available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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Lactobacillus rhamnosus HN001 and Bifidobacterium
longum BB536 to colonize human gut microbiota was

composition have been highlighted.

assessed by means of quantitative real-time PCR, while
changes in gut microbiota composition were detected
by using Ion Torrent Personal Genome Machine.

Toscano M, De Grandi R, Stronati L, De Vecchi E, Drago L.
Effect of Lactobacillus rhamnosus HN001 and Bifidobacterium
longum BB536 on the healthy gut microbiota composition
at phyla and species level: A preliminary study. World J
Gastroenterol 2017; 23(15): 2696-2704 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i15/2696.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i15.2696

RESULTS
Immediately after 1-mo of probiotic administration,
B. longum BB536 and L. rhamnosus HN001 load was
increased in the majority of subjects in both preprandial and post-prandial groups. This increase was
found also 1 mo after the end of probiotic oral intake in
both groups, if compared to samples collected before
probiotic consumption. At phyla level a significant
decrease in Firmicutes abundance was detected
immediately after 1-mo of B. longum BB536 and L.
rhamnosus HN001 oral intake. This reduction persisted
up to 1 mo after the end of probiotic oral intake
together with a significant decrease of Proteobacteria
abundance if compared to samples collected before
probiotic administration. Whereas, at species level, a
higher abundance of Blautia producta , Blautia wexlerae
and Haemophilus ducrey was observed, together with a
reduction of Holdemania filiformis , Escherichia vulneris ,
Gemmiger formicilis and Streptococcus sinensis
abundance. In addition, during follow-up period we
observed a further reduction in Escherichia vulneris
and Gemmiger formicilis , together with a decrease in
Roseburia faecis and Ruminococcus gnavus abundance.
Conversely, the abundance of Akkermansia muciniphila
was increased if compared to samples collected at the
beginning of the experimental time course

INTRODUCTION
Probiotics are defined as “non-pathogenic live microorganisms that, when administered in adequate
[1]
amounts, confer a health benefit on the host” . In
the last years, their numerous beneficial properties
and positive impact on human health have deeply
[2]
been described . Consequently, the global market for
probiotics is growing due to the increased demand of
consumers who use these products to improve their
health and even to prevent some human illnesses
such as allergic and gastrointestinal diseases, modu
late immune system and ensure the homeostasis
[3-5]
of intestinal microbiota . Nowadays, hundreds of
different bacterial strains are available in the global
probiotic market and consequently, the choice of
the most suitable probiotic product becomes very
difficult and fragmented. For these reasons, safety and
efficacy of probiotics are considered the main criteria
for using any microorganism in the formulation of pro
[6]
biotic products . Lactobacilli and Bifidobacteria are
the main microorganisms used as probiotics; indeed,
numerous species belonging to these genera have
been reported as safe and effective in improving the
[7]
host’s health . Interestingly, modulation of intestinal
microbiota composition has been proposed as one of
[8]
the main mechanisms of probiotic activity . Several
studies showed that the combination of specific
bacterial strains belonging to Lactobacillus and Bifido
bacterium species can act in optimal synergy for
[9-11]
restoring the intestinal balance
. In 2015, Drago
[12]
et al , for instance, highlighted the immunomodulatory
synergy of L. salivarius LS01 and Bifidobacterium
breve BR03 which combination led to an increased
immunomodulatory activity if compared to the activity
of each single strain. Also Bifidobacterium longum
(B. longum) BB536 and Lactobacillus rhamnosus
(L. rhamnosus) HN001 are two well-characterized
probiotic strains often used in combination which ability
to survive the adverse gastrointestinal conditions
and adhere to intestinal mucosa has already been
[13]
demonstrated in a previous study . These probiotic
strains possess strong immunomodulatory activities,
are able to improve human health, reduce eczema
prevalence in children and inhibit adhesion of gram[14-21]
negative pathogens in intestinal environment
.

CONCLUSION

B. longum BB536 and L. rhamnosus HN001 showed

the ability to modulate the gut microbiota composition,
leading to a significant reduction of potentially harmful
bacteria and an increase of beneficial ones. Further
studies are needed to better understand the specific
mechanisms involved in gut microbiota modulation.
Key words: Probiotics; Gut microbiota; Bifidobacterium ;

Lactobacillus ; Human health

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Several studies have described the potentially
beneficial effects of many probiotic microorganisms
belonging to Lactobacillus and Bifidobacterium genera.
We evaluated the ability of Bifidobacterium longum
BB536 and Lactobacillus rhamnosus HN001, two
probiotic strains used in combination, to colonize the
intestinal environment of healthy subjects and modify
the gut microbiota composition. We did not observe
a negative impact of probiotic on the general health
status of the hosts. Contrariwise, the two bacterial
strains seemed able to exert a beneficial effect on
the bacterial ecology of the gastrointestinal tract, as
many significant positive changes in gut microbiota
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Table 1 Baseline characteristics of health volunteers
Subject
Pre-prandial group
1
2
3
4
5
6
7
8
Post-prandial group
9
10
11
12
13
14
15
16

2

Gender

Age

Weight (kg)

Height (m)

Body mass index (kg/m )

Female
Female
Male
Male
Male
Male
Male
Male

40
32
45
42
35
30
31
43

70.0
65.0
57.0
73.0
85.0
82.0
71.0
82.0

1.80
1.65
1.64
1.68
1.90
1.83
1.68
1.82

21.6
23.9
21.2
25.9
23.5
24.5
25.2
24.8

Male
Male
Male
Male
Male
Male
Female
Female

28
29
33
43
41
35
35
33

71.0
64.0
81.0
72.0
81.0
71.0
61.0
60.0

1.70
1.80
1.79
1.73
1.79
1.77
1.72
1.62

24.6
19.8
25.3
24.1
25.3
22.7
20.6
22.9

The aim of the present study was to investigate the
effects of B. longum BB536 and L. rhamnosus HN001
on the gut microbiota composition of healthy subjects
after one month of probiotic oral intake, also evaluating
the potential impact of pre- and post-prandial probiotic
administration on the colonization ability of B. longum
BB536 and L. rhamnosus HN001.

lumps inside the solution. Moreover, the product was
tasteless and odorless, favoring the daily oral intake.
Fecal samples were collected from each participant
one week before the probiotic oral intake, after one
month of probiotic administration and one month
after the end of probiotic consumption. Two subjects
were excluded from the study following an antibiotic
therapy, while 2 individuals were excluded from the
data analysis as they did not strictly follow the diet.

MATERIALS AND METHODS
Experimental design

DNA extraction

Twenty healthy Italian subjects, eight males and
twelve females, participated in the study. They were
all volunteers who were informed in detail about the
aim of the study. Baseline characteristics for each
subject are summarized in Table 1. All individuals
personally delivered fecal samples to the Laboratory of
Clinical Microbiology (University of Milan, Milan). The
experimental protocol was approved by the Scientific
Direction of IRCCS Galeazzi Orthopaedic Institute in
the Current Research 2015.
Exclusion criteria included antibiotic treatment
within the previous 2 mo or suffering from any
acute or chronic cardiovascular, gastrointestinal or
immunological conditions. Furthermore, probiotics
and yogurt have been excluded from the diet during
the study period. Volunteers were randomized in two
groups. The probiotic product was provided by Alfa
Wassermann S.p.a. (Milan, Italy) that also supplied
evidence about its safety for human consumption.
9
Ten subjects took a sachet containing 4 × 10 colony9
forming units (CFU) of B. longum BB536 and 10
colony-forming units (CFU) of L. rhamnosus HN001
30 min before breakfast (pre-prandial administration),
while ten subjects took a sachet of probiotic product
30 min after breakfast (post-prandial administration).
During the probiotic resuspension and before oral
intake, some volunteers described the formation of

WJG|www.wjgnet.com

Total DNA was extracted from fecal samples using the
QIAamp DNA Stool Mini Kit following the manufacturer’s
instructions (Qiagen, Italy).

Quantitative PCR

The ability of B. longum BB536 and L. rhamnosus
HN001 to colonize the human gut microbiota was
assessed by means of a quantitative real-time PCR
carried out using a Rotor Gene 3000 system (Diatech),
in order to evaluate the potential increase of the
lactobacilli and bifidobacteria load following the
probiotic oral intake. For B. longum DNA amplification
the following primers were used: B. longum (forward)
5’-TTCCAGTTGATCGCATGGTC-3’ and B. longum
(reverse) 5’-GGGAAGCCGTATCTCTACGA-3’ (Eurofin,
Vimodrone, Italy). The reaction conditions for DNA
amplification were 94 ℃ for 5 min, 35 cycles of
94 ℃ for 20 s, 55 ℃ for 20 s, 72 ℃ for 20 s and
72 ℃ for 5 min. Differently, for L. rhamnosus DNA
amplification the PCR reaction was performed using
the following primers: L. rhamn (forward) 5’-TGCATC
TTGATTTAATTTTG-3’ and L. rhamn (reverse) 5’-CCACT
GCTGCCTCCCGTAGGAGT-3’ (Eurofin, Vimodrone,
Italy). The amplification profile was an initial step of
94 ℃ for 3 min, and then 30 cycles of 94 ℃ for 45 s,
55 ℃ for 45 s and 72 ℃ for 1 min.

2698

April 21, 2017|Volume 23|Issue 15|

Toscano M et al . Probiotics and gut microbiota

16S gene sequencing

Bacterial changes at phylum level in the gut microbiota
composition after the probiotic consumption and one
month after the end of probiotic oral intake

DNA amplification and 16S gene sequencing were
[22]
performed as previously described .

Distribution of main bacterial phyla characterizing
the gut microbiota of individuals enrolled in the study
is shown in Figure 3. Firmicutes were subjected to a
significant reduction (about 50%) after one month
of B. longum BB536 and L. rhamnosus HN001 oral
intake (Figure 3). Moreover, one month after the end
of probiotic administration, a further reduction of
Firmicutes (about 20%) was observed, together with a
significant decrease of Proteobacteria abundance (about
58%), if compared to samples collected before probiotic
administration.

Statistical analysis

The biodiversity index (Shannon, Simpson and Chao)
and statistical analyses were carried out using the
R Software V.3.3.1, for Windows. Non-parametric
Kruskal-Wallis and Mann-Whitney tests were used to
find significant differences in α diversity and microbial
taxa. Adjustment for multiple testing was evaluated
with Dunn’s post-hoc test. P values below 0.05 were
considered statistically significant.

RESULTS

Bacterial changes at species level in gut microbiota
composition after the probiotic consumption and one
month after the end of probiotic oral intake

In all subjects no side effects were observed following
the oral intake of probiotic product.

Significant differences at species level detected in gut
microbiota are shown in Figure 4. Immediately after
the probiotic administration, a significant increase of
Blautia producta, Blautia wexlerae and Haemophilus
ducrey load was observed, together with a reduction of
Holdemania filiformis, Escherichia vulneris, Gemmiger
formicilis and Streptococcus sinensis abundance (Figure
4A).
Interestingly, the reduction of Holdemania filiformis
remained stable up to one month after the end of
probiotic intake (p < 0.05) (Figure 4B).
In addition, during the follow-up period a further
decrease in Escherichia vulneris and Gemmiger
formicilis load, together with a reduction of Roseburia
faecis and Ruminococcus gnavus abundance was
observed (Figure 4B). Differently, an opposite trend
was highlighted for Akkermansia muciniphila which
abundance was increased if compared to samples
collected at the beginning of the experimental time
course (p < 0.05) (Figure 4B).

Colonization ability of B. longum BB536 and
L. rhamnosus HN001

After one month of probiotic administration, an
increase of B. longum load was detected in 6 of 8
subjects belonging to the pre-prandial group (Figure
1A). This increase was maintained 1 mo after the
end of the probiotic consumption. In 2 individuals
(subjects 3 and 5) the B. longum load after the
end of the treatment was higher than that detected
immediately after the probiotic oral intake (Figure 1A).
In the post-prandial group, however, we observed an
increase of B. longum abundance up to 1 mo after the
end of the probiotic in 4 subjects (Figure 1A). Only
in one individual (subject 13), 1 mo after the end
of the probiotic oral intake the B. longum load was
higher than both baseline samples and samples taken
immediately after the probiotic oral intake (Figure 1A).
Moreover, after 1 mo of probiotic administration an
increase of L. rhamnosus load was observed in 5 of 8
subjects belonging to the pre-prandial group (Figure
1B). This increase was also found 1 mo after the end
of the probiotic, although L. rhamnosus abundance
was slightly lower than that detected immediately after
the month of probiotic administration (Figure 1B). In
the post-prandial administration group, L. rhamnosus
was increased in 4 subjects up to 1 mo after the end
of probiotic oral intake.

DISCUSSION
To date, there is little evidence about the ability of
probiotics to influence the gut microbiota composition
and many factors can negatively influence conclusions
drawn from different studies. The administration of
different probiotic species or strains, the duration of
probiotic administration, the use of monostrain or
multistrains products and the presence of numerous
variables related to the host’s lifestyle are all elements
[23]
which can lead to different scientific conclusions .
In the present study, the timing of probiotic
administration did not significantly influence the
colonization ability of B. longum BB536 and L.
rhamnosus HN001. Indeed, both probiotic strains
were capable to colonize the intestinal environment
independently of the pre- or post-prandial oral intake.
Furthermore, the two probiotic strains did not influence
the gut microbiota diversity and richness of healthy

Effects of B. longum BB536 and L. rhamnosus HN001 on
gut microbiota biodiversity

To evaluate the bacterial diversity and richness in the
gut microbiota before and after the intake of B. longum
BB536 and L. rhamnosus HN001 we calculated, for
each time point, Shannon’s, Simpson’s and Chao’s
indices reported in Figure 2. Although no significant
differences in gut microbiota biodiversity were observed
after B. longum BB536 and L. rhamnosus HN001 oral
intake, a slight reduction of Chao’s index was detected
one month after the end of probiotic administration.

WJG|www.wjgnet.com

2699

April 21, 2017|Volume 23|Issue 15|

Toscano M et al . Probiotics and gut microbiota

A

Before probiotic oral intake

1 mo of probiotic oral intake

1 mo after the end of probiotic oral intake
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CFU/g of feces
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1.00E+10
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0.00E+00
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7

8

9
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Pre-prandial oral intake (8 samples)

B

Before probiotic oral intake
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Post-prandial oral intake (8 samples)

1 mo of probiotic oral intake

1 mo after the end of probiotic oral intake
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7

8

Pre-prandial oral intake (8 samples)
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15
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Post-prandial oral intake (8 samples)

Figure 1 Colonization ability of Bifidobacterium longum BB536 (A) and Lactobacillus rhamnosus HN001 (B). Bar graphs represent the abundance of each
bacterial strain, expressed as colony-forming unit per gram of feces (CFU/g feces), recovered from each subject belonging to the pre-prandial group and post-prandial
group.
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A

Shannon's index

Before probiotic oral intake
After 1 mo of probiotic oral intake
Follow-up period
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P < 0.05

40000.00
30000.00
20000.00

0.00

Simpson's index

Actinobacteria Bacteroidetes Firmicutes

Proteobacteria

Figure 3 Distribution of the main bacterial phyla detected in fecal samples
before Lactobacillus rhamnosus HN001 and Bifidobacterium longum
BB536 consumption, after one month of probiotic administration and
one month after the end of probiotic oral intake. Any significant reduction is
indicated by an asterisk (P < 0.05).

1.8
1.6
1.4

[24]

1.2
T0

T1

dependent . We assume that B. longum BB536 and
L. rhamnosus HN001 had a good colonization ability: an
increase in B. longum and L. rhamnosus fecal load was
detected in the majority of subjects analyzed after the
probiotic supplementation. They also had an impact on
the gut microbiota composition at phylum level; indeed,
a significant reduction of Firmicutes was detected after
one month of probiotic oral intake. This result may be
of importance since a high abundance of Firmicutes has
previously been related to obesity, and with a reduction
[25]
of Bacteroidetes , as obese individuals often show
an unbalanced ratio of Firmicutes and Bacteroidetes in
their intestinal microbiota. Researchers hypothesized
that the Firmicutes phylum contains numerous bacterial
species with an increased ability to harvest energy from
[25]
diet, leading to a large increase in total body fat .
Interestingly, the further reduction of Firmicutes we
observed after the end of probiotic administration was
concomitant to a significant reduction of Proteobacteria,
a bacterial phylum often involved in the onset and
[25]
progression of gastrointestinal diseases . In particular,
different microorganisms belonging to Proteobacteria,
such as Campylobacter, enterohepatic Helicobacter
and Escherichia coli are often associated with the
pathogenesis of inflammatory bowel disease (IBD),
being able to negatively influence the immune system
[26]
and enhance intestinal inflammation . Consequently,
these changes can be considered positive marks
due to B. longum BB536 and L. rhamnosus HN001,
which seem to be acting as beneficial biomodulators
of gut microbiota. Changes observed at phylum level
were then confirmed by analyzing the distribution of
intestinal bacterial species after probiotic oral intake;
indeed, the Escherichia vulneris, Gemmiger formicilis
and Ruminococcus gnavus load was reduced after
probiotic administration. These microorganisms have
numerous mechanisms, including secretion of toxins
and colonization factors, for inducing the imbalance

T2

Times points
Chao's index

C
70
Chao distribution

50000.00

10000.00

2.0

60
50
40
30

P < 0.05

60000.00

1.5

B

P < 0.05

70000.00

Reads abundance

Shannon distribution

3.0

T0

T1

T2

Times points

Figure 2 The Shannon (A), Simpson (B) and Chao’s (C) indices before
probiotic oral intake (T0), one month after probiotic administration (T1)
and one month after the end (T2) of Lactobacillus rhamnosus HN001 and
Bifidobacterium longum BB536 consumption. Mann-Whitney tests were
performed for each pair wise comparison and the Kruskal-Wallis test across all
three groups.

individuals, as no significant changes in the Shannon,
Simpson and Chao indices were detected. However,
the Chao index was slightly decreased one month after
the end of probiotic oral intake, suggesting a certain
degree of uniformity between the gut microbiota of
different subjects analyzed. These results confirmed
data of a previous work which highlighted no significant
effects of probiotics on the gut microbiota diversity
[23]
and richness . The lack of activity of certain probiotic
strains on the gut microbiota could be related to their
inability to colonize the intestinal environment. The
ability to adhere to and colonize the gut, indeed, is a
fundamental feature for probiotic microorganisms to be
effective on the host and is closely species- and strain-
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A

of muscular activity and epithelial cell proliferation
and in the enhancement of blood through the colonic
[31,32]
vasculature
. Moreover, several studies have already
demonstrated the ability of both B. longum BB536 and
L. rhamnosus HN001 to decrease the severity of allergic
responses and positively stimulate a host’s immune
[20,33]
system
. The latter, in particular, could be mediated
by both a direct interaction between probiotic strains
and cells of the immune system, and modulation of
intestinal microorganisms able to influence pro- and
anti-inflammatory response. Considering this, the
regulation of gut microbiota composition by probiotic
bacteria takes on an even more important role in
maintaining a host’s health. Intestinal microbiota,
indeed, participating in the regulation of the immune
system, is closely involved in the onset or manifestation
[34]
of allergic diseases, such as atopic dermatitis .
A dysbiotic microbiota can enhance intestinal and
cutaneous pro-inflammatory response by production
of metabolites and toxins with a strong inflammatory
[34]
power . Intestinal Staphylococcus aureus, for
instance, which was observed to be more abundant in
patients affected by moderate/severe atopic dermatitis,
is able to produce a toxin with superantigenic properties
[35]
that exacerbates atopic symptomatology .
More interestingly, the beneficial impact that B.
longum and L. rhamnosus strains had on intestinal
homeostasis is underlined by the significant increase of
Akkermansia muciniphila detectable only after the end
of probiotic intake. A. muciniphila is closely related with
human health and it is inversely associated with body
[36]
fat mass and glucose intolerance . Moreover, this
bacterium seems to be involved in the maintenance of
intestinal barrier functions and above all in prevention
of intestinal inflammation, playing a pivotal role in
[37]
the host’s overall health status . Also the persisting
reduction of Streptococcus sinensis one month after
the probiotic supplementation can be considered a
positive mark for probiotic supplementation, as S.
sinensis is a potential pathogenic microorganism which
[38]
could be directly involved in infective endocarditis .
Consequently, its decrease can further underline
the beneficial impact that B. longum BB536 and L.
rhamnosus HN001 administration may have on gut
microbiota of healthy individuals.
In conclusion, our preliminary data highlighted the
probiotic activity exerted by a B. longum BB536 and L.
rhamnosus HN001 combination which influences the
intestinal environment. The two probiotic strains have
been demonstrated to influence the gut microbiota
composition, even if all bacterial changes detected after
probiotic intake have not yet been well-characterized.
However, a reduction of potential harmful bacteria
and an increase of beneficial ones may constitute an
important probiotic feature of B. longum BB536 and
L. rhamnosus HN001. Of course, we need further
clinical and pre-clinical studies to demonstrate a clear
application of this probiotics combination in the clinical
field.
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Figure 4 Significant changes in the gut bacterial species composition:
(A) bacterial distribution after 1 mo of probiotic oral intake; (B) bacterial
distribution one month after the end of probiotic (follow up) (P < 0.05).

of intestinal homeostasis and leading to the the
[27-29]
onset of gastrointestinal diseases
. In particular,
Ruminococcus gnavus may possess different pathogenic
traits and virulence factors, as it was already observed
being involved in two cases of bacteremia associated
[29]
with diverticular disease . Similarly, Gemmiger
formicilis, together with Ruminococcus lactaris and
Enterococcus durans, has been observed to be sig
nificantly increased in individuals with Chron’s disease
[30]
and subjected to recurrence of inflammatory lesions .
Probably, these bacteria can act as pro-inflammatory
modulators enhancing the inflammatory state and
worsening symptomatology associated to the disease.
Interestingly, the anti-inflammatory effect B. longum
and L. rhamnosus strains was further highlighted by
the greater abundance of Blautia producta and Blautia
wexlerae during the follow-up period if compared
to samples collected at the beginning of the study
and after one month of probiotic administration.
Blautia spp, indeed, produce short-chain fatty acids,
which act as main fuel for enterocytes, and antiinflammatory compounds involved in the promotion
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Abstract
AIM
To investigate the effects of Hwangryunhaedok-tang
(HHT) on gastrointestinal (GI) motility in mice.

Author contributions: Kim H and Kim BJ designed the
research; Kim H, Kim I, Lee MC, Kim HJ, Lee GS and Kim H
performed the experiments; Kim H and Kim BJ analyzed the
data; and Kim H and Kim BJ wrote the paper.

METHODS
The effects of a boiling water extract of HHT (HHTE)
on GI motility were investigated by calculating percent
intestinal transit rates (ITR%) and gastric emptying (GE)
values using Evans Blue and phenol red, respectively,
in normal mice and in mice with experimentally induced
GI motility dysfunction (GMD). In addition, the effects
of the four components of HHT, that is, Gardeniae
Fructus (GF), Scutellariae Radix (SR), Coptidis Rhizoma
(CR), and Phellodendri Cortex (PC), on GI motility were
also investigated.
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RESULTS
In normal ICR mice, ITR% and GE values were sig
nificantly and dose-dependently increased by the
intragastric administration of HHTE (0.1-1 g/kg). The
ITR% values of GMD mice were significantly lower
than those of normal mice, and these reductions
were significantly and dose-dependently inhibited by
HHTE (0.1-1 g/kg). Additionally, GF, CR, and PC dosedependently increased ITR% and GE values in normal
and GMD mice.

Manuscript source: Unsolicited manuscript
Correspondence to: Byung Joo Kim, PhD, Associate
Professor, Division of Longevity and Biofunctional Medicine,
Healthy Aging Korean Medical Research Center, School
of Korean Medicine, Pusan National University, Beomeori,
Mulgeum-eup, Yangsan 50612, Gyeongsangnamdo,
South Korea. vision@pusan.ac.kr
Telephone: +82-51-5108469
Fax: +82-51-5108420

WJG|www.wjgnet.com

CONCLUSION
These results suggest that HHT is a novel candidate for
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the development of a gastroprokinetic agent for the GI
tract.

Table 1 Composition of Hwangryunhaedok-tang
Herbal name

Key words: Hwangryunhaedok-tang; Gastrointestinal
motility; Intestinal transit rate; Gastric emptying;
Gastroprokinetic

Coptidis Rhizoma
Scutellariae Radix
Phellodendri Cortex
Gardeniae Fructus
Total

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Amount (g)
0.67
1.00
1.00
1.00
3.67

(Incheon, South Korea). It is composed of Coptidis
Rhizoma, Scutellariae Radix, Phellodendri Cortex,
and Gardeniae Fructus (Table 1). The materials were
authenticated by Professor Hyungwoo Kim (Division
of Pharmacology, Pusan National University, School
of Korean Medicine, Yangsan, South Korea). The
extract of HHT (HHTE) was prepared by boiling HHT
in water for three hours. The standard adult dose
of HHTE is 10-15 g (based on HHT) per day. More
information about HHT can be found at the I-WORLD
Pharmaceuticals Homepage (http://i-pharm.koreasme.
com). The HHT was dissolved in distilled water at a
concentration of 0.5 g/mL and stored in a refrigerator
until required.

Core tip: Hwangryunhaedok-tang, a traditional herbal
medicine, has been widely used in Korea for many
years to ameliorate gastrointestinal (GI) disorders.
Our data suggest that Hwangryunhaedok-tang
may be a novel candidate for the development of a
gastroprokinetic agent and for the treatment of GI
motility dysfunction.
Kim H, Kim I, Lee MC, Kim HJ, Lee GS, Kim H, Kim BJ.
Effects of Hwangryunhaedok-tang on gastrointestinal motility
function in mice. World J Gastroenterol 2017; 23(15): 2705-2715
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2705.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2705

Profiling the Chemical Contents of HHTE by HPLC

Geniposide, berberine chloride, baicalin, and wogonin
were purchased from Wako (Japan). HPLC-grade
water and methanol were obtained from JT Baker
Inc. (Phillipsburg, NJ, United States). Trifluoroacetic
acid was purchased from Sigma-Aldrich (St. Louis,
MO, United States). These standard compounds were
accurately weighed and dissolved in methanol at 1000
µg/mL; these solutions were diluted 10-fold before
injection. An Agilent 1200 (Agilent Technologies, Santa
Clara, CA, United States) equipped with a quaternary
pump, autosampler, column oven, and diode-array
detector was used. The acquired data were pro
cessed using ChemStation software (ver.B.03.02).
Chromatographic separation was performed on an
XDB C18 column (4.6 × 150 mm, 5 µm; Agilent, United
States) at 35 ℃. The mobile phase consisted of water
containing 0.1% trifluoroacetic acid (A) and methanol
(B). The program used was as follows: 30% (B) for 1
min, 30%-80% (B) over 1-13 min, and held at 80% B
for 1 min, followed by a re-equilibration with 30% (B).
The flow rate was set at 0.8 mL/min and the injection
volume at 10 µL. The detection wavelengths used were
240 nm for geniposide, 260 nm for berberine chloride,
and 275 nm for baicalin and wogonin. Standard com
pounds were detected in the chromatogram of HHTE at
the following retention times: 5.2 min for geniposide,
9.1 min for berberine chloride, 10.1 min for baicalin,
and 14.7 min for wogonin (Figure 1).

INTRODUCTION
Hwangryunhaedok-tang (HHT; Huang-Lian-JieTang in Chinese or Oren-gedoku-to in Japanese) is
prepared using Coptidis Rhizoma (Coptis chinensis
Franch., Ranunculaceae), Scutellariae Radix (Scutellaria
baicalensis Georgi, Labiatae), Phellodendri Cortex
(Phellodendron amurense Rupr., Rutaceae), and
Gardeniae Fructus (Gardenia jasminoides Ellis,
[1]
Rubiaceae) . HHT has been used to treat various
[2,3]
symptoms, including those of inflammatory diseases ,
[4]
[5]
cardiovascular diseases , diabetes mellitus , liver
[6]
[7]
[8]
diseases , brain injury and obesity . It is also used to
[9-12]
prevent or ameliorate gastrointestinal (GI) diseases
.
However, no study has previously addressed the effect
of HHT on GI motility.
Prokinetic agents can enhance coordinated GI
[13]
motility and the transit of GI tract contents . The
recent importance use of cohabitation prokinetic
agents hashas increased quality of life in patients with
[14]
GI motility disorders , and there is an increasing need
to develop safer and more effective gastroprokinetic
agents. However, despite the widespread use of HHT
to treat GI disorders, little is known of its regulatory
effects on GI motility. Therefore, we undertook this
study to investigate the effects of HHT on the mouse
GI tract in vivo.

Ethics

MATERIALS AND METHODS

Animal care and experiments were conducted
in accordance with the guidelines issued by the
Institutional Animal Care and Use Committee at Pusan

Preparation of HHT extract

HHT was purchased from I-WORLD Pharmaceuticals
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Figure 1 HPLC chromatograms of standard compounds (A) and extract of Hwangryunhaedok-tang (B) obtained at a UV wavelength of 240 nm. 1,
Geniposide; 2, berberine chloride; 3, baicalin; 4, wogonin.

National University (Busan, South Korea; Approval
no. PNU-2015-1036) and those issued by the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals.

measuring the distance the Evans Blue had migrated in
the intestine (from the pylorus to its most distal point).
Intestinal transit was quantified using ITR% values,
which were calculated by expressing the distance
traveled by Evans Blue in 30 min as a percentage of
total small intestine length (from the pylorus to the
ileal terminus).

Animals

Male ICR mice (Samtako BioKorea Co., Ltd., Osan,
Republic of Korea) weighing 20-25 g were used to
investigate the in vivo effects of HHTE on GI motility.
The animals were maintained under controlled
conditions (20 ± 4 ℃, relative humidity 51% ± 5%,
lights on 6 a.m.-6 p.m.). The animals were allowed
free access to a commercial diet and tap water but
were deprived of food for 24 h before the experiments.
All experiments were conducted between 10 a.m. and
3 p.m.

Induction of GI motility dysfunction in mice

Two experimental GI motility dysfunction models, that
is, an acetic acid (AA)-induced peritoneal irritation
mouse model and an STZ-induced diabetic mouse
model, were used. For the AA model, peritoneal
irritation was induced by administering AA to ICR mice
30 min after the i.g. administration of HHTE (or DW
as a vehicle control). AA (0.6% w/v in saline) was
injected intraperitoneally (i.p.) at 10 mL/kg. After the
injection of AA, the mice were placed in individual
cages and allowed to recover for 30 min. For the STZinduced diabetic mouse model, male ICR mice aged 4-5
wk and weighing 20-25 g were used to investigate the
in vivo effects of HHTE on GI motility. The mice were
randomly allocated to two groups: a control group
and a diabetic group. To produce diabetes, the mice
were fasted overnight, and on the following day, STZ
(Sigma-Aldrich, St. Louis, MO, United States) solution
was administered i.p. Fresh STZ solution was prepared

Measurement of intestinal transit rates using Evans
Blue

To determine the intestinal transit rates (ITR%)
associated with HHTE in vivo, we used Evans Blue
solution (5% w/v in distilled water (DW)). Evans Blue
solution was administered (0.1 mL/kg of body weight,
i.g.) through an orogastric tube 30 min after HHTE
was administered i.g. to normal ICR mice. The animals
were sacrificed 30 min after Evans Blue administration,
and intestinal transit distances were determined by
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values < 0.05.

Table 2 Contents of four marker components of Hwangryun
haedok-tang by HPLC (n = 4)
Compound

Content (%)

Geniposide
Berberine chloride
Baicalin
Wogonin

2.684 ± 0.014
0.993 ± 0.006
5.081 ± 0.027
0.040 ± 0.003

RESULTS
Functional components of HHTE

The presence of geniposide, berberine chloride, baicalin,
and wogonin in HHTE was confirmed by HPLC, and their
levels were quantified using calibration curves obtained
using purchased standards (Table 2 and Figure 1).
Validation of the method used confirmed its reliability
and stability.

in 0.1 mol/L ice-cold citrate buffer (pH 4.0) and
[13]
administered at 200 mg/kg body weight . Control
mice received the same volume of 0.1 mol/L citrate
buffer i.p. Two months after STZ injection, blood was
withdrawn from a tail vein after an 8 h fast, and blood
glucose concentrations were measured using a ONETOUCH Select Simple kit (Johnson & Johnson Medical
Company). Diabetes was defined as a blood glucose
level of > 16 mmol/L. No mortality occurred during
the study period, and no mouse recovered from STZinduced diabetes.

Effects of HHTE on GE in normal mice

In normal mice, HHTE (0.01, 0.1 and 1 g/kg)-treated
groups showed significantly higher GE (%) values
than non-treated controls [GE values for HHTE at
0.01, 0.1 and 1 g/kg were 58.7% ± 1.2%, 63.4% ±
1.9% (P < 0.001) and 66.2% ± 0.9% (P < 0.001),
respectively; Figure 2A]. Furthermore, its effects were
dose dependent in the dosage range 0.01 to 1 g/kg,
and at 1 g/kg HHTE had effects similar to those of
mosapride at 5 mg/kg [67.4% ± 1.8% (P < 0.001)]
and domperidone at 5 mg/kg [67.8% ± 1.3% (P <
0.001)] (Figure 2A). Next, we examined loperamideinduced and cisplatin-induced models of GE delay to
determine whether HHTE could increase GE in these
abnormally depressed GE models. In the loperamideinduced model of GE delay, the mean GE was lower
than normal [44.2% ± 2.2% (P < 0.001); Figure 2B],
and this decrease was inhibited by HHTE at doses
from 0.01 to 1 g/kg [GE values for HHTE at 0.01, 0.1
and 1 g/kg were 44.6% ± 0.9%, 48.7% ± 1.3% (P <
0.001) and 54.9% ± 1.1% (P < 0.001), respectively;
Figure 2B]. The highest efficacy was obtained at 1
g/kg HHTE, and this effect was comparable to that of
5 mg/kg mosapride [55.6% ± 1.3% (P < 0.001)] or
5 mg/kg domperidone [55.2% ± 1.5% (P < 0.001)]
(Figure 2B). In addition, in the cisplatin-induced model
of GE delay, decreased GE was also inhibited by HHTE
(0.01, 0.1 or 1 g/kg) [GE values at HHTE 0.01, 0.1
and 1 g/kg were 42.4% ± 2.3%, 46.0 ± 1.9% (P <
0.05) and 51.8% ± 2.0% (P < 0.001), respectively;
Figure 2C]. The highest efficacy was obtained at an
HHTE dose of 1 g/kg, and this effect was comparable
to that of 5 mg/kg mosapride [54.9% ± 1.6% (P <
0.001)] or 5 mg/kg domperidone [53.6% ± 0.9% (P
< 0.001)] (Figure 2C).

Evaluation of gastric emptying

GE was assessed by administering a 0.05% (w/v)
phenol red solution (0.5 mL/mouse) 30 min after
administering HHTE. The mice were sacrificed 20 min
later, and the stomachs were immediately removed,
cut into several pieces in 5 mL of 0.01 N NaOH, and
homogenized. The homogenates were treated with 0.2
mL of 20% trichloroacetic acid per mL of homogenate.
The mixtures were centrifuged for 10 min at 1050
g, and the supernatants (0.05 mL) so obtained were
added to 0.5 N NaOH (0.2 mL). The absorbances of
these mixtures were measured using a spectrometer
at 560 nm. Gastric emptying (GE) (%) was calculated
using 100-(A/B) × 100, where A is test stomach
absorbance (560 nm) and B is control stomach
absorbance (560 nm) immediately after phenol red
administration.

Drugs

All drugs were purchased from Sigma-Aldrich (SigmaAldrich, St. Louis, MO, United States). In addition,
an aqueous extract of the dried immature fruit of
Poncirus trifoliata Raf. (PF) was prepared, as previously
[15,16]
described
, and its prokinetic activities were
compared with those of HHTE. PF is one of the most
popular traditional folk medicines in Korea and is
obtained from the fruits of Rutaceae. Furthermore, PF
has been shown to possess unique, potent prokinetic
activities in normal rodents and in rodents with GI
[15]
motility dysfunction (GMD) .

Effects of Gardeniae Fructus, Scutellariae Radix,
Coptidis Rhizoma and Phellodendri Cortex extracts on
GE in normal mice

HHT is composed of Gardeniae Fructus (Gardenia
jasminoides Ellis), Scutellariae Radix (Scutellaria
baicalensis Georgi), Coptidis Rhizoma (Coptis chinesis
Franch.), and Phellodendri Cortex (Phellodendron
[1]
amurense Rupr.) . Therefore, we investigated the
effects of these components on GE in normal mice.
Gardeniae Fructus (GF) (0.1 or 1 g/kg)-treated groups

Statistical analysis

The results are expressed as the mean ± SE. Statis
tical analysis was performed using Student’s t-test
or by ANOVA followed by Bonferroni’s post hoc test, as
appropriate. Statistical significance was accepted for P
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A

showed significantly higher GE (%) values than normal
controls [GE values at HHTE 0.01, 0.1 and 1 g/kg were
58.9% ± 1.6%, 63.5% ± 0.9% (P < 0.001) and 66.5%
± 1.8% (P < 0.001), respectively; Figure 3A], and
its effects were dose dependent in the dosage range
0.01 to 1 g/kg. HHTE at 1 g/kg had effects similar to
those of mosapride at 5 mg/kg [67.1% ± 1.4% (P <
0.001)] and domperidone at 5 mg/kg [67.6% ± 1.5%
(P < 0.001)] (Figure 3A). However, Scutellariae Radix
(SR) (0.01, 0.1 and 1 g/kg) had no effect on GE (%)
values [GE values at HHTE 0.01, 0.1 and 1 g/kg were
58.9% ± 1.3%, 59.0% ± 1.4% and 58.7% ± 0.9%,
respectively; Figure 3B]. On the other hand, Coptidis
Rhizoma (CR) (1 g/kg) significantly enhanced GE (%)
values [GE values at HHTE 0.01, 0.1, and 1 g/kg were
58.4% ± 1.6%, 61.2% ± 1.3% and 64.0% ± 0.9%
(P < 0.001), respectively; Figure 3C], and its effects
were dose dependent in the dosage range 0.01 to 1
g/kg. Furthermore, CR at 1 g/kg had effects similar
to those of mosapride at 5 mg/kg and domperidone
at 5 mg/kg (Figure 3C). Similarly, Phellodendri Cortex
(PC) (1 g/kg) significantly enhanced GE (%) values
compared with normal controls [GE values at HHTE
0.01, 0.1, and 1 g/kg were 58.9% ± 1.2%, 60.8% ±
1.5% and 62.9% ± 0.8% (P < 0.01), respectively;
Figure 3D]. Its effects were dose dependent in the
dosage range 0.01 to 1 g/kg, and at 1 g/kg PC had
effects similar to those of mosapride at 5 mg/kg and
domperidone at 5 mg/kg (Figure 3D). These results
indicate that GF, CR, and PC enhanced GE in mice.

e
e
e
e

80

Gastric emptying (%)

70
60
50
40
30
20
10
0

Normal

Mosa.

Dom.

0.01

0.1

1

HHTE (g/kg, i.g. )

B

e

e
e
e
e

60

Gastric emptying (%)

50
40
30
20
10
0

Normal Control Mosa. Dom.

0.01

0.1

1

HHTE (g/kg, i.g. )

Effects of HHTE on ITR% in normal mice

Loperamide 5 mg/kg (p.o.)

C

The mean ITR% for Evans Blue after 30 min in normal
mice was 48.4% ± 2.4% (Figure 4A). PF (1 g/kg),
which has been demonstrated to have prokinetic
[15]
activity in the GI tract , significantly increased ITR%
[64.4% ± 1.8% (P < 0.001)]. HHTE increased ITR%
dose-dependently [ITR% values at 0.01, 0.1 and 1 g/kg
were 47.8% ± 1.9%, 53.2% ± 0.8% (P < 0.01) and
62.2% ± 1.1% (P < 0.001), respectively; Figure 4A].
Loperamide decreased ITR%, which is consistent with
[16]
previous reports , and HHTE inhibited this loperamideinduced ITR% decrease [ITR% for loperamide 33.8% ±
1.3%, and ITR% for loperamide with HHTE was 43.6%
± 2.1% (P < 0.001); Figure 4A].
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To examine the effect of HHTE on GI motility, we
used AA and STZ-induced diabetic mouse models of
experimental GMD. The AA mouse model showed a
significant ITR% decrease (to 32.8% ± 1.3% vs the
48.4 ± 2.4% of normal controls; P < 0.001; Figure
4B). However, intragastric treatment with HHTE at 0.01,
0.1, or 1 g/kg significantly inhibited this reduction
[to 34.1% ± 0.7%, 40.6% ± 0.9% (P < 0.001) and
47.6% ± 1.1% (P < 0.001), respectively; Figure
4B]. No abnormal clinical signs or changes in AA
mice were observed after administration of HHTE. In
addition, loperamide decreased ITR% in AA mice [to

Cisplatin 5 mg/kg (p.o.)

Figure 2 Increasing effect of extract of Hwangryunhaedok-tang on normal
gastric emptying and on loperamide- or cisplatin- induced delayed gastric
emptying. A 5-HT4 receptor agonist (mosapride, 5 mg/kg) or a dopamine
receptor antagonist (domperidone, 5 mg/kg) was administered in distilled
water. A: After a 24 h fast, animals (n = 6/group) were orally dosed with HHTE
at the indicated dosages; B: Loperamide-induced gastric emptying (GE)
delay was prevented by Lizhong Tang extract; C: Lizhong Tang pretreatment
prevented cisplatin-induced GE delay. GE percentages were calculated as
described in Materials and Methods. Bars represent mean ± SE. aP < 0.05, eP
< 0.001. Significantly different from normal controls. Mosa.: Mosapride; Dom.:
Domperidone; p.o.: per os, oral administration; i.p.: Intraperitoneally.
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Figure 3 Effects of the four components of extract of Hwangryunhaedok-tang on gastric emptying. A: 5-HT4 receptor agonist (mosapride, 5 mg/kg) or a
dopamine receptor antagonist (domperidone, 5 mg/kg) was administered in distilled water. After a 24 h fast, animals (n = 6/each group) were orally dosed with four
components of HHTE, that is, A: Gardeniae Fructus (GF); B: Scutellariae Radix (SR); C: Coptidis Rhizoma (CR); or D: Phellodendri Cortex (PC), at the indicated
dosages. GE percentages were calculated as described in Materials and Methods. Bars represent mean ± SE. bP < 0.01, eP < 0.001. Significantly different from
normal controls. Mosa.: Mosapride; Dom.: Domperidone.

27.6% ± 0.9% (P < 0.001)], and HHTE reduced this
decrease [to 35.4% ± 0.9% (P < 0.001); Figure 4B].
Furthermore, STZ-induced diabetic mice also showed
significant ITR% reduction (to 38.1% ± 0.7%; Figure
4C), and this was also significantly inhibited by HHTE
at 0.01, 0.1 or 1 g/kg [to 37.4% ± 0.9%, 40.6% ±
0.9% (P < 0.05) and 46.4% ± 1.1% (P < 0.001),
respectively; Figure 4C]. No abnormal clinical signs or
changes were observed in STZ-induced diabetic mice
after administration of HHTE. In addition, loperamide
decreased ITR% in STZ-induced diabetic mice [to
29.2% ± 0.8% (P < 0.001)], and HHTE reduced this
decrease [to 39.1% ± 0.7% (P < 0.001); Figure 4C].
These results indicate that HHTE increased ITR% in
mice with GMD.

respectively, vs the 48.4% ± 2.4% of normal controls;
(Figure 5A1)]. As mentioned above, the AA mouse
model showed significant ITR% reduction [to 25.2% ±
1.2% (P < 0.001 vs normal controls); (Figure 5A2)].
However, significant inhibition of this reduction was
observed when GF was administered at 0.01, 0.1, or
1 g/kg intragastrically [to 25.1% ± 1.3%, 27.3% ±
0.7% and 36.4% ± 0.9% (P < 0.001), respectively;
(Figure 5A2)], but not when SR was administered at
these levels (Figure 5B2). In addition, STZ-induced
diabetic mice showed significant ITR% reduction
(to 33.8% ± 1.3%; Figure 5A3), and this was also
significantly inhibited by GF at 0.01, 0.1 or 1 g/kg [to
34.2% ± 0.8%, 37.2% ± 1.5% (P < 0.01) and 45.8%
± 1.0% (P < 0.001), respectively; (Figure 5A3)] but
not by SR (0.01, 0.1 and 1 g/kg) (Figure 5B1). CR
increased ITR% dose-dependently when administered
to normal controls [ITR% values at 0.01, 0.1 and 1
g/kg were 44.2% ± 0.8%, 48.6% ± 1.1% (P < 0.001)
and 55.2% ± 1.6% (P < 0.001), respectively; (Figure
6A1)]. The AA mouse model showed significantly

Effects of GF, SR, CR and PC extracts on ITR% in normal
and GMD mice

GF increased ITR% dose-dependently [ITR% values
at 0.01, 0.1 and 1 g/kg were 44.4% ± 1.1%, 51.6%
± 0.9% (P < 0.001) and 57.8% ± 0.8% (P < 0.001),

WJG|www.wjgnet.com

2710

April 21, 2017|Volume 23|Issue 15|

Kim H et al . Hwangryunhaedok-tang and GI motility function

A
b

e

70

e

lower ITR% values [25.1% ± 1.3% (P < 0.001 vs
normal controls); (Figure 6A2)]. However, significant
inhibition of this reduction was observed when CR was
administered at 0.01, 0.1, or 1 g/kg intragastrically
[25.1% ± 1.1%, 28.8% ± 1.2% (P < 0.001) and
34.2% ± 0.8% (P < 0.001), respectively; (Figure
6A2)]. In addition, STZ-induced diabetic mice showed
significant ITR% reduction [to 34.1% ± 1.6%; (Figure
6A3)], and this was also significantly inhibited by CR at
0.01, 0.1 or 1 g/kg [34.1% ± 0.9%, 37.1% ± 1.4% (P
< 0.05) and 43.2% ± 1.9% (P < 0.001), respectively;
(Figure 6A3)]. Furthermore, PC increased ITR% dosedependently [ITR% values at 0.01, 0.1 and 1 g/kg
were 50.1% ± 2.1% (P < 0.001), 55.6% ± 2.3% (P <
0.001) and 60.2% ± 1.8% (P < 0.001), respectively;
(Figure 6B1)]. The AA mouse model showed
significant reduction in ITR% [to 24.4% ± 1.8% (P <
0.001 vs normal controls); (Figure 6B2)]. However,
PC at 0.01, 0.1, or 1 g/kg significantly inhibited this
reduction [to 27.5% ± 1.5%, 32.6% ± 1.4% (P <
0.001) and 38.8% ± 1.5% (P < 0.001), respectively;
(Figure 6B2)]. STZ-induced diabetic mice showed
significant ITR% reduction (to 35.8% ± 1.3%; Figure
6B3) vs normal controls, and this was also significantly
inhibited by PC at 0.01, 0.1 or 1 g/kg [to 38.4% ±
1.6%, 42.8% ± 1.4% (P < 0.001) and 42.8% ± 1.5%
(P < 0.001), respectively; (Figure 6B3)]. No abnormal
clinical signs or changes were observed in AA mice or
STZ-induced diabetic mice after administration of GF,
SR, CR, or PC. These results indicate that GF, CR, and
PC increased ITR% in mice with GMD.
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In this study, HHTE-treated mice had significantly
greater GE values than normal mice, and HHTE at
1 g/kg was found to have effects similar to those of
mosapride and domperidone (Figure 2A). Furthermore,
in abnormally depressed (loperamide- and cisplatininduced) GE models, HHTE increased GE (Figure 2B
and C). Additionally, GF, CR and PC, that is, three
of the four components of HHTE, also enhanced GE
in mice (Figure 3). In addition, HHTE significantly
and dose-dependently enhanced ITR% (Figure 4A).
In experimental GMD (AA mouse and STZ-induced
diabetic mouse) models, HHTE significantly inhibited
GMD-induced reductions in ITR% (Figure 4B and C).
Additionally, GF, CR, and PC increased ITR% in normal
and GMD mice (Figures 5 and 6). Gastroprokinetic
agents are considered a first-line option for treating
GI motility disorders, especially delayed gastric
[17]
emptying . These drugs stimulate peristalsis and
may specifically improve GI motility function by influen
[17,18]
cing GI contractions and rhythms
and include
5-hydroxytryptamine (5-HT)4 receptor agonists (e.g.,
cisapride, tegaserod, and prucalopride), dopamine
D2 receptor antagonists (e.g., metoclopramide and
domperidone), and motilin receptor agonists such as
[17-20]
erythromycin
. Among the three common types of
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Figure 4 Effects of extract of Hwangryunhaedok-tang on percent
intestinal transit rates in normal mice and in the two gastrointestinal
motility disorder mouse models. A: ITR% values of normal mice pretreated
with HHTE prior to Evans Blue administration (n = 15 for each bar); B: ITR%
values of acetic acid (AA)-induced mice induced 30 min before the i.g.
administration of Evans blue (n = 9 per bar); C: ITR% values of streptozotocin
(STZ)-induced mice induced 2 mo before the i.g. administration of Evans
Blue (n = 9). Bars represent mean ± SE. aP < 0.05; bP < 0.01; eP < 0.001.
Significantly different from normal controls. PF: Poncirus trifoliate Raf; Lope.:
Loperamide; GMDl: Gastrointestinal motility disorder; ITR%: Intestinal transit
rates.
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Figure 5 Effects of Gardeniae Fructus and Scutellariae Radix on percent intestinal transit rates in normal mice and in the two gastrointestinal motility
disorder mouse models. A: ITR% values of (1) normal mice and (2) acetic acid (AA)-induced and (3) streptozotocin (STZ)-induced mice pretreated with GF prior
to Evans Blue administration (n = 10 for each bar); B: ITR% values of (1) normal, (2) acetic acid (AA)-induced, and (3) streptozotocin (STZ)-induced mouse models
pretreated with SR prior to Evans Blue administration (n = 10). Bars represent mean ± SE. bP < 0.01, eP < 0.001. Significantly different from normal controls. PF:
Poncirus trifoliata Raf; GF: Gardeniae Fructus; SR: Scutellariae Radix; GMDl: Gastrointestinal motility disorder; ITR%: Intestinal transit rates.

gastroprokinetic agents, 5-HT4 receptor agonists are
probably the most attractive because they effectively
[21,22]
regulate gastrointestinal motility and sensation
.
5-HT4 receptor agonists stimulate motility and se
cretion by increasing the release of acetylcholine
[21,22]
from excitatory motor neurons
. In addition,
they improve gastric accommodation and ameliorate
[21,22]
impaired visceral sensation
. However, they have
been withdrawn from the market due to their side

WJG|www.wjgnet.com

effects on cardiac rhythmicity (related to prolongation
[23]
of QT intervals) .
Traditional herbal medicines are widely used for the
[24]
initial treatment of GI motility disorders . However,
unfortunately, clinical trials have shown that most are
[25]
ineffective . Thus, new pharmacological therapeutics
are needed to achieve relief from GI-related diseases
[25]
and normalize GI motility . Based on the results of
this study, we believe HHT might mimic the major
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Figure 6 Effects of Coptidis Rhizoma and Phellodendri Cortex on percent intestinal transit rates in normal mice and in the gastrointestinal motility
disorder mouse models. A: ITR% values of (1) normal mice and (2) acetic acid (AA)-induced and (3) streptozotocin (STZ)-induced mice pretreated with CR prior
to Evans Blue administration (n = 10); B: ITR% values of (1) normal mice and (2) acetic acid (AA)-induced and (3) streptozotocin (STZ)-induced mouse models
pretreated with PC prior to evans blue administration (n = 9 for each bar). Bars represent mean ± SE. aP < 0.05, bP < 0.01, eP < 0.001. Significantly different from
normal controls. PF: Poncirus trifoliata Raf; GF: Gardeniae Fructus; SR: Scutellariae Radix; GMDl: Gastrointestinal motility disorder; ITR%: Intestinal transit rates.

excitatory neurotransmitters of the GI tract and act as
a gastroprokinetic agent. Additionally, herbal products
offer an attractive alternative based on perceptions of
[26]
“natural” origins and low risks of side effects .
The interstitial cells of Cajal (ICCs) contribute
to normal GI function by generating electrical slow
[27,28]
waves and mediating neuromuscular signaling
.
Damage to ICCs or reductions in ICC numbers has
[29,30]
been described in many GI motility disorders
, and
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thus it is of considerable importance that studies be
conducted to elucidate the mechanisms underlying ICC
pacemaker activity.
In summary, in normal ICR mice, HHTE and three of
its four components dose-dependently increased ITR%
and GE values. Furthermore, the ITR% reductions in
GMD models were significantly and dose dependently
reduced by treatment with HHTE or its active
components. In addition, HHTE prevented observed
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GE delays in our loperamide- and cisplatin-induced
models. Taken together, our results suggest that HHT is
a good candidate starting point for the development of
a gastroprokinetic agent.
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Abstract
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AIM
To investigate the role of Δ133p53 isoform in nuclear
factor-κB (NF-κB) inhibitor pyrrolidine dithiocarbamate
(PDTC)-mediated growth inhibition of MKN45 gastric
cancer cells.

Institutional review board statement: The study design and
conduct conformed to the Declaration of Helsinki, and was
approved by the Ethics Committee of the Affiliated Hospital of
Weifang Medical University.

METHODS
The growth rate of MKN45 cells after treatment with
different concentrations of only PDTC or PTDC in
combination with cisplatin was detected by the CCK-8
assay. mRNA expression levels of Δ133p53, p53β,
and the NF-κB p65 subunit and p65 protein levels
were detected by reverse transcription-polymerase
chain reaction (RT-PCR) and immunofluorescence,
respectively. Growth of MKN45 cells was significantly
inhibited by PDTC alone in a dose-dependent manner (P
< 0.01). Moreover, the inhibitory effect of cisplatin was
remarkably enhanced in a dose-dependent manner by
co-treatment with PDTC (P < 0.01).

Conflict-of-interest statement: All of the authors declare that
they have no competing interests regarding this paper.
Data sharing statement: The data and materials can be
obtained on request from the authors.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
RT-PCR analysis revealed that mRNA expression of
p65 was curbed significantly in a dose-dependent
manner by treatment with only PDTC (P < 0.01), and
this suppressive effect was further enhanced when
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co-treated with cisplatin (P < 0.01). With respect to
the other p53 isoforms, mRNA level of Δ133p53 was
significantly reduced in a dose-dependent manner by
treatment with only PDTC or PTDC in combination with
cisplatin (P < 0.01), whereas p53β mRNA expression
was not altered by PDTC treatment (P > 0.05). A
similar tendency of change in p65 protein expression,
as observed for the corresponding mRNA, was detected
by immunofluorescence analysis (P < 0.01). Pearson
correlation analysis demonstrated that Δ133p53 and
p65 mRNA expression levels were positively related,
while no significant relationship was observed between
those of p65 and p53β (r = 0.076, P > 0.01).

the common pathogen of both chronic gastritis and
gastric carcinoma. Thus, elucidation of the underlying
molecular mechanisms of H. pylori-associated gastritis
and cancerogenesis could contribute immensely
to the treatment of associated diseases. Both the
nuclear factor-kappa B (NF-κB) and p53 pathways
display significant modifications, some of which are
H. pylori-driven, in the progression of chronic gastritis
[3-6]
to cancerogenesis . A previous study reported that
the interaction of mutant p53 and NF-κB promoted
persistent tissue damage and extended inflammation
and progressed to inflammation-associated human
[7]
colorectal cancer . Results from a recent study further
indicated that Δ133p53 isoform is a crucial molecule
in this process, and focusing on the changes in this
isoform can provide insight into the association of H.
pylori infection with chronic gastritis, precancerous
[8,9]
lesions, and gastric cancerogenesis . Therefore,
understanding the crosstalk between NF-κB and p53
pathways could significantly contribute to cancer
prevention and treatment strategies in inflammationassociated gastric cancerogenesis. Therefore, the
present study was designed to evaluate the role of
Δ133p53 isoform under an NF-κB-inhibited condition
(using the NF-κB inhibitor pyrrolidine dithiocarbamate,
PDTC) and the combined biological effect in MKN45
[10-12]
cells, a gastric cancer cell line with wild-type p53
.

CONCLUSION
Δ133p53 isoform (not p53β) is required in PDTCinduced inhibition of MKN45 gastric cancer cells,
indicating that disturbance in the cross-talk between
p53 and NF-κB pathways is a promising target in
pharmaceutical research for the development of
treatment strategies for gastric cancer.
Key words: Gastric cancer; p53 isoforms; Nuclear
factor-κB
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intestinal-type of gastric cancer develops
from chronic gastritis. Δ133p53 isoform has been
recently identified as an oncogenic actor that is pivotal
in Helicobacter pylori -driven progression of chronic
gastritis to gastric cancerogenesis. These results
suggest that Δ133p53 isoform is required in pyrrolidine
dithiocarbamate-induced inhibition of MKN45 gastric
cancer cells, and disturbance in the cross-talk between
p53 and nuclear factor-κB pathways is a promising
target in pharmaceutical research for the development
of treatment strategies against intestinal-type gastric
cancer.

MATERIALS AND METHODS
Cell culture

The MKN45 human gastric cancer cell line was
supplied by the Cell Bank of Chinese Academy of
Medical Science (Beijing, China) and used before the
tenth passage. Cells were tested for mycoplasmic
infection and cultured in RPMI‑1640 medium, supple
mented with 10% fetal bovine serum, at 37 ℃ in an
atmosphere containing 5% CO2. Cells in the expo
nential growth phase were collected for the following
experiments.

Zhang HM, Sang XG, Wang YZ, Cui C, Zhang L, Ji WS. Role
of Δ133p53 isoform in NF-κB inhibitor PDTC-mediated growth
inhibition of MKN45 gastric cancer cells. World J Gastroenterol
2017; 23(15): 2716-2722 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i15/2716.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i15.2716

CCK-8 analysis

MKN45 cells in the exponential growth phase
4
were digested, seeded in a 96‑well plate (5 × 10
cells/well), and then cultured for 24 h. PDTC, at
concentrations of 25, 50, and 75 µmol/L alone or in
combination with 4 µg/mL cisplatin or an equal volume
of phosphate‑buffered saline (PBS), was added to
the cells, which were then cultured for another 48
h. Medium without any cells or drugs was placed in
the empty wells. Subsequently, the culture medium
was discarded, 20 μL of a mixture of CCK-8 and the
medium at a 1:10 ratio was added to each well, and
the cells were cultured for another 1 h. Three replicate
wells were established for each condition. Optical
density (OD) of the cells was measured at 450 nm
using a Multiskan FC microplate reader (Thermo Fisher
Scientific, Inc., Waltham, MA, United States), and the

INTRODUCTION
The association between chronic inflammation and
cancer has been researched extensively. Few cases
of gastric cancer, at early stages of cancerogenesis,
have been ascribed to germline mutations in CDH1,
[1,2]
encoding E-cadherins, or rarely other genes . In fact,
most cases of gastric carcinoma develop from chronic
gastritis and its associated lesions and diseases. In
addition, Helicobacter pylori (H. pylor) is considered

WJG|www.wjgnet.com
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Table 1 Primer sequences
Primer
p53β

Outer
Inner
Outer

Δ133p53

Inner
p65
β-actin

Primer sequence (5’-3’)

Length (bp)

Sense: GTCACTGCCATGGAGGAGCCGCA
Antisense: GACGCACACCTATTGCAAGCAAGGGTTC
Sense: ATGGAGGAGCCGCAGTCAGAT
Antisense: TTGAAAGCTGGTCTGGTCCTGA
Sense: CTGAGGTGTAGACGCCAACTCTCTCTAG
Antisense: TGTCAGTCTGAGTCAGGCCCTTCTGTC
Sense: GCTAGTGGGTTGCAGGAGGTGCTTACGC
Antisense: CTCACGCCCACGGATCTGA
Sense: TATGACCACACATGACAG
Antisense: CTGGATCTGTGAAACTTTGA
Sense: GTGGGGCGCCCCAGGCACCA
Antisense: CTCCTTAATGTCACGCACGATTTC

1050

growth inhibition rate was calculated as follows:

145
539

specific sites, and the cells were incubated with NFκB p65 antibody (Abcam, E379 ab32536, Aibokang
Corporation Ltd., Shanghai, China) at a 1:200 dilution
overnight and then with a secondary antibody (goatanti-rabbit-596nm, ZF0316, Zhongshan Jinqiao
Biotechnology Corporation Ltd., Beijing, China) at a
1:200 dilution for another 2 h. Nuclei were stained
with 4’,6-diamidino-2-phenylindole for 10 min, and the
cells were examined under a fluorescence microscope
(Olympus, Japan). p65 protein expression was measured
as the integral optical value.

IC =1 - [(AExp - AEmp)/(AC - AEmp)] × 100%
Where IC is the growth inhibition rate, AExp is
the absorbance in the experimental group, AC is
the absorbance in the control group, and AEmp is the
absorbance in the empty group.

Reverse transcription-polymerase chain reaction

MKN45 cells in the exponential growth phase were
4
digested, seeded in a 96‑well plate (5 × 10 cells/well),
and then cultured for 24 h. PDTC, at concentrations
of 25, 50, and 75 µmol/L alone or in combination
with 4 µg/mL cisplatin or an equal volume of PBS
(control wells), was added to the cells, which were
then cultured for another 48 h. RNA extraction and
cDNA synthesis were performed according to the
manufacturer’s instructions provided along with
the TRIzol extraction and reverse transcription PCR
kits. PCR was performed to amplify Δ133p53, p53β,
p65, and β-actin using the primers shown in Table 1.
Lengths of the amplified products were 690 bp for
p53, 1050 bp for p53β, and 539 bp for β‑actin. PCR
conditions were set as 35 cycles at 94 ℃ for 1 min for
denaturation, 58 ℃ for 50 s for annealing, and 72 ℃
for 1 min for extension. PCR was performed with a
BIO-RAD IQ5 Thermal Cycler (Bio-Rad Laboratories,
Hercules, CA, United States). The cycle threshold (CT)
value was detected, and the relative mRNA expression
−ΔΔCT
level was calculated as 2
.

Statistical analysis

SPSS version 17.0 (International Business Machines,
Armonk, NY, United States) software package was
used for statistical analyses. Data are recorded as
the mean ± SD. Differences between two groups
were analyzed by the least significant difference
t-test, and differences among more than two groups
were evaluated by one-way analysis of variance.
Correlations between variables were tested with
Pearson linear relevancy analysis.

RESULTS
Growth inhibition

Growth inhibition rates of gastric cancer cells under
different treatments are shown in Figure 1. PDTC
significantly inhibited the growth of MKN45 cells
in a dose-dependent manner (F = 167.10, P <
0.01). Moreover, the inhibitory effect of cisplatin
was enhanced in a dose-dependent manner by cotreatment with PDTC (F = 52.23, P < 0.01).

Immunofluorescence

MKN45 cells were digested as a single-cell suspension
and plated in a 96-well plate. PDTC, at concentrations
of 25, 50, and 75 µmol/L alone or in combination
with 4 µg/mL cisplatin or an equal volume of PBS
(control wells), was added to the cells, which were
then cultured for another 48 h. Cells were fixed in 4%
paraformaldehyde for 30 min, incubated with 0.1%
TritonX-100 PBS solution for 10 min, and then with 3%
H2O2 for another 10 min. Subsequently, 1% bovine
serum albumin solution was added to block non-
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p65 expression

Results of reverse transcription-polymerase chain
reaction (RT-PCR) analysis showed that PDTC sig
nificantly downregulated p65 mRNA expression in
a dose-dependent manner (P < 0.01, Figure 2A).
Although p65 mRNA expression was up-regulated
by treatment with cisplatin alone, the combination of
PDTC and cisplatin resulted in inhibitory enhancement
(P < 0.01, Figure 2A). Similar trends in p65 protein
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[20]

pattern is remarkably altered in breast cancer ,
[21,22]
[23]
kidney cancer
, colorectal cancer , ovarian
[24-27]
[28]
[29]
malignancy
, leukemia , medulloblastoma ,
[30]
and neuroblastoma . Accumulating evidence has
indicated that some of these isoforms function as p53
co-activators (e.g., p53β), while others function as
its antagonists with oncogenic characteristics (e.g.,
[31-33]
.
Δ40p53α and Δ133p53α)
A few years ago, our research group investigated
the expression of p53 isoforms in different gastric
tissues, and we observed a significant increasing trend
for Δ133p53α expression but the opposite for p53β
as the tissue progressed from superficial gastritis,
atrophic gastritis, and para-cancerous lesion to gastric
[12]
carcinoma . As per the Lauren classification, most
cases of gastric carcinoma belong to the intestinal
type, gastritis-associated carcinogenesis. In 2015, a
clear link between H. pylori infection, gastritis, and
gastric cancerogenesis was demonstrated, indicating
that Δ133p53 isoform plays an essential role in the
[8,9]
process . These results indicate that changes in
the cross-talk between inflammatory and apoptotic
pathways are likely to play an important role in gastric
cancerogenesis, especially in cases of the intestinal
type. Previously, the NF-κB pathway was reported to
be essential in H. pylori-driven chronic gastritis and
cancerogenesis. We now speculate that the oncogenic
role of the NF-κB pathway cooperates with alterations
in the expression patterns of p53 isoforms.
The present experiment was designed to evaluate
changes in p53 isoforms (Δ133p53 and p53β) and
their combined biological effect in MKN45 cells under
an NF-κB-inhibited condition. We confirmed that NF-κB
was effectively blocked by PDTC treatment in MKN45
cells, and cellular growth was significantly inhibited in
a dose-dependent manner. In addition, the inhibitory
effect of cisplatin was remarkably enhanced in a dosedependent manner by co-treatment with PDTC. These
inhibition results indicate that NF-κB signal blockade is
a promising strategy in the treatment and prevention
of intestinal-type gastric cancer.
However, it is important to explore the underlying
molecular mechanisms further in future studies. In
the cross-talk between NF-κB and p53 pathways,
few molecules such as Δ133p53 have very distinct
and significant functions. In the present study,
down-regulation of the NF-κB p65 subunit (curbed
by PDTC alone or in combination with cisplatin)
correlated with growth inhibition of MKN45 cells and
Δ133p53 expression. In addition, we found that the
p53β isoform was not altered by PDTC intervention,
reinforcing that Δ133p53 is a key molecule that is
involved in the mediation of cross-talk between the
NF-κB inflammatory and p53 apoptotic pathways,
especially in gastritis-associated cancerogenesis. Thus,
Δ133p53 is a useful marker and candidate target for
diagnosis, treatment, and prognosis of intestinal-type
gastric cancer.
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Figure 1 Cellular growth inhibition of pyrrolidine dithiocarbamate alone
or with Cisplatin on MKN45 cells. PDTC: Pyrrolidine dithiocarbamate.

level changes were detected (P < 0.01, Figure 2B).

Expression of Δ 133p53 and p53β

RT-PCR analysis results showed that PDTC treatment
significantly downregulated the expression of Δ133p53
mRNA in a dose-dependent manner (P < 0.01, Figure
2C), and inhibitory enhancement was observed
after co-treatment with cisplatin (P < 0.01, Figure
2C). However, p53β mRNA remained stable in the
presence of PDTC (P > 0.05, Figure 2D). It was downregulated after cisplatin treatment, and no inhibitory
enhancement was observed after co-treatment with
cisplatin and PDTC (P > 0.05, Figure 2D).

Relevancy analysis between p65 and p53 isoforms

Changes in mRNA levels of p65 paralleled those of
Δ133p53 mRNA in MKN45 cells treated with PDTC
and/or cisplatin (Figure 3). Pearson linear relevancy
analysis demonstrated that expression levels of p65
were positively correlated with those of Δ133p53 (r =
0.085, P < 0.01). However, there was no relationship
between the expression levels of p65 and p53β (r =
0.076, P > 0.05).

DISCUSSION
Over the past two decades, p53 has proven to be a
tumor-suppressor, but it loses this ability in various
malignant diseases, such as gastric carcinoma.
p53 mutations are commonly detected in gastric
[13-19]
carcinoma, but are seldom clinically significant
.
Recently, in the last decade, research focusing on the
clinical application of p53 isoforms has progressed
significantly. More than 12 p53 isoforms have been
reported to date, namely, p53α (the canonical wildtype p53), p53β, p53γ, Δ40p53α, Δ40p53β, Δ40p53g,
Δ133p53α, Δ133p53β, Δ133p53γ, Δ160p53α,
Δ160p53β, and Δ160p53γ. The p53 isoform expression
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Figure 2 Expression of p65 and p53 isoforms in MKN45 cells. A: Expression of p65 mRNA in MKN45 cells; B: Expression of p65 protein in MKN45 cells; C:
Expression of Δ133p53 mRNA in MKN45 cells; D: Expression of p53β mRNA in MKN45 cells.
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Figure 3 Correlation of p65 and p53 isoforms mRNA expression in MKN45 cells. A: Correlation of p65 and Δ133p53 mRNA expression in MKN45 cells; r = 0.085,
P < 0.01; B: Correlation of p65 and p53β mRNA expression in MKN45cells. r = 0.076, P > 0.05.

the change of p53 isoforms is common in gastric
[12]
cancerogenesis . Furthermore, up-regulation of the
[34]
p53β isoform is induced by cisplatin or fluorouracil ,
while down-regulation of Δ133p53 is induced by

In recent years, our research group completed a
series of experiments to investigate the roles of p53
isoforms in gastric carcinoma for improved diagnosis
and pharmacological development and found that
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[35]

isoforms have been identified. Existence of these isoforms results in the
regulation of p53 function. Disturbance in the pattern of these p53 isoforms has
been observed to be involved in cancerogenesis in various tissues.

recombinant mutant human tumor necrosis factor ,
indicating that Δ133p53 and p53β isoforms are strong
targets for further diagnosis and pharmacological
research. Combined with inferences reported by
[8,9]
other study groups , we now realize that Δ133p53
is an essential factor involved in gastritis-associated
[36,37]
carcinoma. According to the Lauren classification
,
intestinal gastric carcinoma is roughly ascribed to
chronic inflammation, and it develops from multigenetic alterations and a multi-step process. Therefore,
it might be feasible to refine the classification on the
basis of molecules identified to be essential in the
cross-talk between NF-κB and p53 pathways. Our
previous and present results suggest that Δ133p53 is
one such good candidate for refining gastric carcinoma
classification. The latent value of these findings is
that introduction of anti-inflammation agents that
target these isoforms could enhance the effect of
chemotherapy and improve the prognosis of intestinaltype gastric carcinoma. Further research should focus
on two main aspects: development of a simple method
to detect these markers and screening for effective
agents based on this new perspective.
In summary, Δ133p53 (but not p53β) is a requisite
factor in PDTC-induced inhibition of MKN45 gastric
cancer cells, and the disturbed cross-talk between p53
and NF-κB pathways is a hopeful target for further
diagnosis and pharmaceutical research of intestinaltype gastric cancer.

Peer-review

This is a very significant study that involved investigation of the role of
delta133p53 isoform in NF-κB inhibitor pyrrolidine dithiocarbamate-mediated
growth inhibition of MKN45 gastric cancer cells.
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Abstract
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AIM
To determine the optimal treatment strategy for Siewert
type Ⅱ and Ⅲ adenocarcinoma of the esophagogastric
junction.
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METHODS
We retrospectively reviewed the medical records of 83
patients with Siewert type Ⅱ and Ⅲ adenocarcinoma of
the esophagogastric junction and calculated both an
index of estimated benefit from lymph node dissection
for each lymph node (LN) station and a lymph node
ratio (LNR: ratio of number of positive lymph nodes to
the total number of dissected lymph nodes). We used
Cox proportional hazard models to clarify independent
poor prognostic factors. The median duration of obser
vation was 73 mo.
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RESULTS
Indices of estimated benefit from LN dissection were
as follows, in descending order: lymph nodes (LN)
along the lesser curvature, 26.5; right paracardial
LN, 22.8; left paracardial LN, 11.6; LN along the left
gastric artery, 10.6. The 5-year overall survival (OS)
rate was 58%. Cox regression analysis revealed that
vigorous venous invasion (v2, v3) (HR = 5.99; 95%CI:
1.71-24.90) and LNR of > 0.16 (HR = 4.29, 95%CI:
1.79-10.89) were independent poor prognostic factors
for OS.
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CONCLUSION
LN along the lesser curvature, right and left paracardial
LN, and LN along the left gastric artery should be
dissected in patients with Siewert type Ⅱ or Ⅲ adenoca
rcinoma of the esophagogastric junction. Patients with
vigorous venous invasion and LNR of > 0.16 should
be treated with aggressive adjuvant chemotherapy to
improve survival outcomes.

not solely for Siewert type Ⅱ and Ⅲ AEG and did not
include AEG with invasion of the greater curvature.
Several reports have addressed the optimal extent of
[10-14]
LN dissection in patients with AEG
. The right and
left paracardial, lesser curvature, and left gastric artery
LNs should be dissected because of their high rate of
metastatic involvement and the associated benefit from
dissection. However, the above-cited reports focused
on various types of cancers; none have evaluated the
benefit of LN dissection for Siewert type Ⅱ and Ⅲ AEG
independently.
The pathologic depth of invasion and number
of LN metastases are recognized as independent
prognostic factors for gastric and esophagogastric
junction (EGJ) cancer. According to some studies,
metastasis to mediastinal LNs is an independent risk
[11,15]
factor for Siewert type Ⅱ and Ⅲ AEG
. Others have
determined that the number of examined LNs and
the ratio of LNs (LNR) with metastases are significant
[16,17]
prognostic factors for gastrointestinal cancer
.
However, because these studies were retrospective
and had various biases, additional studies are needed
to strengthen these findings.
We aimed to determine the optimal treatment
strategy for Siewert type Ⅱ and Ⅲ AEG by clarifying the
benefit of dissecting specific LN stations and identifying
poor prognostic factors.

Key words: Adenocarcinoma of the esophagogastric
junction; Lymph node ratio; Venous invasion; Lymph
node dissection; Prognostic factor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reviewed the medical records of 83
patients with Siewert type Ⅱ and Ⅲ adenocarcinoma of
the esophagogastric junction. The median duration of
observation was 73 mo. Lymph nodes along the lesser
curvature, right and left paracardial lymph nodes, and
lymph nodes along the left gastric artery should be
dissected in patients with Siewert type Ⅱ or Ⅲ adeno
carcinoma of the esophagogastric junction. Patients
with vigorous venous invasion and lymph node ratio
of > 0.16 should be treated with aggressive adjuvant
chemotherapy to improve survival outcomes.
Hosoda K, Yamashita K, Moriya H, Mieno H, Watanabe M.
Optimal treatment for Siewert type Ⅱ and Ⅲ adenocarcinoma
of the esophagogastric junction: A retrospective cohort study
with long-term follow-up. World J Gastroenterol 2017;
23(15): 2723-2730 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i15/2723.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i15.2723

MATERIALS AND METHODS
AEG definition and classification

AEG is defined as adenocarcinoma that has invaded
the EGJ. Siewert type Ⅱ and Ⅲ AEGs are defined,
respectively, as having epicenters located 1 cm above
to 2 cm below, and 2 cm below to 5 cm below, the
EGJ. The location of the epicenter and proximal extent
of the tumor are evaluated based on findings from
resected specimens.

INTRODUCTION
The incidence of adenocarcinoma of the esophagogastric
[1,2]
junction (AEG) is increasing in both Western
and
[3-5]
[6]
Eastern
countries. Rüdiger Siewert et al have
proposed a classification system for AEG and discussed
its characteristics and treatment according to disease
types.
Siewert types Ⅱ and Ⅲ are more common than
[7,8]
Siewert type I AEG in Japan . The JCOG-9502 trial
demonstrated that a left thoracoabdominal approach,
which enables thorough lower mediastinal LN dissection,
does not improve survival and leads to increased
morbidity in patients with Siewert type Ⅱ or Ⅲ AEG
with esophageal invasion of ≤ 3 cm. The JCOG0110
trial showed that spleen preservation does not impair
survival in patients with proximal gastric cancer without
invasion of the greater curvature, which includes
Siewert type Ⅱ and Ⅲ AEG with esophageal invasion of
≤ 3 cm[9]; the authors therefore concluded that spleen
preservation is indicated for reasons of both operative
safety and survival benefit. However, that trial was

WJG|www.wjgnet.com

Patients

The medical records of 83 patients with Siewert
type Ⅱ or Ⅲ AEG who had undergone R0 or R1 rese
ction at Kitasato University between January 1998
and December 2010 were retrospectively reviewed.
Patients who had received preoperative chemotherapy
or chemoradiotherapy, or who had pT1a tumors, were
excluded. The median duration of observation was 73
mo.
Tumor stage was classified according to the
International Union Against Cancer TNM staging
th
[18]
system, 7 edition . LN stations were classified
according to the Japanese Classification of Gastric
[19]
Carcinoma . The upper thoracic paraesophageal
nodes and thoracic paratracheal nodes were classified
as upper mediastinal LNs; the subcarinal nodes,
middle thoracic paraesophageal nodes, and main
bronchus nodes were classified as middle mediastinal
LNs; and the lower thoracic paraesophageal nodes,
supradiaphragmatic nodes, and posterior mediastinal
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nodes were classified as lower mediastinal LNs.
Lymph node ratio (LNR) was defined as the ratio of
the number of positive LNs to the total number of
dissected LNs. Log-rank plot analysis was performed
to determine the threshold value of LNR for prediction
of overall survival (OS). Relative risks and P values
were calculated by prognostic analysis using the logrank method, classifying LNR at 0.01 intervals. The
highest relative risk was considered the critical point
in this analysis. The degrees of lymphatic and venous
invasion were defined according to the Japanese
Classification of Gastric Carcinoma. Venous invasion
was evaluated by histopathological examination of
hematoxylin-, eosin-, and Elastica-van-Gieson-stained
operative specimens; lymphatic invasion was evaluated
on hematoxylin- and eosin-stained specimens. In our
hospital, the following definitions apply: v0, no venous
invasion found on any slide examined; v1, one or two
sites of venous invasion found throughout all slides
examined; v2, intermediate between v1 and v3; v3,
one or more sites of venous invasions found on every
slide examined. Lymphatic invasion levels of ly0, ly1,
ly2, and ly3 are defined in the same way.
This study was conducted in accordance with
the Declaration of Helsinki and was approved by the
Research Ethics Committee of Kitasato University
School of Medicine. All study participants or their
legal guardians provided informed written consent for
personal and medical data collection prior to study
enrollment.

rank tests. Factors with P < 0.10 on univariate analysis
were subjected to multivariate analysis using a Cox’s
proportional-hazards model to identify independent
prognostic factors. All calculations were performed
®
using JMP Pro 11.2.0 (SAS Institute, Cary, NC, United
States). Values of P < 0.05 were considered to indicate
statistical significance.
To evaluate the therapeutic value of LN dissection,
we used a previously described method to circumvent
[20]
the stage migration phenomenon . In brief, the
frequency of metastasis to each station was determined
by dividing the number of patients with metastases
to that station by the number of patients in whom the
station had been dissected. The 5-year OS rates of
patients with metastases at each nodal station were
calculated irrespective of the presence or absence
of metastases at other nodal stations. An index of
estimated benefit from LN dissection (IEBLD) for each
station was calculated by multiplying the frequency of
metastasis to the station by the 5-year survival rate of
patients with metastases to that station.

RESULTS
Patient characteristics

Tumor size was significantly larger and esophageal
invasion significantly shorter in type Ⅲ than in
type Ⅱ tumors (Table 1). Pathological classifications did
not differ significantly between the groups (Table 2).
Seven patients with Siewert type Ⅱ AEG had R1
resection: four of them had positive abdominal la
vage cytology (CY1), one had positive pleural effusion
cytology, one had positive proximal and one had
positive circumferential margins. Two patients with
Siewert type Ⅲ AEG and R1 resection had positive
abdominal lavage cytology.

Surgical procedures

Surgical procedures were determined on the basis of
tumor location and length of esophageal invasion. A
right thoracic approach was used to perform subtotal
esophagectomy and mediastinal LN dissection through
a right thoracotomy, and gastric conduit reconstruction
was performed through a laparotomy. A left thoracic
approach through a left thoracotomy and laparotomy,
and a transhiatal approach after wide splitting of
the esophageal hiatus were used to perform total
gastrectomy, distal esophagectomy, D2 LN dissection
including splenectomy, and lower-mediastinal LN
dissection. For cT1 cancer, proximal gastrectomy
with either jejunal interposition or esophagogastric
anastomosis was performed if possible.

Estimated benefit from lymphadenectomy

Table 3 shows the number of patients with dissection
and the number of patients with metastases for each LN
station and the resultant IEBLDs, which in descending
order were as follows (# denotes LN station): LNs
along the lesser curvature (#3), 26.5; right paracardial
(#1), 22.8; left paracardial (#2), 11.6; along the left
gastric artery (#7), 10.6; along the distal splenic artery
(#11d), 8.6; around the celiac artery (#9), 6.5; lower
mediastinal LN, 6.3; and splenic hilum (#10), 5.0. No
metastases were found in the lower mediastinal LNs
in patients with Siewert type Ⅲ AEG; such metastases
were found only in patients with Siewert typeⅡAEG.
Patients with lower mediastinal LN metastases who
survived over 5 years all had Siewert typeⅡtumors with
esophageal invasion of more than 30 mm. Additionally,
patients with splenic hilar LN metastases who survived
over 5 years all had Siewert typeⅡtumors with invasion
of the greater curvature

Chemotherapy

Postoperative adjuvant chemotherapy was given to 29
patients. The most commonly used regimen was S-1
monotherapy (17 out of 29 patients) followed by UFT
monotherapy (6 out of 29 patients).

Statistical analysis

Student’s t-test was used to analyze continuous
2
variables, and the χ or Fisher’s exact test to analyze
categorical variables. Survival was calculated by
the Kaplan-Meier method. Univariate analyses of
prognostic factors for OS were performed using log-
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All patients were followed up for more than 5 years,
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0.12

Table 2 Pathological characteristics of patients (n = 83) n
(%)

5

0.08

4

0.06

3

0.04

2

0.02

1

0.00

0

Relative risk

P value

0.10

6

Relative risk
P value

T category
T1b
T2
T3
N category
N0
N1
N2
N3
LNR
M category
M0
M1
TNM stage
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Ⅳ
ly category
ly0
ly1
ly2
ly3
v category
v0
v1
v2
v3
Histopathological
grade
G1 + G2
G3 + G4

0.16
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Figure 1 Optimal threshold value for lymph node ratio was determined to
be 0.16 by log-rank plot analysis.

Table 1 Baseline characteristics of patients and therapeutic
approaches (n = 83) n (%)

Age (yr)
Median (range)
Sex
Male
Female
Tumor size (mm)
Esophageal invasion (mm)
Total number of examined
lymph nodes
Approach
Right thoracic
Left thoracic
Transhiatal
Resection method
Subtotal esophagectomy
Total gastrectomy with
distal esophagectomy
Proximal gastrectomy
with distal esophagectomy
Adjuvant chemotherapy
Yes
No

Type Ⅱ

Type Ⅲ

(n = 62)

(n = 21)

68.5 (33-87)

69 (54-80)

49 (79)
13 (21)
50 (10-168)
9 (0-85)
36.5 (5-96)

16 (76)
5 (24)
70 (12-120)
5 (0-15)
51 (22-80)

P value
0.72
0.78

8 (13)
8 (13)
46 (74)

0 (0)
1 (5)
20 (95)

8 (13)
37 (60)

0 (0)
21 (100)

17 (27)

0 (0)

0.016
0.024
0.016

9 (43)
12 (57)

Type Ⅱ: Siewert type Ⅱ adenocarcinoma of the esophagogastric junction;
Type Ⅲ: Siewert type Ⅲ adenocarcinoma of the esophagogastric junction.

11 (18)
11 (18)
40 (64)

0 (0)
2 (10)
19 (90)

21 (34)
12 (19)
13 (21)
14 (23)
0.063 (0-1)

4 (19)
6 (29)
3 (14)
6 (29)
0.047 (0-0.41)

58 (94)
4 (6)

19 (90)
2 (10)

10 (16)
5 (8)
6 (10)
5 (8)
8 (13)
11 (18)
12 (19)
5 (8)

0 (0)
0 (0)
4 (19)
1 (5)
5 (24)
3 (14)
6 (29)
2 (10)

8 (13)
16 (26)
22 (35)
16 (26)

0 (0)
5 (24)
9 (43)
7 (33)

7 (11)
13 (21)
24 (39)
18 (29)

3 (14)
4 (19)
5 (24)
9 (43)

P value
0.06

0.41

0.74
0.64

0.30

0.35

0.55

0.56
37 (60)
25 (40)

11 (52)
10 (48)

of patients with both of these predictors (v2 or v3, and
LNR of > 0.16), 13% (Figure 2C).
Recurrence occurred in 30 of the study patients.
In all six patients with CY1 the first recurrence site
was peritoneal. The initial recurrence sites of the other
patients were as follows: peritoneum, 8; liver, 6; lung,
3; bone, 1; adrenal, 1; abdominal LNs, 8; upper or
middle mediastinal LNs, 3; and local, 3. Of the eight
patients with first recurrence in abdominal LNs, three
developed recurrence only in para-aortic LNs. All
three patients with mediastinal LN recurrence had
simultaneous liver, generalized LN, and para-aortic LN
recurrence.

except for 11 excluded patients who were lost to
follow-up within the 5-year period. The 5-year OS rate
was 58%. The threshold point for LNR was determined
to be 0.16 (Figure 1). Univariate analysis revealed that
pT, pN, mediastinal LN metastasis, LNR, lymphatic
invasion, venous invasion, and residual tumor were
potential prognostic factors for OS. According to Cox’s
regression analysis, vigorous venous invasion (v2 or
v3) (HR = 5.99, 95%CI: 1.71-24.90, P = 0.004) and
LNR of > 0.16 (HR = 4.29, 95%CI: 1.79-10.89, P =
0.001) were independent prognostic factors for poor
OS (Table 4). The 5-year survival rate of patients with
v2 or v3 was 46% and of patients with LNR of > 0.16
was 23% (Figure 2A and B); whereas that of patients
without either of the independent predictors of poor
prognosis (v0 or v1 and LNR of < 0.16) was 85% and

WJG|www.wjgnet.com

Type Ⅲ
(n = 21)

Type Ⅱ: Siewert type Ⅱ adenocarcinoma of the esophagogastric junction;
Type Ⅲ: Siewert type Ⅲ adenocarcinoma of the esophagogastric junction;
LNR: Lymph node ratio; ly: Lymphatic invasion; v: Venous invasion.

0.24
19 (31)
43 (69)

Type Ⅱ
(n = 62)

DISCUSSION
This study had two major findings. First, LNs in
stations 1, 2, 3, and 7 had high IEBLDs, as previously
[10-12]
reported
and should therefore be dissected
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Overall survival rate

A

1.0

The JCOG9502 study reported no benefit for
lower mediastinal LN dissection through a left tho
racoabdominal approach in patients with ≤ 3 cm
[22]
esophageal invasion . Our current study confirmed
that patients with tumors affecting ≤ 3 cm of the
esophagus achieved no benefit from lower mediastinal
LN dissection. In addition, a transthoracic approach
[22,23]
was proven to increase pulmonary complications
.
Therefore, thorough lower-mediastinal LN dissection
through a right or left thoracic approach would be
unnecessary for these patients. If we changed our
approach to include only a laparotomy (laparoscopy) in
patients with tumors affecting ≤ 3 cm of the esophagus,
it appears that it would not impair survival outcomes
and would reduce postoperative complications. However,
Siewert typeⅡAEG with ≥ 2 cm esophageal invasion is
[24]
associated with metastasis to lower mediastinal LNs .
No standard surgical approach has been defined for
AEG with esophageal invasion of > 3 cm. In the current
study, patients who benefitted from lower mediastinal
LN dissection had tumors with > 3 cm esophageal
invasion. We therefore consider lower mediastinal LN
dissection is likely important for patients with > 3 cm
of esophageal invasion. We recommend a left or right
thoracic approach for patients with esophageal invasion
of > 3 cm because with a transhiatal approach, lower
mediastinal LN dissection may be inadequate and the
proximal margin may not be cancer-free. Relatively
few patients underwent upper or middle mediastinal
LN dissection; however, the IEBLDs for these LNs were
zero. Additionally, patients whose first recurrence site
was upper or lower mediastinal LNs had simultaneous
distant metastases. Upper or middle mediastinal LN
dissection needs to be performed cautiously in patients
with Siewert typeⅡorⅢAEG.
In the current study, v2 or v3 and LNR of > 0.16
were identified as independent predictors of poor OS.
Because both v2 or v3 and LNR of > 0.16 cannot be
diagnosed preoperatively, postoperative adjuvant
chemotherapy would likely improve prognoses of
such high-risk patients. Either v2 or v3 is reportedly
an independent prognostic factor for Stage IB node[25]
negative gastric cancer . Venous invasion theoretically
predicts hematological metastases, and lymphatic
invasion, LN metastases. Therefore, it is unsurprising
that v2 and v3 were identified as independent prog
nostic factors for Siewert type Ⅱ and Ⅲ AEG, which tend
to metastasize hematologically.
LNR is reportedly an independent prognostic factor
[16,26]
for esophagogastric cancer
. In Western countries,
extended LN dissection is seldom performed for gastric
or esophagogastric cancer; thus, an average of about
15 LNs are dissected, resulting in under-diagnosis of
[17]
the number of LNs with metastases . Therefore,
LNR rather than the number of LNs with metastases is
thought to be a more useful prognostic indicator. In the
current study, though the total number of examined
LNs was relatively large (median 36.5, range 5-96 for
Siewert type Ⅱ; median 51, range 22-80 for Siewert

LNR < 0.16
LNR > 0.16

0.8
0.6
0.4
0.2

P < 0.001
0.0

0

12

24

36

48

60

72

84

Observed term (mo)

Overall survival rate

B

v2,3
v0,1

1.0
0.8
0.6
0.4
0.2

P < 0.001
0.0

0

12

24

36

48

60

72

84

Observed term (mo)

Overall survival rate

C

1
2
3

1.0
0.8
0.6
0.4
0.2

P < 0.001
0.0

0

12

24

36

48

60

72

84

Observed term (mo)

Figure 2 Kaplan-Meier curves for overall survival stratified by lymph node
ratio of > 0.16 or < 0.16 (A), by v0/v1 or v2/v3 (B), and by the number of
these independent prognostic factors.

in patients with Siewert type Ⅱ or Ⅲ AEG. Second,
vigorous venous invasion (v2 or v3) and LNR of > 0.16
are independent predictors of poor OS.
Regarding splenic hilar LN dissection, the JCOG0110
study reported that splenectomy had little impact on
survival of patients with proximal gastric cancer that
[9]
[21]
did not invade the greater curvature . Goto et al
concluded that splenectomy could be omitted from
the treatment of AEG because of its high complication
rate and minor impact on survival. However, the
JCOG0110 study excluded patients with tumors that
did invade the greater curvature. In addition, our
current study revealed that splenic hilar LNs had a
small, but not negligible, IEBLD. We therefore believe
that splenectomy should not necessarily be omitted for
patients with AEG who have extensive invasion of the
greater curvature.
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Table 3 Incidence, 5-year survival rate, and index of estimated benefit from lymph node dissection
Lymph node
station
1
2
3
4sa
4sb
4d
5
6
7
8
9
10
11p
11d
12
16
LMLN
MMLN
UMLN

Type Ⅱ
Number of
Number of
patients with
patients with
metastasis
dissection
62
27
62
14
62
27
42
1
43
1
39
0
25
0
31
0
58
17
42
4
32
5
28
3
33
4
24
4
2
0
2
0
13
5
8
1
7
1

Type Ⅲ
Number of
Number of
patients with
patients with
metastasis
dissection
21
11
21
5
21
14
18
0
19
1
20
0
14
1
21
0
21
6
21
2
14
2
12
0
19
0
11
1
1
0
0
0
3
0
0
0
0
0

Total
5-yr survival rate
Number of
patients with
metastasis
38
49.70%
19
50.70%
41
53.70%
1
0
2
100%
0
NA
1
0
0
NA
23
36.30%
6
20.80%
7
42.90%
3
66.70%
4
33.30%
5
60%
0
NA
0
NA
5
20%
1
0
1
0

Number of
patients with
dissection
83
83
83
60
62
59
39
52
79
63
46
40
52
35
3
2
16
8
7

IEBLD
22.8
11.6
26.5
0.0
3.2
0.0
0.0
0.0
10.6
2.0
6.5
5.0
2.6
8.6
0.0
0.0
6.3
0.0
0.0

IEBLD: Index of the estimated benefit of lymph-node dissection; Type Ⅱ: Siewert type Ⅱ adenocarcinoma of the esophagogastric junction; Type Ⅲ: Siewert
type Ⅲ adenocarcinoma of the esophagogastric junction; LMLN: Lower mediastinal lymph-node; MMLN: Middle mediastinal lymph-node; UMLN: Upper
mediastinal lymph-node.

Table 4 Prognostic analysis in patients with adenocarcinoma of the esophagogastric junction
Category

Classification

Age (yr)

Proportion

5 yr-OS

> 3 cm
< 6 cm
≥ 6 cm
pT1-2
pT3
pN0
pN1-3
No
Yes
< 0.16
> 0.16
ly0, 1
ly2, 3
v0, 1
v2, 3
G1 + G2

29
54
65
18
62
21
73
10
45
38
24
59
25
58
78
5
59
24
29
54
27
56
48

35%
65%
78%
22%
75%
25%
88%
12%
54%
46%
29%
71%
30%
70%
94%
6%
71%
29%
35%
65%
33%
67%
58%

67%
52%
56%
67%
58%
57%
60%
40%
58%
58%
77%
50%
78%
49%
60%
20%
71%
23%
69%
52%
83%
46%
60%

G3 + G4
No

35
54

42%
65%

55%
56%

Yes
R0
R1

29
74
9

35%
89%
11%

61%
62%
22%

< 65
≥ 65
Male
Female

Sex
Siewert type

Ⅱ
Ⅲ

Esophageal invasion
Tumor size
pT
pN
Mediastinal LN meta
LNR
ly
v
Histopathological
Grade
Adjuvant
chemotherapy
Residual tumor

Univariate analysis

n

≤ 3 cm

Multivariate analysis

P value

HR

95%CI

0.084

P value
0.47

0.57
0.88
0.21
0.86
0.01a

0.88

0.028a

0.30

0.007a

0.17

< 0.001a

0.001a
4.29

1.79-10.89

0.059

0.13

< 0.001a

0.004a
5.99

1.71-24.90

2.61

0.97-6.59

0.28

0.52

< 0.001a

0.056

AEG: Adenocarcinoma of the esophagogastric junction; OS: Overall survival; HR: Hazard ratio; LNR: Lymph node ratio; ly: Lymphatic invasion; v: Venous
invasion. aP < 0.05.
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type Ⅲ), the same was shown to be true. Where the
extent of LN dissection is not standardized, LNR may be
a more relevant prognostic indicator than the number of
LNs with metastases in Siewert typeⅡandⅢAEG.
In Japan, the standard treatment for resectable
gastric adenocarcinoma, including AEG, is gastrec
tomy with D2 LN dissection followed by adjuvant
[27]
chemotherapy using S1 . However, adjuvant chemo
therapy with S1 reportedly has inadequate power
to prevent hematological metastases and improve
[28]
OS of patients with pStage IIIB gastric cancer .
In the CLASSIC trial, capecitabine plus oxaliplatin
improved recurrence-free survival even in patients
with pStage IIIB gastric cancer and well-controlled
[29]
distant metastases . Considering that hematological
metastasis occurs relatively frequently in Siewert
type Ⅱ and Ⅲ AEG, patients with AEG, and with mild or
marked venous invasion and/or LNR of > 0.16, should
receive aggressive adjuvant chemotherapy using a
platinum-containing regimen such as capecitabine plus
oxaliplatin.
This study has several limitations. First, it was a
single-center, retrospective, observational study with
various biases. Second, during the lengthy accrual
period various regimens of adjuvant chemotherapy
were used. Third, various surgical procedures, including
subtotal esophagectomy, proximal gastrectomy with
lower esophagectomy, and total gastrectomy with
lower esophagectomy were performed, and the extent
of LN dissection was not standardized, which may
have resulted in bias in the IEBLD. Almost no patients
underwent dissection of para-aortic LNs. The incidence
of metastases in para-aortic LNs around the left renal
vein is reportedly 17% and the 5-year survival rate
[30]
of node-positive patients is 19% . In the current
study, para-aortic LNs were the first recurrence site in
three patients. In Japan, a multicenter clinical study is
evaluating the efficacy of mediastinal and para-aortic
LN dissection in EGJ cancer (UMIN000013205). This
study will provide useful information about the optimal
extent of LN dissection for EGJ cancer.
In conclusion, based on our findings we recommend
the following: LNs in stations 1, 2, 3, and 7 should be
dissected in Siewert type Ⅱ and Ⅲ AEG because of their
high IEBLDs. Patients with vigorous venous invasion
or LNR of > 0.16 should receive aggressive adjuvant
chemotherapy to improve survival outcomes. Patients
with esophageal invasion of > 3 cm should undergo
dissection of inferior mediastinal LNs, and those with
invasion of the greater curvature should undergo
dissection of splenic hilar LNs.

In patients with Siewert type Ⅱ or Ⅲ AEG, a left thoracoabdominal approach,
which enables thorough lower mediastinal lymph node (LN) dissection, was
demonstrated not to improve survival and to lead to increased morbidity. The
right and left paracardial, lesser curvature, and left gastric artery LNs should
reportedly be dissected because of their high indices of estimated benefit of
lymph node dissections (IEBLDs). The ratio of the number of positive LNs to
the total number of dissected LNs (LNR) has been reported to be a significant
prognostic factor for gastrointestinal cancer including AEG. However, these
claims are based on clinical studies of various types of esophagogastric
junction cancer and additional studies are needed to strengthen these findings
specifically for Siewert type Ⅱ or Ⅲ AEG, which is a prevalent form in Eastern
countries including Japan.

Innovations and breakthroughs

This study included only Siewert type Ⅱ or Ⅲ AEG. IEBLDs were again higher
in the right and left paracardial, lesser curvature, and left gastric artery LNs.
Vigorous venous invasion (v2 or v3) and LNR of > 0.16 were independent
predictors of poor OS. IEBLDs of splenic hilar and lower mediastinal LN were 5.0
and 6.3, respectively. Patients who survived more than 5 years with splenic hilar
LN and lower mediastinal LN involvement had tumors with esophageal invasion
of more than 30 mm and with invasion of the greater curvature, respectively.

Applications

The right and left paracardial, lesser curvature, and left gastric artery LNs
should be dissected in Siewert type Ⅱ and Ⅲ AEG because of their high
IEBLDs. Patients with vigorous venous invasion or LNR of > 0.16 should
receive aggressive adjuvant chemotherapy to improve survival outcomes.
Patients with esophageal invasion of > 3 cm should undergo dissection of
inferior mediastinal LNs, and those with invasion of the greater curvature should
undergo dissection of splenic hilar LNs.

Terminology

The LNR was the ratio of the number of positive LNs to the total number
of dissected LNs. An IEBLD was calculated by multiplying the frequency
of metastasis to a specified station by the 5-year OS rate of patients with
metastases to that station.

Peer-review

Hosoda et al present a retrospective case series of esophagogastric junction
tumors to show the prognostic of lymph node dissection. The manuscript is
interesting with a significant number of patients and a long follow-up.
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Abstract

that instead of a reduction in the cut-off points of
faecal inmunochemical test, other strategies such as
different follow up periods for sex, stage and previous
location could be more effective and minimize risks at
the same time that they increase benefits.

AIM
To assess proportions, related conditions and survival
of interval cancer (IC).
METHODS
The programme has a linkage with different clinical
databases and cancer registers to allow suitable
evaluation. This evaluation involves the detection of
ICs after a negative faecal inmunochemical test (FIT),
interval cancer FIT (IC-FIT) prior to a subsequent
invitation, and the detection of ICs after a positive FIT
and confirmatory diagnosis without colorectal cancer
(CRC) detected and before the following recommended
colonoscopy, IC-colonoscopy. We conducted a
retrospective observational study analyzing from
January 2009 to December 2015 1193602 invited
people onto the Programme (participation rate of
68.6%).

Portillo I, Arana-Arri E, Idigoras I, Bilbao I, Martínez-Indart L,
Bujanda L, Gutierrez-Ibarluzea I. Colorectal and interval cancers
of the Colorectal Cancer Screening Program in the Basque
Country (Spain). World J Gastroenterol 2017; 23(15): 2731-2742
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2731.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2731

INTRODUCTION
The Basque Country is one of the 17 autonomous
regions of Spain and has a population of approximately
2200000 inhabitants. Colorectal cancer (CRC) is
the most common type of cancer when taking both
[1]
sexes into account and is the most frequent in men .
The number of cases has increased since 1990 and
there has been certain stability in mortality rate. In
2008, the year before the screening programme was
implemented, there were 1869 new cases and 798
[2]
deaths were registered due to this type of cancer .
[3]
Following the 2003 European Guidelines and the
National Strategy against Cancer of 2006, validated
[4,5]
in 2009 , population based screening of CRC was
approved by the Basque Autonomous Government
and implemented in 2009. The screening is based on
the detection of occult blood in faeces (FOB) using
a biennial quantitative faecal immunochemical test
(FIT), targeting women and men between 50 and 69
years of age (approximately 586700 inhabitants) and
a colonoscopy under sedation for FIT positive cases.
With the first invitation, almost 100% of the target
population was reached at the beginning of 2014;
by the end of 2015, 85% of the population had been
invited at least twice and 56% a third time.
The characteristics of the programme and the
main results of the first invitation were published
in 2013, obtaining an average participation rate of
[6]
(64.3%, 95%CI: 64.1%-64.5%) higher in women ,
finding significant differences in the rate of detection
of Advanced Adenomas (AA) between women and
men (OR = 0.45, 95%CI: 0.41-0.49) and CRC (OR
= 0.80, 95%CI: 0.66-0.96), more frequent in men
as well as the positive predictive value (PPV) for any
type of adenoma which was significantly higher in men
(72.4%, 95%CI: 71.2%-73.5%) than in women (48.8;
95%CI: 47.2%-50.5%), with differences depending
[7]
on the age group and type of adenoma . Likewise,
there were differences in participation and detection
of lesions according to the index of deprivation:
men on the most deprived index, having a lower par
ticipation rate (60.2%) although a higher rate in the

RESULTS
Two thousand five hundred and eighteen cancers
were diagnosed through the programme, 18 cases of
IC-colonoscopy were found before the recommended
follow-up (43542 colonoscopies performed) and 186
IC-FIT were identified before the following invitation
of the 769200 negative FITs. There was no statistically
significant relation between the predictor variables of
ICs with sex, age and deprivation index, but there was
relation between location and stage. Additionally, it was
observed that there was less risk when the location
was distal rather than proximal (OR = 0.28, 95%CI:
0.20-0.40, P < 0.0001), with no statistical significance
when the location was in the rectum as opposed to
proximal. When comparing the screen-detected cancers
(SCs) with ICs, significant differences in survival were
found (P < 0.001); being the 5-years survival for SCs
91.6% and IC-FIT 77.8%.
CONCLUSION
These findings in a Population Based CRC Screening
Programme indicate the need of population-based
studies that continue analyzing related factors to
improve their detection and reducing harm.
Key words: Colorectal cancer; Population Screening
Programme; Interval cancer; Faecal immunochemical
test; Colonoscopy; Diagnosis; Mortality; Survival
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Population based screening programmes are
implemented when benefits are superior to harms and
risks are acceptable to healthy population. However,
programmes should continuously improve their
quality and efficiency. This study shows by means of
a well-accepted screening strategy that there is room
for improvement and those programmes could be
personalized or at least, stratified. Main results show
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identification of lesions (55.7/1000) compared to the
[8]
least deprived (41.0/1000) .
The characteristics of CRC detected by the pro
gramme in the first and second rounds after a negative
[9]
result were observed by Bujanda et al ; significant
differences being found in location, most frequently in
the second round in the right-sided colon and in a less
advanced stage.
Participation and the detection rate of advanced
lesions and CRC were found to be within the parameters
[10]
defined by the European Guidelines of Quality (2010) ,
which recommend 65% participation and an Adenoma
detection rate between 13.3‰-22.3‰ and of CRC
between 1.8‰-9.5‰. However, one aspect to bear
in mind is the possible losses of the programme,
which are interval cancers (ICs), and which are one
of the biggest concerns of the screening programme
as not only the capacity for detection is measured,
but also the quality of the confirmatory diagnostic
test, in this case a colonoscopy. As was pointed out
[11]
by Robinson et al , in the Randomized Controlled Trial
in Nottingham, both the positive effects (reduction of
mortality because of screening) as well as the negative
effects (false negatives among others) should be
monitored and taken into account.
In fact, for a correct detection, it is necessary to
have an organized Screening Programme and the
possibility of individualized linkage with clinical data
bases (diagnostic procedures, pathological confirmation,
hospital discharges and cancer registers), in such a way
as to allow a suitable evaluation of the impact of the
[12]
programmes .
A standardized methodology like the proposal for
[13]
GISCoR 2013 is also required.
The aim of this study is to compare CRC detected
by the Programme or screened cancers (SCs) and
ICs detected from 2009-2015 both after a negative
FIT and before the following invitation (IC-FIT), such
as post-confirmatory colonoscopy cancers following
a positive FIT and before a follow-up colonoscopy,
depending on the lesion found (IC-colonoscopy).

(Eiken Chemical Co. Tokyo, Japan). Only one sample
was collected, as the haemoglobin concentration cutoff (f-Hb) 100 ng Hb/mL of buffer, which is equivalent
to 17 µg Hb/g faeces in Sentinel and to 20 µg Hb/g
faeces in OC-Sensor, as the comparison of both tests
[14]
showed .
The screening is based on the detection of occult
blood in faeces (FOB) using a biennial quantitative FIT,
targeting women and men between 50 and 69 years
of age (approximately 586700 inhabitants) and a
colonoscopy under sedation for FIT positive cases.
The tests were analyzed in the laboratories of the
publicly-funded hospital system under strict internal and
external quality control. The colonoscopies were also
performed in publicly-funded hospitals by qualified and
trained specialists in the digestive system; sedation was
also provided by the same endoscopy team, although
20% included the presence of an anaesthetist. The
recommendations of the European Guidelines (2010)
[15]
and Spanish Guide for Quality Control (2011) were
followed in all cases. The resected polyps and CRC with
biopsy and/or endoscopic or surgical resection were
analyzed in laboratories of Pathological Anatomy by
staff skilled in histopathology of gastrointestinal disease
with specific emphasis on CRC. CRC was diagnosed
when the neoplastic cells pass through the muscularis
mucosae, invading the submucosae (≥ pT1). All CRCs
were registered according to the criteria of the American
[16]
Joint Committee on Cancer (AJCC) .

Methodology of interval cancer detection

Detection of ICs after a negative FIT (IC-FIT): prior
to a subsequent invitation, all negative cases from a
previous round are linked to the register of hospital
discharges with ICD-9 1530-1548, in primary and
secondary diagnosis, ICDO-10 C18-C21 of hospital
registers and population-based Cancer registries as
well as codes of Pathology. In all coinciding cases, the
qualified staff from the Programme’s Coordinating
Centre checked the clinical history, including the cases
as ICs which complied with the criteria of having a
negative FIT result in the previous invitation (0-24
mo or more in case of a delay in the invitation to the
screening programme). To ensure against any possible
losses, this process was repeated on an annual basis
with all negative FITs from the previous 24 mo.
Detection of ICs after a positive FIT and confirmatory
diagnosis without CRC detected and before the
following recommended colonoscopy (IC-colonoscopy):
these data were annually cross-referenced with all the
colonoscopies with a different result to detected CRC
by the Programme or Screen-detected Colonoscopies
(SCs), following the same methodology as the previous
section. It was considered to be IC if a CRC was
detected prior to the scheduled follow-up: 10 years with
an invitation for a FIT in the case of a normal result/
non-neoplastic polyps; 5 years with an invitation for
a FIT in the case of a Low-Risk Adenoma (1-2 tubular

MATERIALS AND METHODS
The Basque Country’s Population Based Screening
Programme has the support of a Coordinating Centre
which plans, organizes, monitors and evaluates the
individualized invitation process as well as the test
results and follow-up of all positive cases. This is
possible thanks to the interaction of software, specially
designed for the programme, with clinical databases
and cancer registries. The software contains a system
of encryption and access in accordance with the
current data protection laws as it is all systematically
anonymized for analysis and subsequent publication.
Participants in the programme are informed and
consent to the use of their data. The FIT tests used
were FOB Gold in 2009 and 2010 (Sentinel Diagnosis
SpA, Milan Italy) and OC-Sensor from 2010 onwards
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adenomas and/or ≤ 10 mm and/or without high grade
dysplasia); a colonoscopy after 3 years in the case of
an Intermediate Risk Adenoma (3-4 adenomas and/or
≥ 10 mm and < 20 mm and/or a vellous component
and/or a high grade dysplasia; colonoscopy in < 1 year
in the case of a detected High-Risk Adenoma (≥ 5
adenomas and/or ≥ 20 mm). Given that the follow-up
period is longer, cases detected up to May 2016 were
taken into consideration, which means that the number
could increase in the next five years.
In all the cases of SCs and ICs, the following
variables were taken into account when analyzing: (1)
type of participant (first invitation, regular - participated
in the last two invitations, irregular - participated in at
least one previous invitation), ICs were not considered
in the case of not participating or refusing a colonoscopy
after a positive FIT; (2) round of invitations; (3) sex
and age; (4) deprivation index assigned to each
patient - socioeconomic deprivation index (DI) of
their area of residence, using the methodology of the
[17]
MEDEA project ; (5) quantitative result of the test
in µg Hemoglobin/g of faeces in invitations prior to a
negative FIT; result of a confirmatory colonoscopy and
date; diagnostic method in ICs and date; (6) details
of CRC: location, size, morphology, TNM, degree of
differentiation, state and type of first treatment; and
(7) survival with a link to the Population Death Register
st
until 1 December 2016.
For the description of qualitative variables frequency
tables and percentages were used, for quantitative
variables means and standard deviation or median and
interquartile range (IQR). For comparison between two
groups contrast of exploratory hypotheses have been
2
made using exact test of Fisher or χ for categorical
variables. To compare quantitative variables and
categorical variables with 2 categories t-test or the nonparametric Mann Whitney U test was used. Logistic
regression analysis was performed with interval vs
screening detected CRC as the outcome variable.
Overall survival after CRC diagnosis for the patients
with interval CRC was compared, by Kaplan-Meier
estimation, long-rank test and Cox proportional hazard
ratios. The survival time was measured from the date
of CRC diagnosis to date of death or censoring resulting
from the end of the study period (December 1, 2016).
Significance was set at the 5% level. The analysis was
performed by a biomedical statistician using IBM SPSS
Statistics 23.0.

cancers were IC. Of the colonoscopies performed,
18 cases of IC-colonoscopy were found before the
recommended follow-up and of the 769200 negative
FITs, 186 IC-FIT were identified before the following
invitation. Table 1 shows the characteristics associated
with the three types of cancers analyzed in this study.
Significant statistical differences were observed by
age, round of invitations and characteristics of the
tumour such as: location, stage, morphology, degree
of differentiation and size of the tumour.
Table 2 shows the medians of f-Hb and their
corresponding IQR in the invitation, just before the
diagnosis of IC. No differences between the variables
analyzed were observed: sex, age, deprivation index,
time to diagnosis; neither was there differences found
in the characteristics of the tumour: location, state,
morphology, degree of differentiation and size. What
was observed in both the analysis of variables as
well as in the global (Median: 2.8 µg Hb/faeces; IQR:
0.4-9.9) was that the values of the f-Hb of the FIT
with a negative result prior to the diagnosis of IC-FIT
were found to be very distant from the cut-off point
established as positive (20 µg Hb/g faeces). Patients
diagnosed after two rounds with a negative result, also
presented low values in the first round (Median: 0.8 µg
Hb/g faeces; IQR: 0.0-4.5).
In Table 3 the characteristics of negative colonos
copies are shown for CRC prior to the diagnosis of an
interval cancer (IC-colonoscopy) and after a positive
FIT result. More than a third of the diagnosed cancers
were seen to be in the sigma location and 27.8% in
the caecum. In 55.5% of colonoscopy cases prior
to screening, polyps were detected and removed,
although in two cases their removal was in the same
location as the diagnosed cancer, in sigma. In 83.3%
of the colonoscopies, the caecum was reached and
the rate of colonic preparation was adequate in the
majority of cases (66.7%). It should be clarified that
out of the 18 IC-colonoscopies, 12 had an adequate
preparation, 2 had a bad quality of colonic cleansing
and 4 were not described in the report.
On the other hand, consultations were made
about 85% of these interval cancers for suspected
symptomology - rectal bleeding (30.1%) and abdominal
pain (29.6%) being the most frequent causes,
respectively. On the other hand, in those cases where
there were no symptoms, anaemia was the diagnostic
sign in 5.4% of the cases.
Figure 1 shows the distribution of the different
types of colorectal cancer by stages at the time
of diagnosis and its link to their location. A larger
proportion of advanced stages were observed, firstly in
the rectum and then in the proximal colon, in both the
IC-FIT and IC-colonoscopy.
Table 4 shows that there was no statistically
significant relation between the possible predictor
variables of interval cancer by sex, age and deprivation
index, but there was a relation between location and
stage. However, it was observed that there was less risk

RESULTS
From January 2009 to December 2015, 1193602
people were invited to the CRC Screening Programme,
with a participation rate of 68.6%. Of the participants,
49687 obtained a positive result, with 2518 cancers
diagnosed, with a 92.7% acceptance rate for screening
colonoscopies. The global adenoma detection rate by
the Programme for the period studied was 57.25‰.
Seven point five percent (204/2722) of the diagnosed
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Table 1 Characteristic of interval cancers and screen-detected colorectal cancers n (%)
Screen-detected (SCs)

P value

18 (0.7)

2518 (92.5)

-

125 (67.2)
61 (32.8)

10 (55.6)
8 (44.4)

1651 (65.6)
867 (34.4)

0.601

60.2 (4.9)
28 (15.1)
53 (28.5)
61 (32.8)
44 (23.7)

62.0 (3.5)
0 (0)
5 (27.8)
10 (55.6)
3 (16.7)

61.7 (3.4)
375 (14.9)
539 (21.4)
709 (28.2)
895 (35.5)

0.042

143 (76.9)
40 (21.5)
3 (1.6)

16 (88.9)
2 (11.1)
0 (0)

1615 (64.1)
680 (27.0)
223 (8.9)

149 (80.1)
35 (18.8)
2 (1.1)

17 (94.4)
1 (5.6)
0 (0)

1863 (74.0)
639 (25.4)
16 (0.6)

42 (23.9)
43 (24.4)
29 (16.5)
38 (21.6)
24 (13.6)
0 (0)

3 (16.7)
1 (5.5)
6 (33.4)
2 (11.1)
5 (27.8)
1 (5.5)

521 (21.4)
503 (20.6)
539 (22.1)
461 (18.9)
414 (17.0)
0 (0)
-

13.5 (8.5-18.9)
1.5-39.4

28.1 (16.5-40.1)
5.6-61.2

68 (36.6)
58 (31.2)
58 (31.2)
2 (1.1)

7 (38.9)
9 (50.0)
2 (11.1)
0 (0)

478 (19.0)
1529 (60.7)
404 (16.0)
107 (4.2)

43 (23.1)
36 (19.4)
57 (30.6)
50 (26.9)
0 (0)

4 (22.2)
2 (11.1)
7 (38.9)
5 (27.8)
0 (0)

1376 (54.6)
408 (16.2)
566 (22.5)
152 (6.0)
16 (0.6)

139 (74.7)
4 (2.2)
0 (0)
6 (3.2)
10 (5.4)
5 (2.7)
3 (1.6)
0 (0)
15 (8.1)
4 (2.2)

15 (83.3)
0 (0)
0 (0)
0 (0)
0 (0)
2 (11.1)
0 (0)
0 (0)
0 (0)
1 (5.6)

1823 (72.4)
121 (4.8)
7 (0.3)
154 (6.1)
174 (6.9)
42 (1.7)
23 (0.9)
4 (0.2)
64 (2.5)
106 (4.2)

76 (41.1)
59 (31.9)
14 (7.6)
33 (17.8)
3 (1.6)

7 (38.9)
7 (38.9)
1 (5.5)
2 (11.1)
1 (5.5)

988 (39.2)
1061 (42.2)
86 (3.4)
320 (12.7)
63 (2.5)

20 (8.0-40.0)
2.0-90.0

38.0 (30.0-60.0)
9.0-80.0

26.0 (19.7-40.0)
2.0-95.0

Interval cancers
Total
Patient characteristics
Sex
Male
Female
Age (yr)
Mean (SC)
50-54
55-59
60-64
65-69
Round of invitation
1
2
3
Type participation
Initial
Regular
Irregular
Deprivation Index
1 (least deprived)
2
3
4
5 (most deprived)
Unknown
Time to diagnosis (months)
Median (IQR)
Range
Cancer characteristics
Location
Proximal1
Distal2
Rectum
Unknown
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Unknown
Morphology
ADC, NOS
ADC in adenomatous polyp
Carcinoid tumor
ADC in villous adenoma
ADC in tubulovillous adenoma
Mucinous ADC
Mucin-producing ADC
Signet ring cell carcinoma
Other
Unknown
Degree of differentiation
Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated/anaplastic
Unknown
Size (mm)
Median (IQR)
Range
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FIT

Post-colonoscopy

186 (6.8)

0.001

0.001

0.086

0.192

< 0.0001

< 0.0001

< 0.0001

0.002

< 0.0001

0.022

2735

April 21, 2017|Volume 23|Issue 15|

Portillo I et al. CRC: Detected and missed lesions
Treatment
Endoscopic resection
Surgery
Surgery and neoadjuvant therapy
Palliative procedure
Unknown

< 0.0001
5 (2.7)
56 (30.1)
106 (57.0)
18 (9.7)
1 (0.5)

0 (0)
9 (50.0)
7 (38.9)
2 (11.1)
0 (0)

733 (29.1)
182 (7.2)
1332 (52.9)
164 (6.6)
107 (4.2)

1

Cecum, Ascending, Hepatic Flexure, and Transverse; 2Splenic Flexure, Descending, Sigmoid. ADC: Adenocarcinoma; FIT: Faecal inmunochemical test.

Table 2 f-Hb values of previous negative screening test in interval cancer cases

All
Sex
Male
Female
Age (yr)
50-54
55-59
60-64
65-69
Deprivation Index
1 (least deprived)
2
3
4
5 (most deprived)
Time to diagnosis (mo)
Within 1 yr
1-2 yr
Location
Proximal1
Distal2
Rectum
Unknown
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Unknown
Morphology
ADC, NOS
ADC in adenomatous polyp
ADC in villous adenoma
ADC in tubulovillous adenoma
Mucinous ADC
Mucin-producing ADC
Other
Unknown
Degree of differentiation
Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated/anaplastic
Unknown
Size (mm)
< 10
10-19.99
≥ 20

Median f-Hb (µg Hb/g faeces)

IQR

P value

2.8

0.4-9.9

-

3.4
1.9

0.2-10.0
0.4-9.8

0.409

1.9
3.0
2.8
4.0

0.2-6.9
0.6-13.0
0.2-8.6
0.4-12.5

3.0
2.6
4.2
4.0
2.6

0.6-11.9
0.0-10.2
1.1-12.4
0.4-11.2
0.0-8.7

3.4
2.5

0.2-10.6
0.5-9.6

1.9
3.8
3.9
1.0

0.0-9.3
0.3-13.7
0.7-9.1
0.0-…

2.0
2.6
3.2
4.0

0.0-9.7
0.2-10.6
0.7-9.8
0.2-9.9

3.0
10.0
0.5
2.4
0.4
14.0
1.7
1.0

0.6-10.0
2.0-17.2
0.0-9.8
0.0-9.3
0.0-12.5
0.0-…
0.0-6.0
0.0-6.9

2.8
4.4
0.6
4.0
2.0

1.0-9.0
0.6-13.0
0.0-5.6
0.0-9.4
0.0-…

1.4
1.0
2.9

0.4-12.4
0.0-7.9

0.380

0.887

0.795

0.171

0.927

0.550

0.600

0.586

1

Caecum, ascending, hepatic flexure, transverse; 2Splenic flexure, descending. ADC: Adenocarcinoma; IQR: Interquartile range.

when the location was distal rather than proximal (OR =
0.28, 95%CI: 0.20-0.40, P < 0.001), with no statistical
significance when the location was in the rectum as
opposed to proximal. The risk of having an advanced
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stage at the time of diagnosis was significantly higher
in relation to the stage of the cancers detected out the
programme said relation in StageⅡ: 2.73 (1.75-4.24);
in Stage Ⅲ 3.31 (2.24-4.88) and in Stage Ⅳ: 10.6
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Table 3 Characteristics of post colonoscopy colorectal
cancers at the time of diagnosis

Table 4 Multivariate analysis of patients and tumors predictors
of interval cancers compared with screen-detected cancers

n (%)
Interval CRC tumor site
Appendix and caecum
Ascending
Hepatic flexure
Transverse
Splenic flexure
Descending
Sigmoid
Rectum
Unknown
Polyp found on the Screening colonoscopy
Yes
No
Polyp frequency
Median (IQR)
Range
Previous resection in the same location
Yes
No
Report of incomplete Screening colonoscopy
Yes2
No
Polyp size on the Screening colonoscopy
≥ 10 mm
Yes
No
Polyp histology (n = 10)
Hyperplastic polyp
LRA
AA
Bowel preparation
Inadequate
Adequate1
Unknown
Diverticulosis
Yes
No

Sex
Female
Male
Age (yr)
50-54
55-59
60-64
65-69
Deprivation
1 (least deprived)
2
3
4
5 (most deprived)
Location
Proximal1
Distal2
Rectum
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

5 (27.8)
0 (0)
1 (5.6)
1 (5.6)
0 (0)
2 (11.1)
7 (38.8)
2 (11.1)
0 (0)
10 (61.1)
8 (38.9)
2.0 (1.0-3.5)
1-6
2 (11.0)
16 (89.0)
3 (16.7)
15 (83.3)

2 (11.1)
16 (88.9)

OR (95%CI)

P value

69 (33.8)
135 (66.2)

1 (ref.)
1.03 (0.76-1.39)

0.860

28 (13.7)
58 (28.4)
71 (34.8)
47 (23.0)

1 (ref.)
1.44 (0.90-2.31)
1.34 (0.84-2.11)
0.70 (0.43-1.14)

0.127
0.206
0.153

45 (23.3)
44 (22.8)
35 (18.1)
40 (20.7)
29 (15.0)

1 (ref.)
1.01 (0.66-1.56)
0.75 (0.48-1.19)
1.00 (0.64-1.57)
0.81 (0.50-1.32)

0.954
0.222
0.984
0.396

74 (36.8)
67 (33.3)
60 (29.9)

1 (ref.)
0.28 (0.20-0.40)
0.96 (0.67-1.38)

< 0.0001
0.824

47 (23.0)
38 (18.6)
64 (31.4)
55 (27.0)

1 (ref.)
2.73 (1.75-4.24)
3.31 (2.24-4.88)
10.59 (6.93-16.18)

< 0.0001
< 0.0001
< 0.0001

1

Caecum, ascending, hepatic flexure, transverse; 2 Splenic flexure,
descending.

0 (0)
6 (60.0)
4 (40.0)

prognosis of the pathologies which they are aiming
to address. There are two main aims in the case of
early detection of cancer programmes: detecting the
cancer at early stages to be able to cure it and, in
the later stages, to begin the treatment to improve
the chances of survival and the quality of life of the
individuals concerned. There are a series of factors
which determine the value and quality of the pro
grammes. On the one hand, the cases which are not
identified (false negatives) and the cases which are
“wrongly identified” (false positives) and, on the other
hand, the time periods in which there is no diagnosis
and new premalignant or malignant lesions may
occur. There are various screening methods and it is
necessary to determine which is the most effective and
which are the periods or typology of lesion (location,
size...) to guarantee the best result for them to be
effective and efficient. This study on the basis of the
Population Based CCR screening Programme in the
Basque Country, following a rigorous methodology in
the diagnosis of both SCs and ICs, presents relevant
data regarding both the methodology used as well
as results of interest. The validity of these results
is based on a programme with a high participation
rate and acceptance of the diagnostic tests including
colonoscopy, an effective cross-referencing between
databases and adequate follow up in a public health
system with universal coverage.
Various limitations can be found in the study’s
findings. One of these is that when comparing FIT ICs
to post-colonoscopy Interval Cancers, the latter are

2 (11.1)
12 (66.7)
4 (22.2)
5 (27.8)
13 (72.2)

1

Boston scale ≥ 7; 2Complementary radiological test (Barium Enema or
Computerized Tomography) was performed after colonoscopy. AA:
Advanced adenoma; LRA: Low risk adenoma; CRC: Colorectal cancer;
IQR: Interquartile range.

(6.93-16.18), respectively.
With regard to the analysis of survival rate, an
average follow-up time was 3.6 ± 1.6 years (Range:
0.46-7.7 years). Significant differences in survival were
found between groups (P < 0.0001), when comparing
the screening-detected group (SCs) with the ICs.
Figure 2 shows the survival graph and the percentages
for groups at 1, 3 and 5 years, SCs having a better
prognosis. It was also observed that for women, a
distal rather than a rectal location, stages Ⅰ-Ⅱ has a
significantly better survival prognosis as do SCs, as
the risk of death is 3 times lower in relation to interval
cancers (ICs).

DISCUSSION
Screening programmes are implemented into health
systems to detect early and cure or improve the
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Figure 1 Distribution of colorectal cancer stages by location and type.

in women was lower. However, these results coincide
with our programme's regarding age and sex. The
classification and definition used by Sanduleanu
[19]
et al
was also employed our this study, using a
modified Delphi methodology defining Interval Cancer
as a “colorectal cancer diagnosed after a screening
or surveillance exam in which no cancer is detected,
and before the date of the next recommended exam”
(Table 5). Classification was established based on the
systematic revision from January 2004 to January 2014,
checking the time of diagnosis, location, stage and
histology as well as the etiology (missed, incompletely
resected polyps or biological factors associated with
a more rapid progression). In the afore-mentioned
revision, people with hereditary CRC syndromes or
inflammatory bowel diseases were excluded. This
classification used in our study will allow a more
standardized comparison of the results, which has not
happened in previous studies.
Our results show similarities to those found by
[20]
Zorzi et al
in Italian CRC screening programmes.
In these studies, ICs which had had a negative result
with only a FIT (OC-Sensor in 4 programmes and
FOB Gold in one of them with a cut-off of 100 ng/100
mL) were analyzed. The follow-up period was from
2002-2007 in 267789 invitations via linkage with
hospital discharges and an active search in clinical
histories and pathological anatomy reports. Of the
126 ICs identified, compared with the expected 572
cases, 15.3% and 31.0% were found in the first and
second period (interval-years), respectively. Of the
total number of cases identified, in 86 cases with
known stages, 21.2% were stage Ⅰ, 22.3% stage Ⅱ
and 56.5% stages Ⅲ/Ⅳ. The most advanced stage
was found in the proximal colon (76.6% as opposed to
46.8% in the distal colon above the splenic flexure).
The sensitivity for the proximal colon was 68.3%
(95%IC: 57.7%-76.8%). Even though cases of those
not invited and not participants were not analyzed, the
most frequent cases in men with ICs and in the leftsided colon (distal colon and rectum) coincided exactly
[21]
with those shown by Gill et al
in their comparative
study of SCs (322 cases), ICs (192 cases), controls

1.0

Survival probability

0.8
0.6
Screen detected CRC
IC-FIT
IC-colonoscopy
Screen detected CRC censored
IC-FIT censored
IC-colonoscopy censored

0.4
0.2
0.0
0

1

2

  3

4

5

  6

7

8

t /yr

Screen detected CRC
IC FIT
IC colonoscopy

1-yr
survival

3-yr
survival

5-yr
survival

98.5%
95.2%
94.4%

95.0%
82.4%
85.0%

91.6%
77.8%
63.8%

Figure 2 Kaplan-Meyer survival curve by different colorectal cancer
types.

underestimated as they require a longer follow-up
time and therefore the number of cases could increase
in the next few years, hence the figures for postcolonoscopy ICs should be considered with caution.
The same is not true regarding the data related to
each individual case and their characteristics which
justify the importance of this study.
Another limitation of this study is not having
taken other risk factors of patient-related ICs into
account, such as habits or other biochemical or genetic
markers in order to provide a more detailed analysis.
These factors are to be explored in prospective future
studies. Advanced Adenomas were not analyzed either,
[18]
as they were in the study by Stegeman et al . In the
FIT arm (OC Sensor) of the clinical trial, with a cut off
of 50 ng/100 mL, defined a person with an advanced
neoplasia (AA + CRC) found in a colonoscopy as a
[18]
false negative. In Stegeman et al
study, of 1112
participants, 65 (64%) had a false negative result,
age (OR = 1.04 per additional year) and smoking (OR
= 2.02) were found to be risk factors and sensitivity
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categorized the cancers detected in Scotland with
the gFOBT Programme according to the pattern of
participation, finding that of the 1927 CRC detected,
405 were SCs, 529 were ICs and 993 CRC in people
who had not participated in over 2 years, and of which
658 had never participated. The stage was similar in
those who had participated one, two or three times,
indicating that it was not likely that the prognosis of
SCs would be worse if it had not been detected in
the first invitation. Similarly, differences were found
between SCs and ICs in the pattern of participation.
[25]
Regarding the study by Garcia et al , differences
were found in the detection rate of ICs in rounds. An
increase was observed, even though different tests
were used in four invitations with gFOBT and FIT,
and a shorter follow-up period than in our case, 30
mo of monitoring (30480 tests carried out), finding
97 SCs, 74 ICs after a negative test result, 17 after
an inconclusive result and 2 in post-colonoscopy
follow-up. The rate of ICs increased in the rounds
(32.4%-46.0%). In their study, they also found that
the ICs were found predominantly in the rectum
(OR = 3.66, 95%CI: 1.51-8.88), as opposed to our
study in which they were more commonly found in a
proximal location in the case of IC-FIT and distal in ICcolonoscopy. However, very similar data were found
regarding the most advanced stages of ICs (P = 0.025)
and there were no significant differences regarding sex
or location.
Many studies published over the last few years
have tried to study the impact of ICs in screening
programmes as well as the factors associated with its
[26]
appearance. Robertson et al study, which monitored
9167 patients who had had a colonoscopy with
adenomas diagnosed after a follow-up of an average
of 47.2 mo, identified 58 ICs, 0.6%, similar to our
findings of IC-colonoscopy (0.7%). Fifty-two percent
of the CRC were classified as possible missed lesions,
24% as probable new lesions and 19% possibly related
to a previous and incomplete resection of polyp. One
of the risk factors associated with an IC-colonoscopy
could therefore be an incomplete resection, which
was shown in 11% of the cases in our study, which
is an important fact in the quality of the programme
[27]
and its possible consequences. le Clercq et al , in
their follow-up of people diagnosed with CRC (5107
patients) five years after an index colonoscopy, where
147 ICs were identified or postcolonoscopy CRCs
(PCCRCs) found that 8.8% were seen to have had
an incomplete resection in the previous colonoscopy.
Location could also be another risk factor to be taken
into account. In this study as well as others which
[28]
have been published in recent years [Brenner et al ,
[29]
[30]
Samadder et al
and Richter et al , a proximal
location or right-sided colon seem to be a risk factor
when developing an IC; similar to our study in which
a proximal location was significantly more frequent
than distal]. These locations would benefit from further

Table 5 Hazard ratios and 95%CI for interval cancer vs
screen-detected cancers

Sex
Female (ref)
Male
Age (yr)
50-54 (ref)
55-59
60-64
65-69
Deprivation Index
1 (least deprived) (ref)
2
3
4
5 (most deprived)
Location
Rectum (ref)
Proximal1
Distal2
Stage
Ⅰ (ref)
Ⅱ
Ⅲ
Ⅳ
CRC type
Screen detected CRC (ref)
IC FIT
IC colonoscopy

Hazard ratio

95% CI

P value

1.39

1.01-1.93

0.049

1.37
1.22
1.47

0.79-2.36
0.72-2.07
0.89-2.44

0.451
0.258
0.463
0.137

0.89
1.01
0.90
1.16

0.54-1.46
0.63-1.62
0.54-1.51
0.72-1.88

0.839
0.639
0.956
0.696
0.537

1.17
0.56

0.78-1.77
0.39-0.82

< 0.001
0.456
0.003

1.99
3.67
26.54

1.11-3.54
2.31-5.83
17.37-40.56

< 0.001
0.020
< 0.001
< 0.001

3.31
3.49

2.25-4.85
1.11-10.97

< 0.0001
< 0.0001
0.032

1

Caecum, ascending, hepatic flexure, transverse; 2 Splenic flexure,
descending.

never invited (511) and non-participants (311) in the
National Health Service. Although these were done
with gFOBT, in which ICs were found to be more
frequent in men (60.4%, P = 0.003), in the leftsided colon (66.7%, P = 0.003). However, the study
[22]
undertaken by Steel et al , points out that where
location is concerned, screening cancers are diagnosed
in earlier stages than interval cancers in the colon (ⅠⅡ: 62.2% vs 21.5%) but not in the rectum (Ⅰ/Ⅱ: 54.3%
vs 49.9%); unlike in our study in which all screening
cancers were diagnosed in earlier stages than those of
interval cancers.
There was a significant reduction in the detection
rate of SCs in subsequent rounds, which was also seen
in ICs. When comparing the three rounds of screening
with gFOBT of 48500 invitations with an average
participation rate of 61.8%, 57.0% and 58.7%
[23]
respectively, Moss et al found a sensitivity of 71%
and 50% in men and women, respectively, in the first
round and 65% and 51%, respectively, in the second
round, observing the same pattern of reduction. In our
study, the detection rates of ICs were found to have
the same trend, which points to the fact that screening
is a protective factor, corroborated in our study by the
high participation rate. In this sense, no significant
differences were found regarding participation in SCs
[24]
and ICs, unlike those found by Steele et al , who
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targeted research.
[29]
Moreover, the study by Samadder et al , carried
out on 26851 patients who had had a colonoscopy,
found 159 ICs which developed between 6-60 mo
after the colonoscopy. In 57.2% of the cases, previous
adenomas had been identified, which is a similar
percentage to our study (61.1%). As in other studies,
another factor associated with IC is the stage. In the
[29]
study by Samadder et al , as well as that by Brenner
[28]
et al , ICs are diagnosed in more advanced stages
than screening cancers, which also coincides with our
study.
Neither sex nor age seem to play an important
[29]
part in the diagnosis of an IC. Samadder et al , like
our study, did not find any relation between these two
[30]
factors. On the other hand, Richter et al identify being
over the age of 60 as a risk factor. These differences
could be due to the context of implementation of the
programmes, but new studies should corroborate or
reject this hypothesis.
Another key point in screening programmes is
[31]
the f-Hb cut-off. In a study carried out by Digby et al
with FIT analyzing interval cancers, they concluded
that the average value of f-Hb just before the round
prior to the diagnosis of interval cancer (2.8 µgr f-Hb/g
faeces) is much lower than the cut-off used most
frequently in screening programmes (20 µgr f-Hb/g
Faeces). In this study, by reducing the cut-off to 10
µgr f-Hb/g Faeces, the rate of positives would increase
from 2.4% to 9.4%, with an important increase in
the need for colonoscopies (increasing the number of
false positives), which would increase the proportion
of interval cancers by 38.3%. In this study, a similar
average of f-Hb to this study was observed, so interval
cancers do not seem to have f-Hb levels close to
positive in previous rounds. This fact could reduce both
cut-off and sensitivity without an important increase
in the number of colonoscopies needed. Moreover, it
is considered that an increase in false negatives would
affect the balance risks/benefits of the programmes,
increasing the risk for healthy people unnecessarily
and reducing the number needed to harm (NNH).
In our study, a survival pattern was seen to be
greater in SCs and also in women, even though
significant differences were not found in the deprivation
index. These data are in keeping with those analyzed
[32]
by Gill et al , although a different classification of the
stage was used in our study. In their study, 322 SCs
were compared with 192 ICs with gFOBT, according
to their stage, and differences were found in survival
in stages Dukes C and D, higher in SCs than in ICs
(P = 0.014 and P = 0.04, respectively). In fact, Cox’s
proportional hazards regression showed that Dukes’
stage, location of tumour and diagnostic group (HR =
0.45, 95%CI: 0.29-0.69, P < 0.0001) as SCs were all
found to have a significant impact on patients' survival.
These data also coincide with the study carried
[33]
out by Morris et al , in which a better prognosis is
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estimated, with earlier stages in screening cancers
(95.9% one-year survival rate) and interval cancers
(78.4% one-year survival rate), which is the greatest
difference when compared to our study. Patients with
screening cancers were offered a higher percentage of
treatments with curative intent than those with interval
cancers, which is the same as in our study.
On the basis of our results, there are a wealth
of options, among which a comparison of CRCs in
people who were not invited (in fact, total coverage
was not achieved until the beginning of 2014), people
who have not participated in any of the rounds of the
programme, people who refused a colonoscopy after
a positive test and CRC detected during the scheduled
follow-up stand out. These comparisons would help
us to know the programme’s outcomes and quality?
more precisely and the impact of early detection by
screening as opposed to other strategies, as developed
[33]
by Morris et al .
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Colorectal cancer (CRC) is one of the main leading causes of death in the
world. There is a consensus that population based screening programmes help
improving life expectancy and quality of life of those suffering from CRC by
early detecting CRCs and early management of patients. Interval Cancers in
CRC screening programmes could be seen as failures of detection and they are
due to the inexistence of diagnostic tools that ensure 100% sensitivity without
harming healthy people (false positives).

Research frontiers

Except for those well-known genetic disorders that are directly linked to CRC
(5% of the CRC) to whom personalised strategies are proposed, the rest of
the population are managed equally in CRC population based CRC screening
programmes. In this sense, there is a need to know the characteristics of
interval cancer (ICs), in order to achieve a better understanding of CRC
development and thus, propose context and patients’ tailored strategies that
could improve the efficiency of CRC screening programmes while innovators
are trying to find more accurate diagnostic tools.
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This research has studied the differences among ICs and Screening-detected
cancers (SCs) on the basis of a high rate participation and population based
screening programme (100% coverage and more than 70% participation rate).
When studying ICs and SCs we have found that the survival rate of SCs is
higher than ICs. Furthermore, we observed relation between ICs, lesion location
and stage.
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These findings help designing more efficient and tailored strategies that reduce
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unnecessary harm and improve current achievements regarding quality of life
and overall life expectancy. Under current diagnostic paradigm, these findings
can define a less harmful and more efficient alternative to those that propose an
increase of diagnostic cut-off points to improve detection while increasing harms
(false positives) and costs (increasing number of unnecessary colonoscopies).
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invitations is two years. Interval cancers colonoscopy (IC-colonoscopy) refers
to interval cancers that are post-confirmatory colonoscopy cancers following a
positive FIT and before a follow-up colonoscopy. SCs refer to lesions that have
been detected within the programme in each round.
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Abstract
AIM
To evaluate the performance of 18-fluoro-2-deoxy
glucose positron emission tomography (FDG-PET) for
esophageal cancer (EC) screening.
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METHODS
We retrospectively analyzed the data of consecutive
asymptomatic individuals who underwent FDG-PET and
esophagogastroduodenoscopy (EGD) simultaneously
for cancer screening at our institution from February
2004 to March 2013. In total, 14790 FDG-PET and
EGD procedures performed for 8468 individuals were
included in this study, and the performance of FDGPET for EC screening was assessed by comparing the
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cancer worldwide and is reportedly associated with
[1]
high mortality . The high mortality of EC remains
[2,3]
problematic also in Japan . Notably, however, the
prognosis of asymptomatic superficial ECs treated by
[3]
endoscopic resection is reportedly favorable . We can
therefore postulate that early detection of ECs in the
screening setting before the occurrence of symptoms
is essential.
Endoscopy, particularly image-enhanced endo
scopy, is accepted as the most useful EC screening
[4-9]
modality ; others include whole-body cancer scree
ning modalities. 18-Fluoro-2-deoxyglucose positron
emission tomography (FDG-PET) is one modality
being increasingly used to screen for whole-body
cancers, including EC, in the opportunistic screening
[10]
setting . Although the usefulness of FDG-PET for
the assessment of EC extension and metastasis,
detection of EC recurrence after treatment, and eva
luation of the response to therapy for EC has been
[11-17]
well examined
, only limited data are available
on the performance of FDG-PET for EC screening.
With respect to the diagnostic ability of FDG-PET for
primary EC lesions, EC that invades the submucosal
layer or deeper can reportedly be detected, but more
[11,13,14,18]
superficial ECs are difficult to detect
. Based
on this finding, it can be hypothesized that FDG-PET
is not suitable for EC screening. To the best of our
knowledge, however, no study has evaluated the true
screen sensitivity of FDG-PET for EC. Asymptomatic
individuals instead of patients with clinically diagnosed
cancers must be evaluated to clarify the true screen
[19,20]
sensitivity
. Furthermore, it is best to analyze
screened individuals undergoing both FDG-PET and
endoscopy simultaneously because this allows for the
most accurate calculations based on the endoscopy
[19,20]
findings as the reference
.
In the present study, therefore, we examined the
performance of FDG-PET for EC screening, including its
screen sensitivity for EC, by analyzing large-scale data
of asymptomatic screened individuals who underwent
both FDG-PET and endoscopy.

results of FDG-PET and EGD, considering the latter as
the reference.
RESULTS
Thirty-two EC lesions were detected in 28 individuals
(31 squamous cell carcinomas and 1 adenocarcinoma).
The median tumor size was 12.5 mm, and the depths
of the lesions were as follows: Tis (n = 12), T1a (n
= 15), and T1b (n = 5). Among the 14790 FDG-PET
procedures, 51 examinations (0.3%) showed positive
findings in the esophagus; only 1 was a true-positive
finding. The screen sensitivity, specificity, positive
predictive value, and negative predictive value of FDGPET for ECs were 3.6% (95%CI: 0.1-18.3), 99.7%
(95%CI: 99.6-99.7), 2.0% (95%CI: 0.0-10.4), and
99.8% (95%CI: 99.7-99.9), respectively. Of the 50
FDG-PET false-positive cases, 31 were observed in the
lower esophagus, and gastroesophageal reflux disease
was observed in 17 of these 31 cases.
CONCLUSION
This study is the first to clarify the FDG-PET per
formance for EC screening. Based on the low screen
sensitivity, FDG-PET is considered to be difficult to use
as a screening modality for ECs.
Key words: Cancer screening; Esophageal cancer;
Esophagogastroduodenoscopy; Positron emission
tomography; Screen sensitivity
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study first clarified the per
formance of 18-fluoro-2-deoxyglucose positron
emission tomography (FDG-PET) for esophageal
cancer screening by adopting an appropriate study
method. A large number of asymptomatic screened
individuals who underwent both FDG-PET and eso
phagogastroduodenoscopy were included in the
study, and the performance of FDG-PET was assessed
by comparing the results of FDG-PET and esopha
gogastroduodenoscopy, considering the latter as the
reference. As a result, the low screen sensitivity (3.6%)
and positive predictive value (2.0%) of FDG-PET for
esophageal cancer were clearly shown. Based on the
results, FDG-PET is considered to be difficult to use as
a screening modality for esophageal cancer.

MATERIALS AND METHODS
Study design and subjects

This single-center retrospective study was approved
by the Ethics Committee for Clinical Research of the
National Cancer Center. We retrospectively analyzed
the data of consecutive asymptomatic individuals
who underwent opportunistic cancer screening at
the cancer screening division of the National Cancer
Center, Tokyo from February 2004 to March 2013.
During the study period, 25120 screening esophago
gastroduodenoscopies (EGDs) were performed for
13128 individuals, including those who underwent
more than one EGD in different years. Among them,
14883 EGDs were performed simultaneously (on the
previous day) with FDG-PET examinations in 8468
individuals. Excluding 6 individuals who refused to

Sekiguchi M, Terauchi T, Kakugawa Y, Shimada N, Saito Y,
Matsuda T. Performance of 18-fluoro-2-deoxyglucose positron
emission tomography for esophageal cancer screening. World J
Gastroenterol 2017; 23(15): 2743-2749 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i15/2743.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i15.2743

INTRODUCTION
Esophageal cancer (EC) is the eighth most common
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participate in the study and 24 individuals with a
history of esophageal treatment, 14790 EGDs and
FDG-PETs performed for 8438 individuals were
included and retrospectively analyzed in this study.
To evaluate the performance of FDG-PET for EC
screening, we compared the results of FDG-PET and
EGD, considering the latter as the reference, and
then calculated the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of FDG-PET for EC lesions. If multiple ECs were
detected in one patient, the most advanced lesion in
terms of tumor depth and size was analyzed as the
representative one.
ECs were defined as malignant epithelial tumors
originating in the esophagus, including squamous cell
[21]
carcinoma (SCC) and adenocarcinoma . According to
the Vienna classification, both invasive and noninvasive
[22]
carcinoma (carcinoma in situ) were included in ECs .
FDG-PET and EGD were performed on two con
secutive days. FDG-PET was performed on the first
day and EGD on the second day. Each test was
performed and diagnosed in a blinded fashion with no
knowledge of the findings of the other test by different
[19,20]
doctors
.

Biopsies were taken for histopathological examination
of all lesions that appeared potentially malignant.
When an EC lesion was detected, the patient was
recommended to receive treatment at the National
Cancer Center Hospital or any other hospital. The
results of the treatment, including the histopathological
findings of the resected specimens, were reviewed and
recorded.

Evaluation of screenee characteristics

All screened individuals at our institution are required
to complete a self-administered questionnaire on
lifestyle, demographic characteristics, and medical
history at the time of their first screening and 5
[23]
years later . In the present study, information
about cigarette smoking (nonsmoker, ex-smoker, or
current smoker) and alcohol drinking (nondrinker, exdrinker, or current drinker) were extracted from these
questionnaires. Age, sex, height, and weight were also
evaluated.

Evaluation of EC characteristics

The macroscopic type of EC was determined endos
[24]
copically in accordance with the Paris classification .
The tumor location was also determined endoscopically
and classified as cervical esophagus, upper thoracic
esophagus, middle thoracic esophagus, lower thoracic
[25]
esophagus, or abdominal esophagus . The size of the
EC lesions was measured based on the pathological
evaluation of each surgically or endoscopically resected
specimen; when a specimen was not resected, its size
was determined endoscopically. Tumor depth was also
pathologically determined except when EC lesions
were not resected. The depth of EC lesions that were
not resected was evaluated using EGD and endoscopic
ultrasonography. The histopathological type of EC was
determined by the evaluation of each endoscopically or
surgically resected specimen; the type was determined
based on examination of the biopsy specimen only
when it was not resected. The staging of EC lesions
[26]
was based on the TNM classification . The presence
of lymph node and distant metastasis was evaluated
based on radiological imaging (in all patients) and
pathological evaluation of resected lymph nodes (only in
patients undergoing surgery with lymphadenectomy).

FDG-PET examination

FDG-PET was conducted according to the Japanese
FDG-PET guidelines published by the Japanese Society
of Nuclear Medicine (http://www.jsnm.org/fdg_pet),
[20]
as previously described . PET and PET/CT were used
during the study period. For the first 2 years (February
2004 to December 2005), only PET was used (ECAT
Accel; Siemens, Washington DC, United States); this
was gradually replaced by PET/CT (Aquiduo PCA7000B; Toshiba, Tokyo, Japan, or Discovery-600;
GEMS, Milwaukee, WI, United States). The findings
and diagnoses of FDG-PET examinations were
evaluated by a single expert radiologist specializing in
nuclear medicine who was blinded to the endoscopic
findings. A positive FDG-PET finding was defined as
significantly higher round or oval focal accumulation
of FDG in the esophagus compared with background
levels. Segmental uptake, i.e., FDG accumulation in
the shape of the part of the esophagus in which it was
present was diagnosed as a negative FDG-PET finding.
The maximum standardized uptake value (SUVmax)
was evaluated in cases of positive FDG-PET findings.

Statistical analysis

Statistical analyses were performed using SPSS
software (version 22.0; IBM Corp., Armonk, NY,
United States) and the statistical program R, version
3.2.4 (http://cran.r-project.org). For evaluation of
the sensitivity, specificity, PPV, and NPV of FDGPET for ECs, 95%CI were also calculated for these
2
estimates. The χ test or Fisher’s exact test was used
for categorical variables, and the Mann-Whitney U
test was used for continuous variables to compare
the screenee characteristics between cases with
and without ECs. A P value of < 0.05 was considered
statistically significant.

EGD examination

EGD examinations were performed by endoscopists
certified by the Japanese Gastrointestinal Endoscopy
[19]
Society as previously described . Transoral (GIF
H-260, GIF-Q260; Olympus Co., Tokyo, Japan) or
transnasal endoscopy (EG 530-NW, EG 580-NW;
Fujifilm Co., Tokyo, Japan) was performed according to
each screenee’s request. The image-enhanced function
(narrow band imaging or flexible spectral imaging color
enhancement) was routinely used. If necessary, 2%
Lugol solution was sprayed on the esophageal mucosa.
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Table 1 Screenee characteristics in the cases with and without esophageal cancer n (%)
Characteristics

Total (n = 14790)

Age (yr), median (range)
Gender
Male
Female
Body mass index, median (range)
Smoker
Current smoker
Former smoker
Non-smoker
Alcohol
Current drinker
Former drinker
Non-drinker

Esophageal cancer(+) (n = 28)

61.0 (40-92)

67.5 (55-76)

Esophageal cancer(-) (n = 14762)
61.0 (40-92)

9699 (65.6)
5091 (34.4)
23.3 (13.3-44.7)

26 (92.9)
2 (7.1)
23.6 (17.6-31.3)

9673 (65.5)
5089 (34.5)
23.3 (13.3-44.7)

1310 (12.9)
3921 (38.6)
4936 (48.5)

4 (18.2)
12 (54.5)
6 (27.3)

1306 (12.9)
3909 (38.5)
4930 (48.6)

7479 (73.6)
391 (3.8)
2297 (22.6)

20 (90.9)
0 (0.0)
2 (9.1)

7459 (73.5)
391 (3.9)
2295 (22.6)

P value
< 0.0011
0.0022

0.8851
0.1362

0.1712

1

P values were calculated using the Mann-Whitney U test; 2P values were calculated using the χ 2 test.

Clinicopathologic findings of detected ECs

Table 2 Clinicopathologic findings of esophageal cancers
detected in this study
Size (mm), median (range)
Depth1
Tis/T1a/T1b
Location
Ce/Ut/Mt/Lt/Mt-Lt/Ae
Macroscopic type
0-Ⅱc/0-Ⅱc + Ⅱa/0-Ⅰ + Ⅱb
Histopathological type
SCC/ adenocarcinoma
Treatment2, endoscopic treatment/ surgery/
chemoradiotherapy/ radiation/unknown
Lymph node metastasis
Positive/negative
Distant metastasis
Positive/negative

Thirty-two EC lesions, all of which were histologically
proven, were detected in 28 individuals; 25 indi
viduals had 1 lesion, 2 individuals had 2 lesions,
and 1 individual had 3 lesions. Clinicopathologic
characteristics of the 32 EC lesions are summarized in
Table 2. The first treatment was endoscopic resection
for 28 lesions, chemoradiotherapy for 2 lesions, and
radiation for 1 lesion (the treatment for 1 lesion was
unknown). Among the 28 endoscopically resected
lesions, resection was noncurative in 2 because of
submucosal invasion; 1 underwent subsequent eso
phagectomy with lymphadenectomy, and the other
received subsequent chemoradiation therapy. The
pathological evaluation of the 28 resected lesions
showed that the depth of invasion was pTis in 12
lesions, pT1a in 13 lesions, and pT1b in 3 lesions. The
depth of the other four lesions was estimated to be
cT1a (n = 2) and cT1b (n = 2) based on the clinical
examination findings. The median lesion size was
12.5 mm (range, 5-60 mm). With the exception of
1 adenocarcinoma lesion, the other 31 lesions were
histologically diagnosed as SCC. With respect to lymph
node metastasis, one lesion treated with additional
esophagectomy with lymphadenectomy following
endoscopic resection showed pN0. Among the other
31 lesions that were not treated with surgery, only 1
cT1b case showed cN1; the others showed cN0. No
distant metastasis was observed in any patients in this
study.

12.5 (5-60)
12/15/5
0/1/20/8/2/1
30/1/1
31/1
28/1/3/1/1

1/31
0/32

1

The depth of four lesions that were not resected (n = 3) or had an
unknown treatment result (n = 1) were determined clinically: T1a (n = 2)
and T1b (n = 2); 2Two cases overlapped: surgery following noncurative
endoscopic resection (n = 1) and chemoradiotherapy following
noncurative endoscopic resection (n = 1). Ae: Abdominal esophagus; Ce:
Cervical esophagus; Lt: Lower thoracic esophagus; Mt: Middle thoracic
esophagus; SCC: Squamous cell carcinoma; Ut: Upper thoracic esophagus.

RESULTS
Screenee characteristics

The screenee characteristics in the cases with and
without ECs are summarized in Table 1. As a whole,
the median age was 61 years (range, 40-92), and
the male:female ratio was 1.9 (9699:5091). The age
of those with ECs (median, 67.5 years; range, 55-76
years) was higher than that of those without ECs
(median, 61.0 years; range, 40-92 years) (P < 0.001).
The male:female ratio was also higher in cases with
than without ECs (13.0 vs 1.9, respectively; P = 0.002).
Information on smoking and alcohol was available
for 10167 of 14790 cases (68.7%). Although the
proportion of current smokers and drinkers seemed
higher in those with than without ECs, no significant
difference was observed.

WJG|www.wjgnet.com

Sensitivity, specificity, PPV, and NPV of FDG-PET for
ECs

The results of the performance of FDG-PET for
screening of ECs are shown in Table 3. The sensitivity,
specificity, PPV, and NPV of FDG-PET for ECs were 3.6%
(95%CI: 0.1-18.3), 99.7% (95%CI: 99.6-99.7), 2.0%
(95%CI: 0.0-10.4), and 99.8% (95%CI: 99.7-99.9),
respectively. Excluding the cases between 2004 and
2005 during which only PET alone was performed (n =
3808), these four values were 5.3% (95%CI: 0.1-26.0),
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Table 3 Performance of 18-fluoro-2-deoxyglucose positron emission tomography for esophageal cancer screening
Esophageal cancer(+) (n = 28)
FDG-PET positive (n = 51)
FDG-PET negative (n = 14739)
Sensitivity, specificity

Esophageal cancer(-) (n = 14762)

1

50

27

14712

Sensitivity 3.6%
(95%CI: 0.1-18.3)

Specificity 99.7%
(95%CI: 99.6-99.7)

PPV, NPV
PPV 2.0%
(95%CI: 0.0-10.4)
NPV 99.8%
(95%CI: 99.7-99.9)

FDG-PET: 18-fluoro-2-deoxyglucose positron emission tomography; NPV: Negative predictive value; PPV: Positive predictive value.

99.6% (95%CI: 99.4-99.7), 2.1% (95%CI: 0.1-11.1),
and 99.8% (95%CI: 99.7-99.9), respectively.

sensitivity, it is believed that FDG-PET is difficult to use
as a screening modality for ECs.
The very low PPV with many false-positive cases is
also a problem for FDG-PET as a screening modality of
ECs. The false-positive results of FDG-PET reportedly
[27,28]
may be associated with esophageal inflammation
.
In this study, many false-positive cases showed GERD,
indicating a possible relationship between false-positive
FDG-PET findings and GERD. This raises the question
of whether the SUVmax is helpful in differentiating
true-positive from false-positive cases, such as those
with GERD. In this study, the SUVmax was evaluated
in every FDG-PET-positive case, which is a strength of
this study. Considering that the SUVmax (4.7) of the
one true-positive case was higher than that of almost
all false-positive cases (49 of 50), it is possible that
the SUVmax may be useful for this differentiation.
However, because of the small number of true-positive
cases (n = 1), it was difficult to draw a clear conclusion
regarding this issue. In addition, even if the SUVmax is
useful, there must be a limit on the increase in the PPV
from the very low value gained in this study.
There were several limitations in this study. First,
although this study adopted the results of EGD exa
minations, the most reliable and accepted modality
for detecting ECs, as the reference for the analyses of
the performance of FDG-PET, it remains possible that
[4-9]
some EC lesions were overlooked by EGD . However,
considering that EGD examinations were performed
by experienced endoscopists certified by the Japanese
Gastrointestinal Endoscopy Society and that imageenhanced endoscopy was routinely used, the risk of
overlooking EC lesions was presumably low, and its
effect on the results of the performance of FDG-PET
for EC screening was small.
Second, the number of detected ECs was relatively
small, and no ECs invading the muscularis propria were
included in this study. If ECs invading the muscularis
propria had been included, the sensitivity may have
increased. Importantly, however, the prevalence
of advanced ECs is not expected to be high in the
screening setting as shown in this study, and the target
lesions to be screened should be early-stage lesions.
Thus, the low sensitivity of FDG-PET for ECs in the
present study, which analyzed large-scale data of the
screening population, is believed to reflect the actual
performance of FDG-PET for ECs in the screening

Evaluation of FDG-PET-positive cases and SUVmax

Among the 14790 FDG-PET examinations, 51 (0.3%)
showed positive findings in the esophagus; only 1 was
a true-positive finding. The true-positive case was
a 60-mm 0-Ⅱa + Ⅱc EC lesion located in the lower
thoracic esophagus with a histological diagnosis of
SCC and estimated invasion depth of the superficial
submucosa; it was detected as a positive FDG-PET
finding with an SUVmax of 4.7. The other 50 FDGPET-positive cases were false-positive, and the median
SUVmax in these cases was 3.3 (range, 2.0-5.2). The
SUVmax (4.7) of the one true-positive case was higher
than that of all but one of the false-positive cases (n =
49). Of all 50 false-positive cases, 31 showed a positive
FDG-PET finding in the lower part of the esophagus,
and gastroesophageal reflux disease (GERD) was
observed in 17 of these 31 patients (54.8%; grade A/B
of the Los Angeles classification, n = 13/4). GERD was
not observed in the other 19 false-positive cases.

DISCUSSION
The present study is the first to evaluate the per
formance of FDG-PET for ECs in the screening setting.
The results clarified the very low screen sensitivity
of FDG-PET for ECs. The population comprised
asymptomatic individuals, and all detected ECs were
superficial and did not invade beyond the submucosal
layer. In this situation, the sensitivity of FDG-PET for
ECs was very low. Even after excluding old cases
using PET alone, the sensitivity was still very low.
The difference from several previous studies showing
a relatively high sensitivity of FDG-PET for ECs
(69%-100%) is considered to be mainly due to the
[11,13,14]
differences in study populations
. While the study
population of those previous studies was patients with
previously known ECs that mostly comprised advanced
ECs, the present study population was asymptomatic
individuals being screened for cancer. Some previous
studies showed low sensitivity of FDG-PET for super
ficial ECs. The results of our study are consistent with
these, and our study is highly important because it
confirms the low sensitivity of FDG-PET for ECs in the
[11,13,14,18]
screening setting
. Because of the very low
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setting.
Third, this study included four ECs in which the
clinicopathologic features (tumor depth, etc.) were
determined not by the pathological evaluation of the
whole lesions but by the findings of clinical examinations
such as EGD and endoscopic ultrasonography; thus,
the accuracy may not have been perfect. However,
the diagnostic accuracy of these examinations for ECs
is reportedly high, and the effect of this issue on the
[4-9,29]
results of the present study is considered small
.
Fourth, the histological type of all ECs except one
was SCC in this study, reflecting the predominance
of SCC in Japanese ECs and showing that the
screening performance of FDG-PET for esophageal
adenocarcinomas is difficult to judge from the findings
[3]
of this study . Although the results of FDG-PET
performance in EC screening may depend on the
histological type of ECs, no high-quality data have
shown the difference in FDG-PET visualization between
adenocarcinoma and SCC. In addition, considering
that the screen sensitivity of FDG-PET for early gastric
cancer and early colorectal cancer, both mostly com
prising adenocarcinoma, is reportedly low, FDG-PET
may still be difficult to use for EC screening even when
adenocarcinoma is the predominant histological type
[19,20]
of ECs
.
Fifth, data regarding screenee characteristics were
missing in a part of cases of this study. However, only
individuals considered to be at average risk undergo
screening at our institution; thus, the study population
as a whole was believed to be at average risk for ECs.
The available data on the screenee characteristics
showed that the study population did not include many
high-risk individuals.
Finally, the FDG-PET findings in this study were
evaluated by a single expert radiologist specializing
in nuclear medicine. Although this led to reduced
interobserver variability, representing a strength of this
study, further studies involving multiple radiologists
[20]
are warranted .
In conclusion, this study is the first to examine
the performance of FDG-PET for EC screening using a
large number of asymptomatic individuals and clearly
showed the low sensitivity and PPV of FDG-PET for ECs
in the screening setting. Based on these results, FDGPET is considered to be difficult to use as a screening
modality for primary ECs.

The usefulness of FDG-PET for the assessment of EC extension and
metastasis, detection of EC recurrence after treatment, and evaluation of
the response to therapy for EC has been well examined in previous studies.
However, there have been few studies evaluating the true performance of FDGPET for EC screening.

Innovations and breakthroughs

The present study clarified the FDG-PET performance for EC screening by
adopting an appropriate study method. Asymptomatic screened individuals
undergoing both FDG-PET and endoscopy simultaneously instead of patients
with clinically diagnosed cancers were assessed in this study. The low
sensitivity (3.6%) and low positive predictive value (2.0%) of FDG-PET for EC
in the screening setting were clearly shown.

Applications

Based on the results of this study, FDG-PET is considered to be difficult to use
as a screening modality for primary ECs.

Terminology

FDG-PET is a noninvasive nuclear imaging technique (positron emission
tomography) using 18-Fluoro-2-deoxyglucose. This modality is increasingly
used to screen for whole-body cancers in opportunistic screening.

Peer-review

Although it is known that PET-CT is not used for EC screening, there have been
only limited data available on the performance of FDG-PET for EC screening.
Based on the retrospective analysis involving 8438 subjects, this study
clarified the very low sensitivity and PPV for detecting EC in an asymptomatic
population. This study is well conducted and well thought through. The results
are clearly presented and the conclusions are sensible and useful.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Research Ethics Committee of
Aerospace Center Hospital.

AIM
to explore the association between Helicobacter
pylori (H. pylori ) infection and obesity/weight gain in a
Chinese population.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

Data sharing statement: No additional data are available in
this manuscript.

METHODS
Our primary outcome was the change in body mass
index (BMI). The generalized linear models were used
to explore the association between H. pylori infection
and the change of BMI, and the logistic regression
models were used to explore the association between
H. pylori infection and obesity.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
A total of 3039 subjects were recruited and analyzed, of
which 12.8% were obese. The prevalence of H. pylori
infection was 53.9% (1639/3039) overall and 54.6%
(212/388) in the obese subjects. The change of BMI
in the H. pylori (+) group was not significantly higher
than that in the H. pylori (-) group after adjustment
for potential confounding factors [RR = 0.988, 95%CI:
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[7,8]

0.924-1.057, P = 0.729]. The prevalence of obesity
decreased 1.1% in the H. pylori (+) group and 0.5%
in the H. pylori (-) group. The RR of H. pylori infection
for obesity was 0.831 (95%CI: 0.577-1.197, P = 0.321)
after the adjustment.

a higher H. pylori prevalence in obese patients .
[1]
The systematic review by Dhurandhar et al reported
an increase in weight gain or an increase in the
biomarkers associated with weight gain after H. pylori
eradication, and most cross-sectional studies found
evidence of a higher prevalence of H. pylori infection
in obese individuals or metabolic impairment in the
presence of the infection.
One study indicated an inverse relationship bet
ween morbid obesity and H. pylori seropositivity,
leading to the hypothesis that the absence of H. pylori
infection during childhood may enhance the risk of
[9]
developing morbid obesity . The significant increase in
body mass index (BMI) observed after eradication of H.
pylori highlights a possible inverse correlation between
[10,11]
H. pylori infection and obesity
. Several studies
did not find any influence of bacterial eradication on
[12,13]
body weight
. In a large randomized controlled
study, Lane and colleagues found a significant increase
in body mass following eradication of H. pylori in
[10]
a European population . A meta-analysis of 18
observational studies including 10000 subjects found
a higher body mass index among H. pylori-positive
[14]
subjects compared with H. pylori-negative subjects .
A cross-sectional study showed that H. pylori infection
was significantly and positively associated with
[15]
overweight/obesity in a Chinese population . Reports
from different areas and countries were not consistent
with each other, and most were cross-sectional studies.
It is therefore necessary to further explore the true
association between H. pylori infection and obesity.
Therefore, we performed this retrospective study to
explore the association between H. pylori infection and
obesity/weight gain in a Chinese population.

CONCLUSION

H. pylori infection was not associated with overweight/
obesity observed from the retrospective study in this
Chinese population.

Key words: Obesity; Helicobacter pylori ; retrospective
study; China
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The association between Helicobacter
pylori (H. pylori ) infection and obesity/weight gain

is still unclear and controversial. We performed this
retrospective study with a large sample size to explore
the association between H. pylori infection and obesity/
weight gain in Chinese people. The change in body
mass index and the prevalence of obesity over two
years in the H. pylori (+) group were not significantly
higher than those in the H. pylori (-) group. We
concluded that H. pylori infection was not associated
with overweight/obesity observed from this study of
Chinese people.
Xu MY, Liu L, Yuan BS, Yin J, Lu QB. Association of obesity
with Helicobacter pylori infection: a retrospective study. World
J Gastroenterol 2017; 23(15): 2750-2756 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i15/2750.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i15.2750

MATERIALS AND METHODS
Study design and participants

INTRODUCTION

This observational retrospective study was performed
at the Aerospace Center Hospital in Beijing, China.
The data of all the subjects from a certain unit who
underwent health examination in 2012 were retrieved
from the registration system. The subjects without
H. pylori detection results or data regarding height/
weight were excluded. We then searched the data
regarding height and weight of the same patient
population in 2013.
We performed a chart review of all recruited subjects
to collect the information regarding demographic
characteristics, underlying diseases (diabetes, hyper
tension and coronary heart disease), and laboratory
test results, including low density lipoprotein (LDL),
high density lipoprotein (HDL), triglycerides (TG), total
cholesterol (TC) and fasting blood-glucose (FBG). The
height and weight of all the subjects were measured
at baseline and at 1-year follow-up. H. pylori status
was estimated by enzyme linked immunosorbent
assay (ELISA) for anti-H. pylori IgG and IgM. This
study was performed with the approval of the Ethical

Obesity is defined as excessive fat accumulation that
may impair health. The World Health Organization
estimated that over 600 million people in the world
were obese in the year 2014. The worldwide prevalence
of obesity more than doubled between 1980 and 2014.
Obesity is associated with infectious diseases, such that
certain infections may trigger an increase in adiposity,
such as human adenovirus 36, H1N1/influenza virus,
human immunodeficiency virus, and Helicobacter pylori
[1]
(H. pylori) .
H. pylori is one of the most common human
infections, and it is estimated that more than half of
[2]
the world’s population are infected . H. pylori has
been linked to gastritis, gastric ulcers and gastric
[3-5]
cancer
. The association between H. pylori and
obesity/weight gain remains unclear and controversial.
The prevalence of H. pylori infection was reported
[6]
to be from 8.7% to 85.5% . A lower prevalence of
H. pylori infection was found in obese patients than in
[6]
the general population . Other studies have reported
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Health examination population in the hospital
(n = 16462)

Totally 13390 were excluded from the cohort study
11013 subjects without detection of Helicobacter pylori
2377 subjects without the data of body mass index

Subjects at baseline in the cohort study
(n = 3072)

Helicobacter pylori (+)
Lost (n = 20)

Helicobacter pylori (-)
Lost (n = 13)

Subjects at one-year follow up
(n = 3039)

Figure 1 The flow diagram of the subject selection in the study.

Committees of the hospital. The methods were carried
out in accordance with the approved guidelines. At
recruitment, written informed consent was obtained
from all subjects.

RESULTS
Subjects

A total of 16462 subjects participated in the health
examination at the hospital. The diagram of the
selection of subjects in the study is shown in Figure 1.
Among all the subjects, 13390 were excluded due to
the absence of H. pylori detection results or BMI data,
and 33 (1.1%) subjects were lost to follow-up. Finally,
3039 subjects were recruited and analyzed.
The characteristics of the subjects in this study are
shown in Table 1. The mean (SD) age of all the subjects
was 49 (19) years, and 248 (8.2%) were female. A
total of 770 (22.5%) subjects had underlying diseases,
including 21.1% with hypertension, 6.8% with diabetes
and 5.8% with coronary heart disease. The mean
2
(standard deviation) BMI was 24.5 (3.3) kg/m . Most
(44.2%) of the subjects had normal weight, 41.0%
were overweight and 12.8% were obese.

Outcomes

Our primary outcome was the change in BMI. The
secondary outcome was the prevalence of obesity.

Statistical analysis

BMI was calculated as the weight (kg) divided by the
square of the height (m). Obesity was defined as BMI
2
equal to or greater than 28 kg/m , and overweight was
2
defined as BMI equal to or greater than 24 kg/m and
2
less than 28 kg/m , as recommended by the Working
[16]
Group on Obesity in China . Descriptive statistics
were performed, with continuous variables summarized
as median and range and categorical variables as
frequencies and proportions. The statistical significance
2
between groups was tested using the χ -test or Fisher’s
exact test for categorical variables and the independent
t test for continuous variables. Generalized linear models
were used to explore the association between H. pylori
infection and the change in BMI. Logistic regression
models were used to explore the association between
H. pylori infection and obesity. The variables of age, sex,
marital status, underlying disease, LDL, HDL, TGs, TC
and FBG were adjusted in the above models. Risk ratios
(RRs) and their 95%CIs were estimated. A two-sided P
value < 0.05 was considered statistically significant. All
analyses were performed using Stata 12.0 (Stata Corp
LP, College Station, TX, United States).

WJG|www.wjgnet.com

H. pylori distribution

The overall prevalence of H. pylori infection was
53.9% (1639/3039), and the prevalence was 54.6%
(212/388) in the obese subjects. Higher rates of
seroprevalence were demonstrated in the subjects
who were older, married, had underlying diseases,
hypertension or higher FBG (all P < 0.05), as shown
in Table 1. No significant associations were found
between H. pylori and BMI/obesity at the baseline
survey (P > 0.05).

Association between H. pylori and BMI

Observed from all the subjects, the BMI decreased from
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3

Variable

Total (n
Baseline data
= 3039) H. pylori (+) H. pylori (-) P value

Age (yr), mean ± SD
≤ 45
45-60
> 60
Sex, female
Marriage, single
Underlying disease
Diabetes
Hypertension
Coronary heart disease
LDL > 3.1 mmol/L
HDL < 0.83 mmol/L
TG > 1.71 mmol/L
TC > 5.7 mmol/L
FBG > 6.1 mmol/L
BMI, kg/m2
Underweight
Normal
Overweight
Obese

49 ± 19
1513 (49.8)
523 (17.2)
1003 (33.0)
248 (8.2)
734 (24.2)
770 (25.4)
207 (6.8)
642 (21.1)
177 (5.8)
816 (28.1)
823 (28.4)
861 (28.3)
614 (20.2)
439 (14.5)
24.5 ± 3.3
62 (2.0)
1342 (44.2)
1247 (41.0)
388 (12.8)

2
1
0
-1
-2
-3

B

5

2

-4

4

Change value of BMI, kg/m

Table 1 The characteristics of subjects at study baseline n (%)

10

15

20

25
30
35
2
BMI at baseline (kg/m )

40

45

10

15

20

25
30
35
2
BMI at baseline (kg/m )

40

45

3
2
1
0
-1
-2
-3
-4

47 ± 19
776 (51.3)
204 (39.0)
420 (41.9)
111 (44.6)
376 (51.2)
324 (42.1)
86 (41.6)
273 (42.5)
78 (44.1)
351 (43.0)
354 (43.0)
373 (43.3)
278 (45.3)
181 (41.2)
24.4 ± 3.3
28 (45.2)
649 (48.4)
547 (43.9)
176 (45.4)

< 0.001
< 0.001

0.662
0.001
0.010
0.175
0.042
0.579
0.092
0.090
0.056
0.660
0.028
0.221
0.146

BMI: Body mass index; LDL: Low density lipoprotein; HDL: High density
lipoprotein; FBG: Fasting blood glucose; TG: Triglycerides; TC: Total
cholesterol; H. pylori: Helicobacter pylori.

Figure 2 The scatter plots of change in body mass index along with body
mass index at baseline in the Helicobacter pylori (+) and Helicobacter
pylori (-) groups. The trend lines are added in the two plots. A: Helicobacter
pylori (H. pylori) (+) group; B: H. pylori (-) group. BMI: Body mass index.

DISCUSSION
We evaluated the relationship between H. pylori
infection and obesity/weight gain in the population
using a retrospective study. No significant differences
were found during the analysis. Despite the lack of
significant differences, we found a trend toward weight
loss in conjunction with H. pylori infection.
The prevalence of H. pylori in the overall population
was 53.9%, which was similar to those in other Asian
countries (Japan and Taiwan), lower than those in
most European and South American countries and
[6]
higher than those in North America and Australia .
These discrepancies might be related to both small
sample size and variability in diagnostic testing.
Different methods were used to diagnose H. pylori
infection. Serology had a low diagnostic accuracy of
only 80%-84%, which is only useful to exclude H.
pylori, while the urea breath test (UBT) performed
better with a sensitivity of 88%-95% and a specificity
[6]
of 95%-100% . Therefore, in order to give a correct
diagnosis, positive serology and UBT should be per
formed together before treatment.
Some studies reported that eradication of H.
pylori was associated with metabolic disturbances
[17-19]
including weight gain
. Some studies have given an
explanation about the effect of H. pylori eradication;
one was that H. pylori eradication increases the
gastric secretion of ghrelin, which leads to increased
[20,21]
appetite and weight gain
. The precise effect of
gastric secretion of ghrelin on circulating ghrelin levels
is not straightforward. Another explanation was that
the eradication of H. pylori decreases gastric leptin

the baseline to the 1-year follow-up in both the H. pylori
(+) group (r = -0.169, Figure 2A) and the H. pylori (-)
group (r = -0.189, Figure 2B). However, the change
in BMI in the H. pylori (+) group was not significantly
higher than that in the H. pylori (-) group after adjusting
for age, sex, marriage, underlying disease, LDL, HDL,
TGs, TC and FBG (RR = 0.988, 95%CI: 0.924-1.057,
P = 0.729), as shown in Table 2. BMI significantly
decreased in the overweight and obese subjects at the
1-year follow-up, while it was non-significantly increased
in the underweight and normal weight subjects (Table 2
and Figure 3). Differences were not found between
H. pylori infection and BMI change in different BMI
groups (P > 0.05 for all).

Association between H. pylori and obesity

The prevalence of obesity decreased 1.1% in the H.
pylori (+) group and 0.5% in the H. pylori (-) group
(Table 3). The RR of H. pylori infection for obesity
was 0.831 (95%CI: 0.577-1.197; P = 0.321) after
the adjustment. In the obese subjects, the decreased
prevalence of obesity was 19.9% and 19.1% in the
H. pylori (+) and the H. pylori (-) group, respectively.
Compared with the H. pylori (-) group, the subjects in
the H. pylori (+) group lost weight more easily (RR =
0.931; 95%CI: 0.574-1.585; P = 0.972). In the nonobese subjects, the prevalence of obesity in the H.
pylori (+) group was lower than that in the H. pylori (-)
group (RR = 0.673; 95%CI: 0.382-1.186; P = 0.170).
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50 ± 19
737 (48.7)
319 (61.0)
583 (58.1)
137 (55.4)
358 (48.8)
446 (57.9)
121 (58.5)
369 (57.5)
99 (55.9)
465 (57.0)
469 (57.0)
488 (56.7)
336 (54.7)
258 (58.8)
24.5 ± 3.2
34 (54.8)
693 (51.6)
700 (56.1)
212 (54.6)
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Table 2 The association between Helicobacter pylori and body mass index in the study
Group

Change in BMI

Model 1 in all the subjects
H. pylori (+)
H. pylori (-)
Model 2 in the subjects with obesity
H. pylori (+)
H. pylori (-)
Model 3 in the subjects with overweight
H. pylori (+)
H. pylori (-)
Model 4 in the subjects with normal and underweight
H. pylori (+)
H. pylori (-)

Crude

Adjusted

Value

P value

RR (95%CI)

P value

RR (95%CI)

P value

-0.118
-0.080

< 0.001
< 0.001

0.963 (0.901-1.029)
1.000

0.264

0.988 (0.924-1.057)
1.000

0.729

-0.431
-0.411

< 0.001
< 0.001

1.020 (0.791-1.317)
1.000

0.876

1.038 (0.794-1.357)
1.000

0.786

-0.136
-0.196

< 0.001
< 0.001

0.942 (0.852-1.042)
1.000

0.245

0.968 (0.874, 1.072)
1.000

0.529

0.159
0.057

0.987 (0.908-1.074)
1.000

0.764

1.009 (0.926-1.1)
1.000

0.835

0.0563
0.0435

H. pylori: Helicobacter pylori.

Table 3 The association between Helicobacter pylori and obesity in the study
Group

Event

Model 1 in all the subjects
H. pylori (+)
H. pylori (-)
Model 2 in the obese subjects
H. pylori (+)
H. pylori (-)
Model 3 in the non-obese subjects
H. pylori (+)
H. pylori (-)

Crude

Adjusted

Baseline

1 yr

Incidence (%)

RR (95%CI)

P value

RR (95%CI)

P value

212 (12.9)
176 (12.6)

194 (11.8)
169 (12.1)

18 (1.1)
7 (0.5)

0.890 (0.626-1.267)
1.000

0.519

0.831 (0.577-1.197)
1.000

0.321

212 (100)
176 (100)

170 (80.2)
141 (80.1)

42 (19.8)
35 (19.1)

0.995 (0.603-1.642)
1.000

0.985

0.931 (0.547-1.585)
1.000

0.792

0
0

24 (1.7)
28 (2.3)

24 (1.7)
28 (2.3)

0.731 (0.422-1.268)
1.000

0.265

0.673 (0.382-1.186)
1.000

0.170

3
2
1
0
-1
-2
-3
-4
-5

B

5

2

4

4

Change value of BMI, kg/m

5

Change value of BMI, kg/m

A
2

Note: The population is the same as that in Table 2. H. pylori: Helicobacter pylori.

Underweight

Normal
Overweight
BMI groups

Obesity

3
2
1
0
-1
-2
-3
-4
-5

Underweight

Normal
Overweight
BMI groups

Obesity

Figure 3 The scatter plots of change in body mass index in the underweight, normal, overweight and obese subjects at baseline in the Helicobacter pylori (+)
and Helicobacter pylori (-) groups. The means are added in the two plots. A: Helicobacter pylori (H. pylori) (+) group; B: H. pylori (-) group. BMI: Body mass index.

expression, and this decrease was accompanied by an
[22]
increase in BMI . The effects of H. pylori on ghrelin
and leptin strongly suggest that the bacterium “protects”
against obesity. The decreasing incidence of this
infection may be contributing to an increase in appetite
and food intake. Unfortunately, these mechanisms
were not invariably confirmed. Epidemiological studies
have failed to show any association between H. pylori
infection and BMI, although a meta-analysis of 18
observational studies reported a slightly higher BMI in
[14]
H. pylori positive patients . In our study, the H. pylori
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infection appeared to be a protective factor for obesity.
The H. pylori (+) subjects had decreased BMI more
than H. pylori (-) subjects, although the differences
were not significant, which is opposite to the result
[15]
of the cross-sectional study by Zhang et al . This
contrary finding may be attributed to different
populations being analyzed and/or the different
methods used to make the diagnosis. Another reason
may be the increase in intestinal permeability and
the role of gut microbiota to induce insulin resistance
[23,24]
and liver steatosis
. Based on that, we think that
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Innovations and breakthroughs

H. pylori infection may have a limited effect in losing
weight, and the eradication of H. pylori may have a
limited effect in gaining weight. The primary cause of
weight gain is changes in lifestyle. The intake of fat
and carbohydrates increases, while physical activity
clearly decreases. H. pylori infection was associated
with decreased gastric expression of leptin and ghrelin
and correlated negatively with patient energy intake
[25]
and body mass index . It can be postulated that
H. pylori infection due to effects on leptin and ghrelin
protects against the intake of a large amount of
calories in these patients.
Our study had several important limitations. The
primary limitation is that our study had a short-term
follow-up (only one year), and we could not achieve
a significant outcome from the portion of the subjects
who attended follow-up. Another limitation is that we
did not consider the effect of the treatment on the H.
pylori infection during the follow-up time, which may
influence the association between H. pylori infection
and weight gain. We did not analyze the effect of
insulin resistance on the association between H. pylori
and obesity. Serological testing for the presence of
anti-H. pylori IgG and IgM does not indicate a current
infection and only shows exposure to these bacteria,
which may have biased the detection of H. pylori
infection. The last limitation is that the ratio of males
to females was high due to the characteristics of the
unit from which the subjected came. These above
limitations may have biased certain outcomes of the
results.
In conclusion, H. pylori infection was not associated
with overweight/obesity observed in the retrospective
study in this Chinese population.

No significant differences were found between H. pylori infection and obesity/
weight gain during the analysis. In spite of this, the authors also found a trend
toward weight loss with H. pylori infection.

Applications

These results provide evidence that H. pylori infection may be not associated
with obesity or weight gain, which means that H. pylori infection may have a
limited effect in weight loss; that is, eradication of H. pylori may have a limited
effect in gaining weight.

Terminology

BMI, body mass index, is used to quantify the amount of tissue mass (muscle,
fat, and bone) in an individual and then categorize that person as underweight,
normal weight, overweight, or obese based on that value.
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Abstract

Yu Zhao, Department of Surgery, Tianjin Second People’s
Hospital, Tianjin 300192, China

AIM
th
To evaluate the changes in the 8 edition American
Joint Committee on Cancer (AJCC) for defining
stage ⅠB and ⅡA pancreatic cancer and identify their
prognostic factors.

Institutional review board statement: The study has been
approved by the Bioethics Committee of the Affiliated Xuzhou
Hospital of Medical College of Southeast University, China.
Informed consent statement: All patients from the SEER
database have agreed to participate in scientific research.

METHODS
Pancreatic cancer patients were selected from the
Surveillance Epidemiology and End Results database
(1973-2013). The enrolled patients were divided into Ⅰ
B and ⅡA groups based on tumor size according to
th
the 8 edition AJCC criteria. Clinical characteristics,
including age, gender, race, tumor size, primary
site, and grade were summarized. Univariate and
multivariate analyses were performed to explore
the prognostic factors of the ⅠB and ⅡA stages of
pancreatic cancer under new criteria.

Conflict-of-interest statement: All authors declare no
competing financial interests.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
A total of 1349 pancreatic cancer patients were
included. More patients had stage ⅠB rather than
stage ⅡA. Stage ⅠB tumors (54.85%) were mainly

Manuscript source: Unsolicited manuscript
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located in the head of the pancreas, while stage ⅡA
tumors were more often located in the tail and head
of the pancreas (35.21% and 31.75%, respectively).
The survival time of stage ⅠB and ⅡA patients had
no significant difference. Univariate and multivariate
analyses indicated that the prognostic factors of
survival for stage ⅠB and ⅡA patients were different.
For stage ⅠB patients, age and primary site were the
independent prognostic factors; for stage ⅡA patients,
age and grade were the independent prognostic factors.
The risk of death was lower among patients aged ≤ 65
years than those aged > 65 years.

Committee on Cancer (AJCC) system for defining
stage ⅠB pancreatic cancer (IB: tumor diameter > 2
cm, no regional lymph node metastasis, no distant
[11]
th
metastasis) , the 8 edition AJCC criteria emphasize
the cutoff point of 4 cm (IB: tumor diameter > 2
but ≤ 4 cm; ⅡA: tumor diameter > 4 cm, both with
no regional lymph node metastasis and no distant
[12,13]
metastasis)
. Clinically, the size and location of
pancreatic tumor determine the type of surgical
[14-16]
resection
, which suggests the important role of
tumor size and location. Therefore, the aim of this
study was to evaluate the changes in the AJCC system
for defining stage ⅠB and ⅡA pancreatic cancer and
identify their prognostic factors.

CONCLUSION
The prognostic factors for stage ⅠB and ⅡA patients
are different, but age is the independent prognostic
factor for all patients. The survival time of stage ⅠB
and ⅡA patients has no significant difference.

MATERIALS AND METHODS
Patients

The Surveillance Epidemiology and End Results (SEER)
database (1973-2013) was used for the study. The
National Cancer Institute’s SEER*Stat software (Version
8.2.0) was used to identify patients. All patients
underwent surgical treatment and had a pathologically
confirmed diagnosis of stage ⅠB pancreatic tumor
th
th
according to the 6 and 7 edition of the AJCC criteria.
Patients with unknown tumor size were excluded.
Demographics, including age, gender, and race, were
retrieved. Tumor variables included location of the
primary tumor, tumor size, and grade. Survival data
were extracted at 1 mo intervals for a follow-up period
between 1 mo and 110 mo.

th

Key words: Pancreatic cancer; Prognostic factor; 8
American Joint Committee on Cancer; TNM; Tumor size

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: The 8th edition American Joint Committee on
Cancer TNM criteria for pancreatic cancer emphasize
the tumor size cutoff point of 4 cm for the first time.
Thus we used the Surveillance Epidemiology and
End Results database, a population-based database,
to evaluate the new changes in pancreatic cancer
staging and the prognostic factors of stage ⅠB and ⅡA
pancreatic cancer.

Statistical analysis

The enrolled patients were divided into two groups
th
based on tumor size according to the 8 edition
AJCC criteria (IB: tumor diameter > 2 but ≤ 4 cm, Ⅱ
A: tumor diameter > 4 cm). The independent t-test
2
and the χ test were used for the difference analysis
between the two groups. Univariate analysis with the
log-rank test and multivariate analysis with the Cox
proportional hazards regression model were performed
to explore the difference in prognostic factors between
the two groups, with P values < 0.05 considered
statistically significant. All analyses were performed
using SPSS software, version 13.0 for Windows.

Li Y, Tang Cg, Zhao Y, Cao WY, Qu Gf. Outcomes and
prognostic factors of patients with stage ⅠB and ⅡA pancreatic
cancer according to the 8th edition American Joint Committee on
Cancer criteria. World J Gastroenterol 2017; 23(15): 2757-2762
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2757.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2757

INTRODUCTION
Pancreatic cancer is an aggressive and devastating
disease, which is characterized by invasiveness, rapid
[1-3]
progression, and profound resistance to treatment .
The incidence of pancreatic cancer in the United States
and western Europe is 10/100000 per year and almost
[4]
approaches mortality . The overall survival rate at 5
[5,6]
years is less than 5% . Surgical resection is still the
only treatment providing prolonged survival; however,
even after a curative resection, the 5-year survival rate
[7]
remains low .
Tumor size is the basis of cancer staging, which
is one of the strongest prognostic factors in various
[8-10]
cancers, including pancreatic cancer
. Compared
th
th
with the 6 and 7 edition of the American Joint

WJG|www.wjgnet.com

RESULTS
A total of 1349 pancreatic cancer patients were selected
from the SEER database. The age of the patients
ranged from 18 to 90 years, with a median age of 65
years. There were 626 male patients and 723 female
patients. The median tumor diameter was 43.4 mm
(range, 21-540 mm). The pathological stage was
classified asⅠB in 886 patients andⅡA in 463 patients,
th
according to the AJCC 8 criteria. The total median
survival of these patients was 62 mo, and their 1-, 3-,
and 5-year survival rates were 83.8%, 58.9%, and
50.6%, respectively. The patients’ clinical characteristics
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1

Table 1 Clinical characteristics of the entire patient cohort n (%)
Characteristic

Stage ⅠB

Stage ⅡA

P value

1349
65 (18-90)
43.4 (21-540)

886
65 (18-90)
29.5 (21-40)

463
63 (18-90)
70.0 (41-540)

0.000
0.000

626 (46.40)
723 (53.60)

405 (45.71)
481 (54.29)

221 (47.73)
242 (52.27)

0.480

633 (46.9)
165 (12.23)
350 (25.95)
201 (14.90)

486 (54.85)
103 (11.6)
186 (20.99)
111 (12.53)

147 (31.75)
62 (13.39)
164 (35.21)
90 (19.44)

0.000

348 (25.80)
484 (35.88)
230 (17.05)
17 (1.26)
270 (20.01)

221 (24.94)
335 (37.81)
164 (18.52)
10 (1.13)
156 (17.61)

127 (27.43)
149 (32.18)
66 (14.25)
7 (1.51)
114 (24.62)

0.006

1060 (78.58)
289 (21.42)

694 (78.33)
192 (21.67)

366 (79.05)
97 (20.95)

0.760

Entire cohort

Number of patients
Age (yr), median (range)
Tumor size (mm), mean (range)
Gender
Male
Female
Primary site
Head
Body
Tail
Other
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Unknown
Race
White
Other
1

Factors were compared by independent t test and χ 2 test for continuous and categorical variables, respectively.

A tumors was mainly the tail and head of the pancreas
(35.21% and 31.75%, respectively). Among both
stageⅠB andⅡA patients, the majority (approximately
60%) were in gradeⅠ and Ⅱ.
Univariate survival analysis of clinical characteristics
was evaluated with a log-rank test (Table 2). Age,
grade and primary site were significantly associated
with the overall survival of stage ⅠB patients (P <
0.05), while gender and race showed no significant
association with survival (P > 0.05). For stage ⅡA
patients, age, gender, grade, and primary site were
significantly associated with overall survival (P < 0.05),
but race showed no significant association with survival
(P > 0.05). Multivariate analyses for stage ⅠB and Ⅱ
A patients were performed with the Cox regression
model (Table 3). The results indicated that for stageⅠ
B patients, age and primary site were the independent
prognostic factors; for stageⅡA patients, age and grade
were the independent prognostic factors (P < 0.05).
Overall, the survival time of stageⅠB and ⅡA patients
had no significant difference (Figure 1A); whereas, for
both stageⅠB andⅡA, the risk of death was lower for
patients aged ≤ 65 years than those aged > 65 years
(Figure 1B).

Table 2 Prognostic significance for overall survival by
1
univariate analysis of variables for stage ⅠB and ⅡA patients
Variable

Stage ⅠB

Age (yr)
≤ 65
> 65
Gender
Male
Female
Tumor size (mm)
21-30
31-40
41-70
> 70
Primary site
Head
Body
Tail
Other
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Unknown
Race
White
Other

Stage ⅡA

n

Log-rank

n

Log-rank

444
442

0.000

270
193

0.000

405
481

0.162

221
242

0.002

584
302

0.258
332
131

0.013

486
103
186
111

0.000

147
62
164
90

0.004

221
335
164
10
156

0.000

127
149
66
7
114

0.000

694
192

0.148

366
97

0.685

DISCUSSION

1

Univariate analysis was done by Kaplan-Meier method.

As one of the most lethal human cancers, pancreatic
cancer staging is of important significance clinically.
Regardless of how the AJCC definitions of pancreatic
cancer staging change, the diameter of the tumor has
been shown to be a strong predictor of prognosis. The
current cutoff points of > 2 but ≤ 4 and > 4 cm have
been proposed to be the sole factor governing the Ⅰ
B and ⅡA stages in pancreatic cancer. However, the

are presented in Table 1.
Under the new criteria, the median tumor diameter
of stage ⅠB patients was 29.5 mm, while the median
tumor diameter of stage ⅡA patients was 70.0 mm.
The primary site of 54.85% of stageⅠB tumors was the
head of the pancreas, while the primary site of stageⅡ

WJG|www.wjgnet.com
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B

1.0
Stage ⅠB
Stage ⅡA

0.8

Probability of overall survival

Probability of overall survival

A

0.6
0.4

P > 0.05
0.2
0.0

0

20

40

  60

80

0.8

≤ 65 yr

> 65 yr
≤ 65 yr
> 65 yr

0.6
0.4
0.2
0.0

100 120

Stage ⅠB,
Stage ⅠB,
Stage ⅡA,
Stage ⅡA,

1.0

Time from surgery (mo)

P < 0.01
0

20

40

60

80

100 120

Time from surgery (mo)

Figure 1 Kaplan-Meier analysis of overall survival. A: Among 1349 patients, the survival time of stage ⅠB and ⅡA patients had no significant difference (P > 0.05);
B: For both stage ⅠB and ⅡA, death risk was lower in patients aged ≤ 65 yr than those aged > 65 yr.

1

Table 3 Prognostic significance for overall survival by multivariate analysis of variables for stage ⅠB and ⅡA patients
Stage ⅠB

Variable
Age
Gender (male vs female)
Tumor size
Primary site (head vs body-tail)
Grade (Ⅰ + Ⅱ vs Ⅲ + Ⅳ)

Stage ⅡA

RR

95%CI

P value

RR

95%CI

P value

1.037
1.128
1.018
1.734
0.570

1.025-1.049
0.887-1.434
0.996-1.039
1.311-2.294
0.443-0.734

0.000
0.327
0.000
0.000
0.104

1.045
1.235
1.003
1.197
0.490

1.029-1.062
0.852-1.790
0.999-1.008
0.825-1.736
0.333-0.721

0.000
0.265
0.173
0.345
0.000

1

Multivariate analysis was done with Cox proportional hazard regression model.

results from the current study suggest that they are
not statistically sound, since the patients with stage Ⅰ
B and ⅡA cancer had similar outcomes (P > 0.05). The
[17]
findings reported by Burcu
contradicts our findings.
Thus, further studies or more clinical data are required
to evaluate the cutoff point of 4 cm tumor diameter.
In addition, moving to a different staging system
has implications and comes with its challenges, such
as hampered comparison with earlier data. In this
study, all patients were pathologically diagnosed with
th
stage ⅠB pancreatic tumor according to the 6 and
th
7 edition AJCC criteria, which means the data were
discrete over past decades. Therefore, further work
needs to be done to evaluate the quality of the data.
Pancreatic cancer can be divided into head and
body/tail cancers according to the anatomy. In this
study, we found that stage ⅠB tumors were mainly
located in the head of the pancreas, while stage Ⅱ
A tumors were more often located in both the tail
and head of the pancreas (35.21% and 31.75%,
respectively). Generally, pancreatic development begins
with the formation of a ventral and a dorsal bud, which
become the ventral head (lower head and uncinate
process) and dorsal pancreas (upper head, body, and
tail), respectively. This difference in ontogeny leads to
significant differences in cell composition, blood supply,
lymphatic and venous backflow, and innervations be
[18]
tween the head and body/tail of the pancreas . For
instance, the number of islets of Langerhans is greater
in the body and tail. There have been some reports

WJG|www.wjgnet.com

showing the significance of tumor location in terms
of the prognosis of pancreatic tumor. For example, in
pancreatic serous cystic neoplasms and intraductal
papillary mucinous neoplasms, tumor location in the
head of the pancreas was independently associated
[19,20]
with local invasiveness and recurrence
, while in
pancreatic neuroendocrine tumors, tumors located at
the body/tail of the pancreas were more likely to be
[21]
associated with shorter progression-free survival . Our
analysis indicates that tumor location has a correlation
with the prognosis in stage ⅠB pancreatic cancer
patients.
Prognostic factors combining clinical and laboratory
variables with physician’s estimates have been de
[22]
veloped in recent years . However, in this study,
we just selected patients from the SEER database to
analyze the prognostic factors. It is necessary for us to
include more variables using our own patient database
to verify the new TNM staging system.
In conclusion, our analysis demonstrates that more
patients tend to be stage ⅠB rather than stage ⅡA
when they are diagnosed. Overall survival is mainly
associated with age and primary site for stage ⅠB
patients, while for stage ⅡA patients, age and grade
are the independent prognostic factors. The common
independent prognostic factor for both patient groups
is age. However, the survival time of stage ⅠB and Ⅱ
A patients has no significant difference. The results
suggest that the new AJCC criteria need further eva
luation.
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Abstract

Informed consent statement: Informed consent was given by
all participants of the study prior to inclusion.

AIM
to assess the impact of underlying liver disease etiology
on the presenting features and outcomes in a large
cohort of patients with hepatocellular carcinoma (HCC).

Conflict-of-interest statement: There are no conflicts of
interests recorded for this study.

METHODS
A prospective database of all patients with HCC was
established from 1998 to March 2012. One thousand
and seventy-eight patients were categorized into three
groups, based on the etiology of their liver disease:
hepatitis B virus (HBV), hepatitis C virus (HCV) and
non-viral liver disease (NVLD). Overall survival was
determined by Kaplan Meier analysis to time of death
or last follow-up.

Data sharing statement: Technical appendix, statistical code,
and dataset available from the first author at wmoh6298@uni.
sydney.edu.au. Participants gave informed consent for data
sharing. No additional data is available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
HCC patients with HCV (85%) were more likely to be
diagnosed as part of a surveillance program, compared
to HBV or NVLD (both 71%) (p < 0.001). Patients
with NVLD were more likely to receive best supportive

Manuscript source: Unsolicited manuscript
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incidence is rising in the developed world, in countries
such as the United Kingdom, France, the United
[1,2]
States and Australia . The majority of HCC in both
developed and developing countries is attributable to
viral hepatitis. Hepatitis B virus (HBV) and hepatitis C
virus (HCV) are becoming more prevalent in developed
countries, due to migration from high prevalence areas
and transmission in past decades from injecting drug
[1]
use . Subjects with HCV and HBV related cirrhosis are
at particular risk of HCC. The annual incidence rates
of HCC in patients with HCV and HBV are 1%-9% and
[3,4]
0.5%-6% respectively .
Increasing rates of obesity and diabetes in the
developed world have contributed to the rise of
nonalcoholic fatty liver disease (NAFLD). Some patients
with NAFLD, particularly those with nonalcoholic
steatohepatitis (NASH), progress to cirrhosis and
[5-8]
subsequently to HCC
. The association between
alcoholic cirrhosis and HCC is well established. A recent
study showed that alcoholic cirrhosis was the major
risk factor in 29% of patients diagnosed with HCC at
[5]
the Mayo Clinic . The mechanisms by which alcoholic
liver disease and NAFLD contribute to the development
[9,10]
of HCC are thought to be similar
. These are largely
dependent on the presence of liver cirrhosis as a
[11,12]
prerequisite for the development of HCC
.The
annual incidence of HCC among patients with alcoholic
[1,2,11]
and NASH cirrhosis has been reported as 2%-8%
.
HCC is associated with a high morbidity and
mortality rate, particularly among those with cirrhosis.
[13,14]
The five-year survival rate is 14%-18%
. Survival
with HCC relates to both the degree of underlying liver
[5]
impairment and tumor stage at diagnosis . Despite
[15]
limited data from randomized clinical trials
early
detection offers the best chance for curative treatment
[16-18]
for patients with HCC
.
HCC risk factors have been clearly established and
surveillance of those at risk is recommended. The
American Association for the Study of Liver Diseases
(AASLD) and the European Association for the Study
of the Liver (EASL) recommend an ultrasound of the
liver every 6 mo, for patients with cirrhosis due to
[10]
underlying viral and non-viral liver disease (NVLD) .
Routine surveillance of patients with HBV and HCV
cirrhosis has been well adopted by gastrointestinal
subspecialists however screening of patients with nonviral liver cirrhosis, particularly due to alcohol and
[16-19]
NASH appears to be less consistent
. The aim of
this study was to assess the impact of liver disease
etiology on the presenting features and outcomes of
HCC.

care (29%) compared to those with HBV (21%) or
HCV (20%) (p < 0.02). Twelve percent of NVLD and
13% of HBV patients underwent liver transplantation
compared to 21% of HCV patients (p = 0.001). Median
survival from presentation was lowest in NVLD (1.7
years) when compared to HBV (2.8 years) and HCV (2.6
years) (p < 0.05). In multivariate analysis, independent
predictors of survival included Child Turcotte Pugh
score, size of dominant lesion, absence of vascular
invasion, and management with surgical resection
or liver transplantation. Patient age and the etiology
of the underlying liver disease were not independent
predictors of survival
CONCLUSION
Patients with NVLD and HCC were less likely to be
enrolled in a HCC surveillance program and are less
likely to have curative therapies such as liver resection
and transplantation after diagnosis with HCC, when
compared to patients with Hepatitis B and Hepatitis C.
Key words: Hepatitis B; Hepatitis C; Hepatocellular
carcinoma; Surveillance; Therapy; Nonalcoholic fatty
liver disease; Survival
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this prospective study of 1078 patients,
we examined the relationship between etiology of
liver disease with clinical presentation and outcome,
following a diagnosis of hepatocellular carcinoma. Our
results are clinically useful and relevant for gastro
enterologists worldwide. In our diverse and multiethnic cohort, patients diagnosed with hepatocellular
carcinoma (HCC), who have a background of non-viral
liver disease are: (1) Less likely to be participating in an
HCC surveillance program; (2) Have more severe liver
disease at diagnosis; (3) Have a greater tumor burden
at diagnosis; and (4) Less likely to have curative
therapies for HCC like liver transplantation or liver
resection.
Mohsen W, Rodov M, Prakoso E, Charlton B, Bowen DG,
Koorey DJ, Shackel NA, McCaughan GW, Strasser SI. Patients
with non-viral liver disease have a greater tumor burden and less
curative treatment options when diagnosed with hepatocellular
carcinoma. World J Gastroenterol 2017; 23(15): 2763-2770
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2763.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2763

INTRODUCTION

MATERIALS AND METHODS

Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer deaths worldwide, with nearly
700000 deaths attributed to HCC each year. While
the burden of HCC is highest in Asia and Africa, its

Patients
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A prospective database of all patients with HCC was
established in 1998 at the Royal Prince Alfred Hospital
in Sydney, Australia. This is the only liver transplant
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centre in the state of NSW. This database was censored
for this retrospective study in March 2012. Analysis was
undertaken of all patients (n = 1078) in this database
and patients were categorized into three groups, based
on the etiology of their liver disease: HBV, HCV or NVLD.
The clinical database and this study were approved
by the SLHD Ethics Review Committee (RPAH Zone).
Informed consent was obtained.
A diagnosis of HBV infection required the presence
of hepatitis B surface antigen (HBsAg). Infection with
HCV was confirmed with anti-HCV antibodies and/or
HCV PCR. Alcoholic liver disease was diagnosed on the
basis of a compatible history of sustained heavy alcohol
intake greater than 40 g/d coupled with the absence
of viral markers and other causes of liver disease. This
diagnosis was assisted with a liver biopsy, if one was
available. The diagnosis of NAFLD was made following
the exclusion of viral hepatitis and other causes of liver
disease in a patient with known fatty liver disease or
metabolic risk factors such as obesity and diabetes.

discharge summaries were used to determine if the
patient was diagnosed as a result of screening.

Statistical analysis

Continuous variables were screened for normality using
the Kolgmogorov-Smirnov and Shapiro-Wilk tests of
normality. Non-parametric tests were used to analyse
these variables with the Kruskal-Wallis test used to test
for overall significance and Mann-Whitney U Tests used
for planned pair wise comparisons. The independent
variable was cause of liver disease (HBV, HCV, or
NVLD). Cross tabulations of the categorical and ordinal
variables (ethnicity, vascular invasion, metastases,
CTP score, and size of lesion) broken down by cause
of liver disease (HBV, HCV, or NVLD) were produced
2
and χ tests of independence were performed to
establish whether proportions were independent of
cause of liver disease. To test for specific differences
in proportions between the causes of liver disease for
the variables of interest, Z-tests were computed with
the Bonferroni correction adjustment used for all pair
wise comparisons within a row for the comparison
of percentages. Survival analysis was performed
using the Kaplan-Meier estimator. The variable used
was number of years from first presentation to death
(uncensored cases) or last contact (censored cases).
Analysis was performed with pair wise comparisons of
survival between the different causes of liver disease
(HBV, HCV, or NVLD).

Liver disease and tumor characterisation

Cirrhosis was established in patients either by liver
biopsy and/or the basis of results of clinical, laboratory
and imaging studies. A diagnosis of HCC was based
on positive histopathology on liver biopsy, fine needle
aspiration or surgical resection and/or dynamic hepatic
imaging demonstrating the presence of one or more
liver lesions with enhancement on arterial phase and
[20]
washout on the venous/delayed phase . The size and
number of lesions and presence of vascular invasion
were determined by multidisciplinary review of imaging
(CT or MRI) and radiology reports.

RESULTS
Etiology of liver disease in patients diagnosed with HCC

Of the 1078 patients included in the database, 28
patients (2.6%) with incomplete data and 16 patients
(1.5%) with HBV and HCV co-infection were excluded.
Of the remaining 1034 patients analysed in this study,
liver disease was due to HCV in 467 (45%), HBV in
299 (29%) and NVLD in 268 (26%) patients. Alcoholic
liver disease contributed to the majority of the NVLD
cohort with 144 patients (54%), followed by NAFLD
in 85 (32%) (Figure 1). Causes of liver disease in the
remainder, included Hereditary Hemochromatosis
(7%), Primary Biliary Cirrhosis (3%), Primary Sclerosing
Cholangitis (2%), Autoimmune Hepatitis (1%), Alpha-1
antitrypsin deficiency (1%) and Congenital Hepatic
Fibrosis (0.4%) (Table 1).

Inclusion and exclusion criteria

Inclusion criteria included age greater than 18 years
of age and a diagnosis of HCC confirmed on dynamic
imaging (as described above) and/or supported by
histopathology from a fine needle biopsy or surgical
resection. Exclusion criteria included: (1) HBV and HCV
co infection; and (2) Age less than 18 years of age.

Data source

Data were extracted from the computerized data
based, electronic medical records, and clinic and
hospital files. Variables included: patient demographics
(age, sex, ethnicity) etiology of underlying liver
disease, presence of cirrhosis, alpha- fetoprotein (AFP)
level, Child Turcotte Pugh (CTP) score and Model for
End Stage Liver Disease (MELD) score at presentation
with HCC. MELD and CTP score were calculated based
on the collection of blood results including albumin,
creatinine, International normalized ratio (INR)
and bilirubin. Clinic letters were used to determine
if subjects had encephalopathy or ascites. Tumorrelated variables included the number of lesions and
size of the dominant lesion, extent of disease and
the presence or absence of vascular invasion and/or
extra hepatic spread. Liver clinic letters and hospital

WJG|www.wjgnet.com

Patient characteristics at presentation with HCC

When diagnosed with HCC, patients with a background
of NVLD were older (median 64 years), compared with
those with HBV (57 years) or HCV (55 years) (p <
0.001). The majority of patients diagnosed with HCC
were male but gender did not differ between the three
study groups. Patients with NVLD and HCV patients
were more likely to be Caucasian, whereas the HBV
cohort were predominantly of Asian ethnicity (p <
0.001) (Table 2).
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HBV (Table 5). Nearly a third of patients with NVLD
were unsuitable for active management at presen
tation (p < 0.02). A greater proportion of patients with
HCC on a background of HCV (21.4%) underwent
liver transplantation, compared to patients with NVLD
(12.3%) and HBV (13.4%) (p < 0.002). Twenty-four
point four percent of patients with HBV-associated HCC
underwent surgical resection as primary management,
a significantly higher rate that in those with HCV
(8.8%) or NVLD (13.1%) (p < 0.001). All three groups
were equally as likely to have TACE as primary treat
ment (39.2%-45.4%). Ablative therapies including
percutaneous ethanol injection, radiofrequency ablation
and microwave ablation, were more common as primary
treatment in HCV-associated HCC (p = 0.011).

Table 1 Etiology of liver disease n (%)

No patients
Etiology of non-viral liver disease
Alcoholic liver disease
NAFLD
Haemochromatosis
Primary sclerosing cholangitis
Primary biliary cirrhosis
Alpha-1 antitrypsin deficiency
Congenital hepatic fibrosis
Autoimmune hepatitis

HBV

HCV

Non-viral

467 (29)

299 (45)

268 (26)
144 (53.7)
85 (31.7)
18 (6.7)
6 (2.3)
8 (3)
3 (1.1)
1 (0.4)
3 (1.1)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non alcoholic
fatty liver disease.

HCC was more likely to be diagnosed within a
screening/surveillance program in patients with HCV
(84.1%). Seventy-one percent of patients with HBV or
NVLD were participating in a screening program, prior
to diagnosis with HCC (p < 0.001) (Table 2).

Survival in patients diagnosed with HCC

Overall survival was lowest in patients with NVLD
with a median survival of 1.7 years (Figure 2). Overall
survival was 2.8 and 2.6 years in HBV and HCV patients
respectively (p < 0.05). Survival at 1, 2 and 5 years
was lower in those with NVLD, compared to HCV and
HBV patients (p < 0.05). Mortality in all groups was
mainly related to tumor progression and/or liver failure.

Severity of liver disease at presentation

In those newly diagnosed with HCC, patients with
NVLD and HCV presented with more severe underlying
liver disease, compared to those with HBV. This was
demonstrated by MELD scores and CTP classification
(Table 3). The median MELD scores of the NVLD and
HCV groups were 8.78 (95%CI: 8.1-10.2) and 8.2
(95%CI: 7.6-8.8) respectively. The median MELD for
the HBV groups was 6.42 (95%CI: 5.8-7.3). This was
statistically significant when comparing the NVLD and
HCV groups to the HBV cohort (p < 0.001). A higher
proportion of patients with HCV (43.4%) and NVL
(45.4%) had hepatic decompensation (CTP B or C) at
presentation, compared to those with HBV (18.6%)
(p < 0.001). Of patients with HCV, 2.6% did not have
cirrhosis, whereas 12.8% of those with NVLD and
22.2% of those with HBV did not have cirrhosis (p <
0.001).

Multivariate analysis for predictors of survival

In multivariate analysis, independent predictors of
survival included CTP score, size of dominant lesion,
absence of vascular invasion, and management with
surgical resection or liver transplantation (Table 6).

DISCUSSION
HCC is a disease of rising incidence and mortality among
many developed countries. Screening of high-risk
candidates for HCC is recommended by international
[20]
guidelines
to allow for early detection and effective
treatment, thus reducing the burden of this disease.
Previous studies show that screening in patients with
NVLD occurs less frequently when compared to patients
[16,19]
with HBV and HCV
.
Many series reporting on outcomes of HCC are
predominantly limited to populations of predominantly
hepatitis B (from Asian countries) or hepatitis C (from
Japan, North America or Europe). Liver disease due to
alcohol often accounts for a smaller proportion of patients
[1,5]
in these series , and often the proportion attributable
to NAFLD is not reported, or termed cryptogenic liver
[5,11,12]
disease
. The strength of our study population is
that includes almost equal proportions of patients with
hepatitis B, hepatitis C and NVLD, and includes large
numbers of both Asian and Caucasian patients reflecting
the multi-ethnic mix of a large Australian city. This
unique balance of etiologies allows for an examination
of the relationship between presenting features and
outcomes according to the cause of underlying liver
disease.
It was somewhat reassuring that patients with

Tumor extent at presentation

Patients with a background of NVLD and HBV had a
greater tumor burden at presentation, compared to
patients with a background of HCV (Table 4). Size of
dominant lesion, proportion with liver involvement over
50% and evidence of macro vascular invasion were all
more common in those with NVLD and HBV, whereas
patients with HCV were more likely to have lesions
under 5 cm. The median AFP was higher in the HBV
patients than in those with HCV or NVLD (p < 0.001).

Primary treatment modalities in patients diagnosed with
HCC

Patients with HCC in the setting of NVLD were more
likely to receive best supportive care and less likely
to receive curative treatments such as resection and
transplantation, compared to patients with HCV and
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HCC
1079 patients

HBV and HCV
co-infection: 16
Insufficient data: 28

Hepatitis B
467 (45%)

Hepatitis C
299 (29%)

Non-viral
268 (26%)

NASH
85 (32%)

ETOH
143 (53.7%)

Other
40 (15%)

Figure 1 Patient distribution by etiology of liver disease. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Non alcoholic
steatohepatitis.

Table 2 Patient characteristics according to etiology of liver disease

Male (%)
Ethnicity (%)
Caucasian
Asian
Middle Eastern
Polynesian
Aboriginal
African
Median age (95%CI)
Screening program (%)
Median AFP (95%CI)

HBV

HCV

84.3

79.2

16.4
75.8
3.7
2.3
0.3
1.3
57 (55-59)
71
60 (40-98)

Non-viral
80.6

73.4
18.2
7.1
0.6
0.2
0.4
55 (54-56)
84
21 (16-28)

P value
< 0.250

87.3
9.0
2.2
0.0
1.1
0.4
64 (63-65)
71
9 (6-19)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein.

Table 3 Severity of liver disease and cirrhosis at hepatocellular carcinoma diagnosis
HBV (%)

HCV (%)

Non-viral (%)

P value

58.6
13.7
4.9
22.8
6.4
77.8

53.9
29.0
14.4
2.6
8.2
97.4

41.9
28.3
17.1
12.8
8.8
87.2

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Child-Pugh score
A
B
C
Non-cirrhotic
Median MELD score
Cirrhosis

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MELD: Model for end stage liver disease.
[21,22]

countries
. It is likely that many of these patients
are under specialist care, and those with advanced
disease have been identified and entered into screening
programs. Despite severe underlying liver disease,
many of the patients with HCV-associated HCC were
diagnosed within transplant criteria, and over 20%

HCV cirrhosis were likely to be diagnosed with HCC
within a screening program, and perhaps this is why
these patients had a lower tumor burden at diagnosis.
In Australia, it is estimated that 85% of patients with
HCV have been diagnosed as part of a screening
program, a much higher percentage than in most other
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Table 4 Tumor characteristics and vascular invasion
HBV (%)

HCV (%)

Non-viral (%)

P value

1.3
34.4
22.4
32.0
10.0
12.4
10.4

2.8
46.5
23.8
18.0
9.2
4.2
6.7

2.6
32.1
20.5
34.0
10.4
12.5
12.3

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.020

Size of dominant lesion
< 1 cm
1-3 cm
3-5 cm
> 5 cm
Unknown
Tumor extent > 50%
Vascular invasion
HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Table 5 Treatment modalities used for patients with hepatocellular carcinoma
Treatment

Hepatitis B (%)

TACE
Ablation
Resection
Transplant
Sorafenib
Supportive care

Hepatitis C (%)

44.5
11.1
24.4
13.4
5
21

45.4
18.4
8.8
21.4
4.1
20

Non-viral (%)
39.2
10.8
13.1
12.3
4.1
29

P value
0.099
0.011
< 0.001
0.001
0.098
< 0.02

HCC: Hepatocellular carcinoma; TACE: Trans arterial chemo embolisation.

Table 6 Multivariate analysis for predictors of survival
Reference

HR

95%CI for HR

P value

Non-viral
Non-viral
Years
Child Pugh C
Child Pugh C
Child Pugh C
Male
MELD score
Yes
Dominant lesion > 5 cm
Dominant lesion > 5 cm
Dominant lesion > 5 cm
Yes
Yes
Yes
Tumor extent > 50%
Yes

0.900
1.086
1.009
0.267
0.403
0.705
0.978
1.016
2.212
0.375
0.527
0.740
1.118
1.371
8.486
0.690
0.555

0.674-1.200
0.841-1.401
1.000-1.018
0.165-0.433
0.287-0.566
0.501-0.992
0.748-1.280
0.999-1.033
1.434-3.413
0.156-0.898
0.394-0.704
0.550-0.995
0.688-1.817
0.938-2.004
5.185-13.889
0.476-1.000
0.393-0.784

0.472
0.527
0.062
< 0.001
< 0.001
0.045
0.874
0.072
< 0.001
0.028
< 0.001
0.046
0.652
0.103
< 0.001
0.050
0.001

Variable
Hepatitis B
Hepatitis C
Age at presentation
Non-cirrhotic
Child Pugh A
Child Pugh B
Gender
MELD
Resection
Dominant lesion < 1 cm
Dominant lesion 1-3 cm
Dominant lesion 3-5 cm
Sorafenib
TACE
Transplant
Tumor extent < 50%
Vascular invasion

MELD: Model for end stage liver disease; TACE: Trans arterial chemo embolisation.

underwent transplantation.
In contrast the diagnosis rates of hepatitis B among
migrants is likely to be somewhat lower, and many
patients, even if diagnosed, may be considered as
“healthy carriers” and not referred for specialist care or
entered into routine HCC surveillance programs. These
factors may account for the relatively higher rates of
advanced tumor presentations, despite less severe liver
disease in patients with HBV-associated HCC. Of note,
22% of patients with HBV-associated HCC were noncirrhotic and probably did not have clinically apparent
liver disease. Screening recommendations for patients
with HBV include patients without cirrhosis, patients

WJG|www.wjgnet.com

older than 50, those with a family history of HCC, and
[20]
those with active hepatitis . It seems likely that these
screening recommendations are not followed by nonspecialists. Furthermore, if patients are identified with
HBV cirrhosis or active hepatitis, the introduction of
antiviral therapy may significantly reduce the chance
[23,24]
of developing HCC in the future
.
Non-alcoholic liver disease and alcoholic liver
disease, the main causes of NVLD, are relatively
common in the community, and it is likely that many
of these patients are not under regular specialist
care. Particularly in patients with NAFLD, advanced
fibrosis and cirrhosis are under-recognized in primary
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100

Hepatitis C

80
% surviving

were more likely to have comorbidities, in particular
cardiovascular disease. It is likely that the majority of
deaths were liver-related, when one considers that
these patients had more advanced liver disease, more
advanced HCC, and were more likely to be managed
with supportive therapy from the time of diagnosis.
Another limitation in our study relates to how
our subjects came to be diagnosed with HCC. We
documented if patients were diagnosed as result of
screening by scrutinizing their medical records. If
patients were found to have a small asymptomatic
lesion, during an imaging procedure performed to
evaluate their liver disease, even if not enrolled in a
formal screening program, we categorized them in the
screened group. This was to distinguish them from
patients who presented with larger symptomatic HCC
lesions. In our country, as in many others, screening
is often not well documented, and may be done on
an ad hoc basis rather than in a routine surveillance
program.
In conclusion, in a large cohort of patients with HCC,
those with NVLD had a greater tumor burden, worse
liver function and older age at diagnosis, all resulting
in a lower likelihood of receiving curative therapies
such as surgical resection or liver transplantation.
Importantly, patients with NVLD were more likely to
present with symptomatic disease, rather than be
diagnosed as a consequence of routine surveillance
while asymptomatic. Our results highlight the need for
early identification of liver disease in patients at risk of
HCC, so that risk stratification and appropriate specialist
referral and enrolment within an HCC surveillance
program can be undertaken.

Hepatitis B
Non-viral

60
40
20
0

0

2

4

6

8

10

12

14

Time from first presentation (yr)

Figure 2 Kaplan meier survival curve (P < 0.05).

care. Over reliance on ultrasound and a tendency to
dismiss mildly abnormal liver tests as benign fatty liver
disease, without the use of non-invasive investigations,
such as the Fibroscan result in a missed opportunity
to identify cirrhosis and appropriately refer or screen
patients at risk. Furthermore 13% of patients with
NVLD (predominantly NAFLD patients) did not appear
to have cirrhosis at presentation with HCC, although a
role for HCC surveillance in this group of patients has
not been established.
Another important determinant of outcome may
have been the age at diagnosis of HCC. Patients with
either HBV, most of whom would have been infected
in the perinatal period, or HCV which was mostly
acquired in early adulthood from injecting drug use,
presented at a younger age than those with NVLD. It is
unclear whether age had a modifying effect on disease
presentation, however it may have been important
in determining appropriate treatment. Interestingly,
age was just outside the threshold for statistical
significance when analyzed as a predictor of survival,
using the multivariate analysis.
In our cohort, univariate analysis showed that
survival was poorer in patients with NVLD compared
to those with chronic viral hepatitis. Poorer survival in
patients with NVLD is likely to be multifactorial, related
to more advanced liver disease, a greater tumor
burden, and presentation at an older age, compared
to patients with viral hepatitis, all of which were
demonstrated in this study.
Indeed, in multivariate analysis, etiology was not
an independent predictor of survival, but was related
to tumor and liver disease severity. Related to poor
characteristics at presentation, patients with NVLD
and HCC were less likely to be amenable to curative,
or even effective palliative management approaches
and were more likely to receive best supportive care.
Almost a third of patients with NVLD were not suitable
for any active management, including Sorafenib. This
is compared to 21% of HCV patients who were suitable
for liver transplantation.
Our study has several limitations. We did not
differentiate between death due to HCC from death
due to other causes. Patients with NVLD were older and
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may consider excluding patients without alcoholic cirrhosis and non alcoholic
steatohepatitis from the non viral liver disease cohort.
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Abstract
AIM
To identify a panel of biomarkers that can distinguish
between non-alcoholic fatty liver disease (NAFLD)
and non-alcoholic steatohepatitis (NASH), and explore
molecular mechanism involved in the process of
developing NASH from NAFLD.

Clinical trial registration statement: This study has been
registered on ClinicalTrials.gov. Identifier No. NCT02077283.
Conflict-of-interest statement: The authors declare that there
are no conflicts of interest regarding the publication of this paper.

METHODS
Biomarkers may differ during stages of NAFLD. Urine
and blood were obtained from non-diabetic subjects
with NAFLD and steatosis, with normal liver function
(n = 33), from patients with NASH, with abnormal
liver function (n = 45), and from healthy age and sex-

Data sharing statement: Readers can obtain the information of
the study and the original data by contacting the author Shu Dong
at lisadongshu@163.com.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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matched controls (n = 30). Samples were subjected to
metabolomic analysis to identify potential non-invasive
biomarkers. Differences in urinary metabolic profiles
were analyzed using liquid chromatography tandem
mass spectrometry with principal component analysis
and partial least squares-discriminate analysis.

a spectrum of pathological conditions, including
simple steatosis, nonalcoholic steatohepatitis (NASH),
and cirrhosis. NAFLD has been estimated to affect
approximately 15%-30% of the general population
[1,2]
and its prevalence is increasing worldwide . The
prevalence of NAFLD is strongly linked to obesity,
insulin resistance, and a cluster of metabolic disorders,
[3]
including hypertriglyceridemia and hyperuricemia ,
[4]
which impair health seriously .
No standard treatment exists currently to manage
[5]
NAFLD, or even NASH, in western medicine . Weight
loss regimens, including restricted calorie diets, bariatric
surgery, and drug-induced fat malabsorption, only
[6-8]
improve the condition to some degree . Identification
of metabolic differences among the stages of NAFLD
might result in the development of more effective and
specific treatments for NAFLD and NASH.
[9]
Urine metabonomics is a good method to assess
metabolic differences among different stages of
NAFLD. Although urinary metabolomics data have
been obtained in patients with NAFLD, NASH, and liver
[10]
cirrhosis , to date, few studies have used this method
to compare patterns in patients at different stages of
NAFLD. This study aimed to investigate correlations
between disease stages and urine metabonomics in
patients with NAFLD, specifically to determine whether
urine metabonomics could be used to distinguish
NAFLD from NASH. In addition, this study sought to
determine the molecular mechanisms involved in the
development of NASH from NAFLD.

RESULTS
Compared with NAFLD patients, patients with NASH
had abnormal liver function and high serum lipid
concentrations. Urinary metabonomics found differences
in 31 metabolites between these two groups, including
differences in nucleic acids and amino acids. Pathway
analysis based on overlapping metabolites showed that
pathways of energy and amino acid metabolism, as
well as the pentose phosphate pathway, were closely
associated with pathological processes in NAFLD and
NASH.
CONCLUSION
These findings suggested that a panel of biomarkers
could distinguish between NAFLD and NASH, and could
help to determine the molecular mechanism involved in
the process of developing NASH from NAFLD. Urinary
biomarkers may be diagnostic in these patients and
could be used to assess responses to therapeutic
interventions.
Key words: Urinary metabonomics; Nonalcoholic fatty
liver disease; Steatohepatitis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: To identify biomarkers that can distinguish
between nonalcoholic fatty liver disease (NAFLD) and
nonalcoholic steatohepatitis (NASH), urine and blood
were obtained from patients with NAFLD and NASH,
and healthy controls. Urinary metabonomics found
differences in 31 metabolites between NAFLD and
NASH, including nucleic acids and amino acids. Pathway
analysis showed that pathways of energy metabolism,
amino acid metabolism, and the pentose phosphate
pathway, were closely associated with the pathological
processes in NAFLD and NASH. These biomarkers
could distinguish between NAFLD and NASH, and
could help to determine the mechanism involved in the
development of NASH from NAFLD.

Population, information, and sample collection

The randomized clinical trial evaluated patients seen
at the NAFLD outpatient clinic of Shuguang Hospital
Affiliated to Shanghai University of Traditional
Chinese Medicine from January 2013 to May 2014.
Healthy volunteer controls were enrolled from among
employees of the medical center. Figure 1 provides
an overview of the study. A total of 108 subjects were
recruited, 33 in the NAFLD group, which included
patients with steatosis and normal liver function;
45 in the NASH group, which included patients with
steatohepatitis and abnormal liver function; and 30
healthy controls. All subjects provided written informed
consent.
General information recorded at each participant’s
first visit to a doctor included age, gender, and medical
history. The results of laboratory tests and ultrasound
were also recorded. Urine samples for metabolic
profiling were collected from participants at their
second visit.

Dong S, Zhan ZY, Cao HY, Wu C, Bian YQ, Li JY, Cheng GH,
Liu P, Sun MY. Urinary metabolomics analysis identifies key
biomarkers of different stages of nonalcoholic fatty liver disease.
World J Gastroenterol 2017; 23(15): 2771-2784 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i15/2771.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i15.2771

Diagnostic criteria for NAFLD and NASH

The diagnostic criteria for NAFLD included: (1) a
history of no or limited daily alcohol intake (< 20 g
for women and < 30 g for men); (2) the presence of
hepatic steatosis by imaging or histology; and (3) the

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) comprises
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samples were transported using Drikold.

NAFLD patients

Liquid chromatography-mass spectrometry analysis

Collection of clinical
information

NASH
(patients
with abnormal
transaminase)
(n = 45)

NAFLD
(patients
with normal
transaminase)
(n = 33)

Urine
samples

Laboratory
results

Healthy
controls
(n = 30)

Pretreatment: 100 µl of urine and 300 µl of acetonitrile
were vortexed for 3 min and then centrifuged at
12000 r/min, 4 ℃ for 10 min. Supernatants were kept
as prepared samples for further analysis.
Liquid chromatography (LC) separation was per
formed on an Agilent 1200 series LC system (Agilent,
CA, United States). Aliquots of 2 µl of the prepared
samples were injected into a Waters Shield C18 column
(3.5 µm, 2.1 mm × 150 mm) maintained at 20 ℃,
and eluted with a mobile phase of 0.01% formic acid
in water-acetonitrile (90:10) at a flow rate of 0.3
ml/min. MS detection was performed on an API 4000
triple quadrupole mass spectrometer (Sciex Applied
Biosystems), using positive electronic spray ionization
in multiple reaction monitoring mode, and at a source
temperature of 700 ℃ and a voltage of 5500 V. The
dwell time for the multiple reaction monitoring mode
was 0.08 s. Nitrogen was used as the curtain, nebulizer,
and collision gas, at pressures of 50, 60, and 70 psi,
respectively. Certain ion transitions for amino acids
and their internal standards were monitored, and peak
area ratios of amino acids to internal standards were
calculated after correcting for transition overlaps of
[12]
natural leucine and isoleucine .

Collection
of basic
information

Ultrasound

Metabonomics
analysis

Illustrate the differences in metabonomics
between NAFLD and NASH patients

Figure 1 Flow diagram of the study protocol. NASH: Non-alcoholic
steatohepatitis; NAFLD: Non-alcoholic fatty liver disease.
[11]

exclusion of all other liver diseases . The diagnostic
criteria for NASH included: (1) a diagnosis of NAFLD,
as above; and (2) a significant increase in alanine
aminotransferase (ALT) activity or other liver function
parameters.

Metabolite identification

Compounds were identified by comparison with library
entries of purified standards and recurrent unknown
entities. Known chemical entities were identified based
on comparisons with metabolomic library entries
of more than 2362 commercially available purified
standards and an online database (http://metlin.
scripps.edu/). In addition, currently unknown entities
[13]
were identified by their recurrent nature .

Inclusion criteria

Males and females aged 18-60 years, without
medication, were eligible following a screening test
to confirm the presence of NAFLD. Based on their
symptoms and the results of liver function tests,
NAFLD patients were divided into NAFLD and NASH
groups, consisting of patients with normal and
abnormal liver function, respectively.

Statistical analysis

Data were analyzed by parametric and nonparametric
statistical tests using SPSS (version 16) and Simca-P
(version 11.0). Continuous data were compared by
one-way ANOVA. Differences in metabolic profiles
on LC/MS were determined by principal component
analysis (PCA) and partial least squares discriminant
analysis (PLS-DA).
To validate the importance of the metabolites, and
to further gauge their ability to distinguish among
patients with NASH and NAFLD and healthy controls,
their potential predictive utility for the process of NAFLD
was assessed by receiver operating characteristic
(ROC) curve analysis. ROC analysis was performed
using MS peak areas corresponding to the metabolite
concentrations in each of the three subject groups.
Areas under the ROC curve were calculated using the
ROCR package (classifier visualization in R).

Exclusion criteria

Patients were excluded if they: (1) had a history
of diabetes mellitus or any metabolic disease; (2)
consumed > 20 g alcohol per day; (3) had acute
diseases or other untreated illness requiring treatment;
(4) had impaired hepatic or renal functions; (5)
were female of childbearing age who were pregnant,
lactating, or unwilling to use an effective form of birth
control; (6) had medication or other treatment before;
or (7) had a history or presence of any condition that,
in the investigator’s opinion, would endanger the
individual’s safety or affect the study results.

Urine sample collection and handling

Urine samples were collected from each participant
during mid-morning and were centrifuged at 4 ℃ for
15 min at 1509.3 × g. The supernatants were frozen
and stored at -80 ℃ until analysis. If required, urine

WJG|www.wjgnet.com

Quality control

The measurements from each patient’s laboratory
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Figure 2 Characteristics of the study participants. Mean concentrations of (A) glycosylated hemoglobin (HbA1c); (B) fasting blood glucose (FBG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), total cholesterol (TC); (C) alanine aminotransferase (ALT), and
aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and alpha-fetoprotein (AFP); and (D) total bilirubin (TBil) and direct bilirubin (DBil) in the nonalcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), and healthy control groups. E: Results of ultrasound examination in the three groups.
Significant differences among the three groups were assessed by one-way ANOVA in A-D and by t-tests in E. aP < 0.05, bP < 0.01 vs the control group; cP < 0.05, dP <
0.01 vs the NAFLD group.

test results were entered into an Excel spreadsheet,
followed by re-checking of all data to ensure accuracy.

GGT concentrations, and significantly different results
on ultrasound examinations (Table 2 and Figure 2).

RESULTS

Urine metabonomics

PCA was performed using samples from the three
groups. S-plots showed obvious metabolic differences
among these three groups (Figure 3). This was
followed by pair-wise comparisons.

Characteristics of study participants

There were no significant differences among the three
groups in terms of patient number, age, and height.
Weight and body mass index (BMI) were significantly
higher in the NAFLD and NASH groups compared with
those in the control group (Table 1).
Compared with the healthy group, patients with
NAFLD and NASH had much higher concentrations
of glycosylated hemoglobin (HbA1c), low-density
lipoprotein-cholesterol (LDL), triglycerides (TG), total
cholesterol (TC), ALT, aspartate aminotransferase
(AST), gamma-glutamyl transferase (GGT), and total
bilirubin (TBiL). Compared with the NAFLD group,
patients with NASH had much higher ALT, AST, and

WJG|www.wjgnet.com

NAFLD group vs control group: Urinary meta
bonomics were used to assess differences between
the NAFLD and control groups. PCA showed a spectral
separation between these two groups, indicating
significant metabolic differences. This was further
supported by PLS-DA and orthogonal projections to
latent structures-discriminant analysis (OPLS-DA)
(Figure 4). After filtering out interference signals, 53
different metabolites were detected; mainly nucleic
acids and amino acids (Table 3). The concentrations of
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Figure 3 S-plots of PCA analysis (A) with electrospray ionization (ESI+) and (B) without electrospray ionization (ESI-) in the non-alcoholic steatohepatitis,
non-alcoholic fatty liver disease, no comma symbol and control groups. PCA: Principal component analysis; NASH: Non-alcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver disease.

Table 1 Demographic and clinical characteristics of the study
participants (mean ± SD)

Table 2 Laboratory test results in the three groups of study
of participants (mean ± SD)

Group

Group

NASH

Number
Age (yr)
Gender
Height (cm)
Weight (kg)
BMI (kg/m2)

45
39 ± 10
Male (38)
Female (7)
169 ± 8
76 ± 13b
26.40 ± 3.49b

NAFLD
33
44 ± 14
Male (19)
Female (14)
170 ± 6
78 ± 11b
26.81 ± 3.43b

Healthy group
30
39 ± 4
Male (21)
Female (9)
168 ± 6
68 ± 9
23.73 ± 1.95

HbA1C (%)
FBG (mmpl/L)
HDL (mmpl/L)
LDL (mmpl/L)
TG (mmpl/L)
TC (mmpl/L)
FFA (mmpl/L)
ALT (U/L)
AST (U/L)
GGT (U/L)
ALP (U/L)
TBil (μmol/L)
DBil (μmol/L)
B ultrasound
examination

b

P < 0.01 vs the healthy group. NASH: Non-alcoholic steatohepatitis;
NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index.

the nucleic acid metabolites hypoxanthine, xanthine,
and carnitine were lower in the urine of patients with
NAFLD than in the control subjects. In addition, the
concentrations of the amino acid metabolites, citrulline,
arginine, valine, and indole acetic acid, as well as
glucose and gluconic acid, were higher in patients with
NAFLD than in the controls. ROC analysis, performed
to identify the key metabolites that could distinguish
NAFLD patients from healthy individuals, found that
7-methylxanthine, 2-methylguanosine, gluconic acid,
and indoxylsulfuric acid were markers for NAFLD
(Figure 5).

NAFLD
b

5.51 ± 0.58
5.31 ± 0.69
1.2 ± 0.36
3.57 ± 0.88b
2.62 ± 1.4b
5.37 ± 0.98b
0.58 ± 0.25
100.66 ± 48.4bd
49.68 ± 23.1bd
75.26 ± 53.1bd
78.5 ± 33.31
16.42 ± 6.24b
4.07 ± 2.18
2.51 ± 0.55ac

Healthy group
b

5.8 ± 0.62
5.4 ± 1.05
1.28 ± 0.3
3.53 ± 0.77b
2.39 ± 1.64b
5.3 ± 0.77b
0.5 ± 0.24
28.9 ± 10.76
27.17 ± 12.74
40.25 ± 23.66
73.43 ± 17.05
16.63 ± 7.04b
3.7 ± 1.72
1.67 ± 0.48a

4.83 ± 0.47
5.25 ± 0.33
1.33 ± 0.37
1.64 ± 0.95
1.32 ± 0.41
4.32 ± 0.83
0.44 ± 0.05
27.36 ± 9.76
26.41 ± 13.05
27.39 ± 12.04
79.1 ± 16.02
8.99 ± 1.92
3.05 ± 1.34
0±0

a

P < 0.05, bP < 0.01 vs the healthy group; c < 0.05, dP < 0.01 vs the NAFLD
group. NASH: Non-alcoholic steatohepatitis; NAFLD: Non-alcoholic
fatty liver disease; HbA1c: Glycosylated hemoglobin; FBG: Fasting blood
glucose; HDL: High-density lipoprotein; LDL: Low-density lipoprotein;
TG: Triglycerides; TC: Total cholesterol; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase;
Tbil: Total bilirubin; Dbil: Direct bilirubin.

of derivatives of indole acetic acid, such as 5-hydroxy
indole acetic acid and indole-3-formic acid. In addition,
cortisol levels decreased significantly. ROC analysis
showed that 2-methylguanosine, gluconic acid,
indoxylsulfuric acid, cAMP, indolelactic acid, and acetylDL-leucine could distinguish patients with NASH from
healthy individuals (Figure 7).

NASH group vs control group: Urinary metabo
nomics were also used to assess differences between
the NASH and control groups. PCA analysis showed
obvious spectral separation between the two groups,
indicative of significant metabolic differences between
NASH patients and healthy controls. This was further
supported by PLS-DA and OPLS-DA (Figure 6). After
filtering out the interference signals, 88 different
metabolites (Table 4) were detected, consisting mainly
of amino acids and their metabolic intermediates.
Compared with the healthy controls, patients with
NASH had much higher urinary levels of lysine,
valine, citrulline, arginine, threonine, tyrosine, leucine,
hippuric acid, and 3-indoleacetic acid, and lower levels
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NASH

NAFLD group vs NASH group: Metabolic PCA
analysis of urine samples from patients with NAFLD
and NASH showed spectral separation between the
two groups of samples, indicating significant metabolic
differences. OPLS-DA was performed to better
assess these differences (Figure 8). After filtering out
interference signals, 31 different metabolites (Table 5)
were detected, mainly nucleic acids and amino acids.
Compared with the NAFLD group, patients with NASH
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Table 3 Urinary metabolites differentially expressed in non-alcoholic fatty liver disease patients and healthy controls
No.
ESI+
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
ESI31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Metabolites

VIP-value (OPLS-DA)

P value (t -test)

Fold change

L-Carnitine
Creatinine
L-Valine/betaine
Acetylcarnitine
Nα-Acetyl-L-arginine
Hypoxanthine
1-Methylguanine
Adipic acid
Xanthosine
Guanosine
7-Methylxanthine
2-Methylguanosine
Butyryl-L-carnitine
Gluconic acid
Xanthurenic acid
Kynurenic acid
Indole-3-carboxylic acid
6β-hydroxytestosterone
Androstenedione
PGA2 methyl ester
Cortisol
Deoxycorticosterone
Corticosterone
Cortisone
Testosterone glucuronide
EPA
Decanoyl-L-carnitine
Androsterone
Eicosapentaenoic
Acid ethyl ester
Ursodeoxycholic acid

1.488
1.195
1.195
1.658
1.297
1.883
1.376
1.534
1.467
1.448
1.489
1.654
1.499
1.391
1.351
1.590
1.189
2.203
1.500
1.709
1.340
1.770
1.568
1.383
1.838
1.208
1.592
2.276
1.282

0.002
0.015
0.015
0.001
0.008
0.000
0.005
0.001
0.002
0.003
0.002
0.001
0.002
0.004
0.006
0.001
0.015
0.000
0.002
0.000
0.006
0.000
0.001
0.004
0.000
0.014
0.001
0.000
0.009

1.531
0.257
-0.544
1.669
-0.350
0.968
0.483
-0.627
0.389
0.273
1.922
0.475
0.560
-0.733
0.485
0.560
0.496
1.251
0.779
0.676
0.641
0.841
0.766
0.661
0.844
0.714
1.101
0.918
-0.417

1.599

0.001

0.474

Shikimate-3-phosphate
2-keto-D-gluconic acid
α-D-glucose
Pyroglutamic acid
(S)-2-hydroxyglutarate
2-Deoxy-D-ribose
1-Methyluric acid
Salicyluric acid
Salicylic acid
Indoxylsulfuric acid
Ferulic acid 4-O-glucuronide
Caffeic acid 3-sulfate
2,3-Dihydroxybenzoic acid
3,3-Dimethylglutaric acid
Ferulic acid 4-sulfate
Deoxyinosine
Indolelactic acid
3-Methylsuberic acid
L-Homocitrulline
Glycocholic acid
Glycoursodeoxycholic acid
L-homotyrosine
Ethisterone

1.195
1.902
1.647
1.545
1.299
1.264
1.181
1.455
1.170
1.829
2.046
1.320
1.857
1.635
1.695
1.315
1.251
1.577
1.619
1.187
1.392
1.475
1.702

0.020
0.000
0.001
0.002
0.011
0.014
0.022
0.004
0.023
0.000
0.000
0.010
0.000
0.001
0.001
0.010
0.015
0.002
0.001
0.021
0.006
0.004
0.001

-0.344
-0.426
-0.484
0.334
-0.579
-0.455
0.870
-0.723
-0.494
0.646
-2.303
-2.214
-1.004
-1.225
-1.779
-1.049
-0.868
-1.825
-1.883
0.408
0.932
-0.625
-0.659

Key differential metabolites among the NAFLD,
NASH, and control groups: The differentially
expressed metabolites in the three pairwise comparisons
were combined to determine the metabolites that
overlapped in the three groups. Seven metabolites were
screened through Venn analysis: L-carnitine, acetyl

had much higher concentrations of methyl xanthine,
tryptophan, 3-indole acetic acid, and gluconic acid,
and a lower level of proline. ROC analysis showed that
3-indoleacetic acid, L-carnitine, pyroglutamic acid, and
indolelactic acid could distinguish NASH from NAFLD
samples (Figure 9).
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Figure 4 S-plots following (A) PCA, (B) PLS, and (C) OPLS analyses with (A1, B1 and C1) electrospray ionization (ESI+) and without (A2, B2 and
C2) electrospray ionization (ESI-) in the non-alcoholic fatty liver disease and control groups. PCA: Principal component analysis; NASH: Non-alcoholic
steatohepatitis; NAFLD: Non-alcoholic fatty liver disease.

carnitine, gluconic acid, deoxycorticosterone, 2-keto-Dgluconic acid, pyroglutamic acid, and indolelactic acid
(Figure 10). Kyoto Encyclopedia of Genes and genomes
pathway analysis showed that these seven metabolites
were enriched in seven pathways: metabolic pathways,
the pentose phosphate pathway, antibiotic biosynthesis
pathways antibiotics, steroid hormone biosynthesis,
bile secretion, carbon metabolism, and glutathione
metabolism. Three of these pathways, the pentose
phosphate, carbon metabolism, and glutathione

WJG|www.wjgnet.com

metabolism pathways, might be associated closely with
the pathological processes of NAFLD and NASH.

DISCUSSION
Obesity, insulin resistance, and associated metabolic
perturbations are observed frequently in patients
[14,15]
with NAFLD
. NASH is a type of NAFLD with serious
[16]
abnormalities in liver function . NAFLD has a significant
[17]
impact on health, affecting many body systems .
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Table 4 Urinary metabolites differentially expressed in non-alcoholic steatohepatitis patients and healthy controls
No.
E
ESI+
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
ESI53
54
55
56
57
58
59
60
61
62
63
64

Metabolites

VIP-value (OPLS-DA)

P value (t -test)

Fold change

L-Lysine
Suberic acid
L-Carnitine
Creatinine
L-Valine/betaine
Citrulline
L-Dopa
Acetylcarnitine
Nα-Acetyl-L-arginine
L-Threonine
L-Tyrosine
Uridine
Hypoxanthine
2'-O-Methyladenosine
1-Methylguanine
6-Hydroxynicotinic acid
Adipic acid
Glycerophosphocholine
cAMP
L-Proline
Dimethyl fumarate
5-Hydroxy-L-tryptophan
Xanthosine
D-Ribose
2-Methylguanosine
Butyryl-L-carnitine
α-Hydroxyhippuric acid
Gluconic acid
N-Acetylproline
Kynurenic acid
Indoxylsulfuric acid
Ferulic acid
5-Hydroxyindoleacetic acid
Acetyl-DL-leucine
Indole-3-carboxylic acid
3-Indoleacetic acid
6β-Hydroxytestosterone
Estrone glucuronide
PGA2 methyl ester
Cortisol
Tetrahydrocortisone
Corticosterone
Deoxycorticosterone
Cortisone
Ethisterone
EPA
Decanoyl-L-carnitine
Androsterone
Lauroylcarnitine
Palmitic amide
Stearamide
Ursodeoxycholic acid

1.291
1.037
1.015
1.052
1.668
1.539
1.249
1.213
1.128
1.009
1.217
1.106
2.406
1.345
1.921
1.617
1.635
1.623
2.233
1.046
1.716
1.118
1.467
0.994
2.145
1.941
1.134
1.098
1.486
1.543
1.444
0.982
1.420
1.419
0.969
1.055
2.074
1.111
1.305
1.864
1.173
1.165
1.502
1.444
1.541
0.953
1.295
2.370
1.455
1.277
1.655
1.231

0.007
0.032
0.036
0.030
0.000
0.001
0.009
0.012
0.019
0.037
0.011
0.022
0.000
0.005
0.000
0.001
0.001
0.001
0.000
0.031
0.000
0.021
0.002
0.040
0.000
0.000
0.019
0.023
0.002
0.001
0.002
0.043
0.003
0.003
0.046
0.029
0.000
0.021
0.006
0.000
0.015
0.016
0.002
0.002
0.001
0.050
0.007
0.000
0.002
0.008
0.000
0.010

-0.747
-0.370
0.804
0.206
-0.852
-0.451
-0.322
0.971
-0.658
-0.300
-0.304
0.114
1.093
0.222
0.744
-0.957
-0.808
0.299
0.417
0.397
-0.627
0.190
0.318
0.141
0.528
0.569
-0.540
-0.537
0.491
0.465
0.494
-0.948
0.312
-0.522
0.359
-0.458
0.929
-1.448
0.389
0.658
0.412
0.406
0.551
0.633
0.689
0.456
0.828
0.741
0.700
0.674
1.008
0.398

N-Acetylneuraminic acid
5-aminosalicylic acid
Guanine
p-Coumaric acid
2-Keto-glutaramic acid
L-2-Aminoadipic acid
N-Acetyl-L-glutamic acid
Pyroglutamic acid
2-Deoxy-D-ribose
N-Acetylaspartylglutamic acid
(S)-2-Hydroxyglutarate
Vanillylmandelic acid

0.993
2.042
1.082
1.315
1.058
0.968
1.046
2.089
1.040
1.091
1.512
1.065

0.034
0.000
0.021
0.004
0.024
0.039
0.026
0.000
0.026
0.020
0.001
0.023

-0.257
-0.877
-0.369
-0.852
0.201
0.265
0.248
0.483
-0.672
0.250
-0.754
0.269
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65
66
67
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Figure 5 Receiver operating characteristic curves for 2-methylguanosine,
7-methylxanthine, gluconic acid, and indoxylsulfuric acid in the nonalcoholic fatty liver disease and control groups. NAFLD: Non-alcoholic fatty
liver disease.

To determine the exact progress of NAFLD, we in
vestigated the metabolic changes involved in NAFLD
and NASH. Urinary metabolomics might provide a
better understanding of the pathogenesis of NAFLD
and reveal key markers that can differentiate between
NAFLD from NASH.
In the NAFLD and control groups, the gender
ratio showed no difference. While in the NASH group,
there were more males than females, which might be
because that more females visit their doctor earlier
than males, and might not develop NASH, according to
the doctor’s experience. Age and height were similar
in the NAFLD, NASH, and control groups, whereas
body weight and BMI were significantly higher in the
NASH than in the NAFLD and control groups. These
findings suggested a link between obesity and NASH.
Parameters of liver function and blood lipids differed
in patients with NASH and NAFLD, indicating that
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-0.487
-0.792
-0.829
0.405
-0.573
0.264
-0.574
0.542
-0.817
-2.412
-1.229
-1.215
-1.477
0.288
-1.158
-1.748
-2.353
-0.890
0.816
1.305
-1.358
-1.419
0.680
-0.464

metabolic changes occurred during the progression of
NAFLD to NASH. One of the overlapping differentially
expressed metabolites, pyroglutamic acid, is involved
in glutathione metabolism, a finding consistent with
abnormal liver function. Another metabolite, L-carnitine,
is involved in bile secretion, perhaps explaining the
difference in blood lipid levels between the NAFLD and
NASH groups.
Animal experiments have identified metabolic
[18]
changes in mice with NAFLD or NASH . For example,
the concentrations of triglycerides, cholesterol, and
intermediates of the methionine cycle were reported
[19]
to be altered . In addition, phospholipid and bile acid
[20]
metabolism were disrupted
in mouse models of
NASH.
Metabolic changes have also been detected in
clinical trials. Serum glucose, lactate, glutamate/
glutamine, and taurine concentrations were reported
to differ between patients with NAFLD and healthy
[21]
controls . Bile acids and markers of glutathione,
lipid, and amino acid metabolism were also observed
[22]
to differ between NAFLD patients and controls .
The present study found differences in metabolites
of amino acids and nucleic acids in NAFLD patients
and controls, with the concentration of hypoxanthine
being especially lower in patients with NAFLD. NAFLD
is characterized by disorders in hypoxanthine and
xanthine metabolism, which lead to lipid peroxidation
and oxidative stress, producing increased amounts
[23]
of free radicals . Hypoxanthine and xanthine con
centrations can be used to estimate the degree of
[24]
injury to hepatocytes .
This study also showed that the concentration of
carnitine in urine was much lower in NAFLD patients
than in the healthy controls. Carnitine not only su
[25]
pplies energy for the oxidation of fatty acids , but
also eliminates free radicals that can destabilize cell

NAFLD group vs control group
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Figure 6 S-plots following (A) PCA, (B) PLS, and (C) OPLS analyses with (A1, B1, C1) electrospray ionization (ESI+) and without (A2, B2, C2) electrospray
ionization (ESI-) in the non-alcoholic steatohepatitis and control groups. PCA: Principal component analysis; NASH: Non-alcoholic steatohepatitis.
[26]

membranes . Low carnitine concentrations can result
in cell oxidative damage, and fatty acid synthesis and
[27-29]
energy metabolism disorders
, ultimately resulting
in NAFLD.
The concentrations of amino acids and their
metabolic intermediates were generally higher in
patients with NASH patients than in healthy individuals.
Most amino acids are synthesized and degraded in
the liver; thus, injury to the liver can result in ab
normalities in the metabolism of amino acids and the
[30]
release of amino acids from hepatocytes . Thus,
amino acid levels will be higher in the urine of NASH

WJG|www.wjgnet.com

patients than in healthy controls. We also found that
cortisol concentrations were significantly lower in the
urine of NASH patients compared with that in the
controls, indicating possible neuroendocrine changes
in NASH patients. Cortisol concentrations have been
[31]
reported to correlate with the severity of NAFLD .
Comparisons between the groups of patients with
NAFLD and NASH showed that most of the differentially
expressed metabolites were nucleic acids and amino
acids. The level of cholinesterase was significantly
lower in patients with NASH than with NAFLD. Low
levels of cholinesterase will have negative effects on the
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Table 5 Urinary metabolites differentially expressed in patients with non-alcoholic fatty liver disease and non-alcoholic
steatohepatitis
No.
ESI+
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
ESI17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1.0

Metabolites

VIP-value (OPLS-DA)

P value (t -test)

Fold change

L-Carnitine
L-Dopa
Acetylcarnitine
L-Histidine
Pyroglutamic acid
3-Methylxanthine
α-D-Glucose
5-Hydroxyferulate
2-Oxosuberate
p-Hydroxyphenylacetic acid
3-Indoleacetic Acid
β-Estradiol
Phosphorylcholine
17α-Hydroxypregnenolone
Deoxycorticosterone
Progesterone

1.253
0.952
1.181
1.229
1.541
2.403
1.739
0.895
0.850
1.354
0.915
1.883
1.731
0.854
0.865
0.866

0.067
0.092
0.094
0.081
0.021
0.002
0.013
0.058
0.073
0.095
0.052
0.002
0.032
0.087
0.093
0.084

-0.727
0.234
-0.698
-1.339
0.143
-1.981
-1.376
-0.266
-0.315
0.398
-0.378
-0.635
0.716
-0.281
-0.312
-0.301

2-Keto-glutaramic acid
cAMP
7-Methylxanthine
(S)-(-)-2-Hydroxyisocaproic acid
Gluconic acid
N-Acetylproline
Acetyl-DL-valine
Pyridoxal phosphate
N-Acetyl-DL-tryptophan
2-Keto-D-gluconic acid
D-(+)-3-Phenyllactic acid
Indoleactic acid
3-Hydroxy-sebacic acid
Sebacic acid
Deoxyguanosine

1.653
1.659
1.595
1.344
1.638
1.865
1.636
1.490
1.440
1.258
2.021
1.495
1.270
1.847
1.548

0.027
0.041
0.036
0.089
0.025
0.021
0.053
0.050
0.059
0.088
0.017
0.051
0.092
0.024

0.210
0.196
-0.925
-0.250
-1.111
0.399
0.284
-0.990
-0.951
-0.340
-1.621
0.832
-0.292
0.420

terestingly, we also found that the level of indoleacetic
acid was much higher in the NASH group compared
with that in the NAFLD group. This was consistent with
findings showing that the indoleacetic acid concentration
[35]
correlates with liver damage .
The alterations observed in the NAFLD and NASH
[19]
groups mainly affect energy . Differential levels of
hormones, cytokines, and neurotransmitters may
result in abnormal energy metabolism in patients
[36]
with NAFLD , which is consistent with our results.
Alterations in hepatic mitochondrial function in NAFLD
patients might influence lipid metabolism and promote
[37]
oxidative stress , eventually resulting in changes
in metabolites. Pathway analysis of the overlapping
metabolites indicated that amino acid metabolism and
pentose phosphate pathways might be involved in the
progression of NAFLD to NASH. Alterations in amino
acid metabolites represent adaptive physiological
[38]
responses to hepatic stress in patients with NASH .
Glycometabolism, including the pentose phosphate
pathway, might be altered, inasmuch as insulin resistance
[39]
is one of the primary causes of NAFLD . Many of
these compounds might be associated with biochemical
perturbations associated with liver dysfunction and
[40]
inflammation . The alterations in metabonomics we

NASH group vs control group
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Figure 7 Receiver operating characteristic curves for indoleacetic acid,
gluconic acid, 2-methylguanosine, cAMP, indoxylsulfuric acid, and acetylDL-leucine in the non-alcoholic steatohepatitis and control groups. NASH:
Non-alcoholic steatohepatitis.

synthesis and secretion of very low-density lipoprotein
(VLDL). This can result in an inability to transport TG out
[32,33]
of hepatocytes, which can result in liver steatosis
.
Deposits of excess fat can cause lipid peroxidation and
[25,26]
damage to the antioxidant barrier
, an important
[34]
step by which NASH develops from NAFLD . In
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Figure 8 S-plots following (A) PCA and (B) PLS analyses with (A1, B1) electrospray ionization (ESI+) and without (A2, B2) electrospray ionization (ESI-) in
the non-alcoholic steatohepatitis and non-alcoholic fatty liver disease groups. NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.
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Figure 9 Receiver operating characteristic curves for 3-indoleacetic acid,
indoleacetic acid, L-carnitine, and pyroglutamic acid in the non-alcoholic
steatohepatitis and non-alcoholic fatty liver disease groups. NAFLD: Nonalcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

Figure 10 Venn diagram of metabolites differentially expressed in urinary
samples of the non-alcoholic fatty liver disease vs control, non-alcoholic
steatohepatitis vs control, and non-alcoholic fatty liver disease vs nonalcoholic steatohepatitis groups. NAFLD: Non-alcoholic fatty liver disease;
NASH: Non-alcoholic steatohepatitis.

observed were consistent with previously reported
changes in biochemical parameters.
Statistical analysis identified a panel of biomarkers
involved in energy metabolism, amino acid metabolism,
and glycometabolism, which might provide clues to
the potential mechanism involved in the progress from
NAFLD to NASH. These biomarkers could be used to
distinguish between NAFLD from NASH effectively.
These biomarkers might be diagnostic for NASH and

could act as indicators of the efficacy of therapeutic
interventions.
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Background

Nonalcoholic fatty liver disease (NAFLD) comprises a spectrum of pathological
conditions, including simple steatosis, nonalcoholic steatohepatitis (NASH),
and cirrhosis. The prevalence of NAFLD is linked strongly to obesity, insulin
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resistance, and a cluster of metabolic disorders, including hypertriglyceridemia
and hyperuricemia, which impair health seriously. No standard treatment
exists currently to manage NAFLD, or even NASH. Identification of metabolic
differences among stages of NAFLD might result in the development of
more effective and specific treatments for NAFLD and NASH. This study
was designed to investigate correlations between disease stages and urine
metabonomics in patients with NAFLD, specifically to determine whether urine
metabonomics could be used to distinguish NAFLD from NASH, which would
aid the diagnosis and treatment of NAFLD.

5
6
7

Research frontiers

A panel of biomarkers that can distinguish between NAFLD and NASH and
can help to determine the molecular mechanism involved in the process of
development of NASH from NAFLD was developed. Urinary biomarkers may
be diagnostic in these patients and might be used to assess responses to
therapeutic interventions.

8

9

Innovations and breakthroughs

Metabolic changes have been detected in clinical trials. Serum glucose, lactate,
glutamate/glutamine, taurine concentrations, bile acids, markers of glutathione,
lipids, and amino acid metabolism have been reported to differ between
patients with NAFLD and healthy controls. Among those findings, low carnitine
concentrations could result in cell oxidative damage, fatty acid synthesis,
and energy metabolism disorders, ultimately resulting in NAFLD. Cortisol
concentrations have been reported to correlate with the severity of NAFLD and
indole acetic acid concentration correlates with liver damage. Differential levels
of hormones, cytokines, and neurotransmitters might result in abnormal energy
metabolism in patients with NAFLD.

10
11

Applications

12

The urinary biomarkers found in this study might be diagnostic in these patients
and could be used for diagnose and to evaluate the treatment of NAFLD.

Terminology

13

NAFLD means nonalcoholic fatty liver disease. In our study, patients with
NAFLD refers to those patients that were diagnosed using B ultrasound and
their liver functions were normal. NASH means nonalcoholic steatohepatitis.
In our study, patients with NASH refers to those patients that were diagnosed
using B ultrasound and their liver functions were abnormal. Principal component
analysis means principal component analysis. Partial least squares discriminant
analysis refers to partial least squares-discriminate analysis. Orthogonal
projections to latent structures-discriminant analysis is orthogonal projections
to latent structures discriminant analysis. All these analyses were used to
distinguish different groups of patients or controls.

14

15
16

Peer-review

This article investigated urinary biomarkers to distinguish NAFLD from NASH,
which could help to determine the molecular mechanism involved in the process
of developing NASH from NAFLD and improve the diagnosis and treatment of
NAFLD. Not only the results, but also the methods will be attractive for readers.
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Abstract
AIM
To investigate the functional effects of abnormal
esophagogastric (EGJ) measurements in asymptomatic
healthy volunteers over eighty years of age.

Informed consent statement: All subjects provided written
informed consent prior to participating in the study.
Conflict-of-interest statement: There are no conflicts of
interest. Professor Omari owns a patent on AIM pressure flow
analysis methods, which are not reported on for this study.

METHODS
Data from 30 young controls (11 M, mean age 37 ±
11 years) and 15 aged subjects (9 M, 85 ± 4 years)
were compared for novel metrics of EGJ-function: EGJcontractile integral (EGJ-CI), “total” EGJ-CI and bolus
flow time (BFT). Data were acquired using a 3.2 mm,
25 pressure (1 cm spacing) and 12 impedance segment
(2 cm) solid-state catheter (Unisensor and MMS Solar

Data sharing statement: Data used in the study are available
on request from Dr Cock. Details of esophageal manometry data
in these subjects have been published separately.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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GI system) across the EGJ. Five swallows each of 5
ml liquid (L) and viscous (V) bolus were analyzed.
Mean values were compared using Student’s t test
for normally distributed data or Mann Whitney U-test
when non-normally distributed. A P value < 0.05 was
considered significant.

INTRODUCTION
The esophagogastric junction (EGJ) is an anatomically
and physiologically complex region, with several
functions such as preventing gastro esophageal
reflux, while being able to allow bolus passage during
swallowing, evacuation of air during belching or
[1-3]
gastric contents during vomiting . The EGJ consists
of a combination of the lower esophageal sphincter
(LES) and diaphragmatic crura. The LES may be
anatomically aligned with the crural diaphragm (CD)
or misaligned in the form of a hiatus hernia. The lower
esophageal sphincter is a smooth muscle region in
the lower esophagus, tonically contracted at rest, but
with the capacity for swallow, reflex or distention[1,2]
based relaxation . The LES receives vagal input
from the brainstem via myenteric non-adrenergic non[4]
cholinergic neurons , which release primarily nitric
oxide, but also vasoactive intestinal peptide in order
[5,6]
to induce LES relaxation . Passage of bolus through
the EGJ region requires relaxation of the LES, aided by
distraction of the LES region and CD by contraction of
distal esophageal longitudinal muscle. The CD is thus
an important constituent of the EGJ and therefore the
term EGJ is thus preferred over LES to functionally
[1]
describe this region .
The use of high-resolution manometry and the
Chicago classification system for the description of
esophageal pressure topography has necessitated the
development of novel measures for the anatomical
description of the EGJ, but also for the assessment
of barrier function, swallow-induced relaxation and
functional bolus clearance at the EGJ. Several novel
metrics have been described in order to measure these
different functional aspects at the EGJ. In terms of its
barrier function at rest (preventing gastroesophageal
reflux disease - GERD), the metric esophagogastric
contractile integral (EGJ-CI) has been shown to
be superior to other EGJ metrics in distinguishing
GERD patients with and without proton-pump in
[7,8]
hibitor response
, as well as distal esophageal
[9]
acid exposure and could differentiate patients with
[10]
achalasia or anti-reflux surgery from controls . For
the assessment of swallow-induced EGJ relaxation,
[11]
Pandolfino et al
described the integrated relaxation
pressure in four seconds (IRP4). This measure and
specifically the time interval chosen, was shown to be
superior to other iterations of IRP or metrics describing
[11,12]
EGJ relaxation of clinical relevance
. More recently
[13,14]
Lin et al
described the novel metric bolus flow
time (BFT) at the EGJ. This metric determines bolus
[13]
clearance at the EGJ and is reduced in achalasia
or
other circumstances denoting reduced bolus clearance
through the EGJ, such as ineffective esophageal
[14]
motility .
We have recently described changes in the distal
esophagus of individuals aged over eighty years,
[15]
including reduced peristaltic vigor and clearance ,

RESULTS
EGJ-CI at rest was similar for older subjects compared
to controls. “Total” EGJ-CI, measured during liquid
swallowing, was increased in older individuals when
compared to young controls (O 39 ± 7 mmHg.cm vs
C 18 ± 3 mmHg.cm; P = 0.006). For both liquid and
viscous bolus consistencies, IRP4 was increased (L:
11.9 ± 2.3 mmHg vs 5.9 ± 1.0 mmHg, P = 0.019 and V:
14.3 ± 2.4 mmHg vs 7.3 ± 0.8 mmHg; P = 0.02) and
BFT was reduced (L: 1.7 ± 0.3 s vs 3.8 ± 0.2 s and V:
1.9 ± 0.3 s vs 3.8 ± 0.2 s; P < 0.001 for both) in older
subjects, when compared to young. A matrix of bolus
flow and presence above the EGJ indicated reductions
in bolus flow at the EGJ occurred due to both impaired
bolus transport through the esophageal body (i.e. ,
the bolus never reached the EGJ) and increased flow
resistance at the EGJ (i.e. , the bolus retained just
above the EGJ).
CONCLUSION
Bolus flow through the EGJ is reduced in asymptomatic
older individuals. Both ineffective esophageal bolus
transport and increased EGJ resistance contribute to
impaired bolus flow.
Key words: Aging; Esophagus; Impedance; Manometry;
Pressure; Esophagogastric junction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Disturbances in esophagogastric junction
(EGJ) relaxation have previously been described
in extreme older age (> 80 years). The functional
consequences of such observations are not known.
We investigated several novel metrics of EGJ function
- EGJ-contractile integral (EGJ-CI), “total” EGJ-CI
during swallowing and EGJ bolus flow time - in young
controls and asymptomatic healthy older volunteers
(> 80 years). Our findings indicate reduced swallowinduced EGJ relaxation and decreased EGJ bolus flow
in older subjects. These findings confirm functional
consequences for observations such as increased
IRP measurements in older subjects and that caution
applies when interpreting EGJ metrics in older patients.
Cock C, Besanko LK, Burgstad CM, Thompson A, Kritas S,
Heddle R, Fraser RJL, Omari TI. Age-related impairment of
esophagogastric junction relaxation and bolus flow time. World
J Gastroenterol 2017; 23(15): 2785-2794 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i15/2785.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i15.2785
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E

subjects performed a previously validated Dakkak
[20]
questionnaire
to assess the esophageal phase
of swallowing for different food consistencies. Only
subjects with a normal score were included in the
study. Body weight and height, and current or past
smoking history were also recorded. Enrolled subjects
were stratified into the following two groups: younger
controls and older subjects (> 80 years).
The study protocol was approved by the Southern
Adelaide Clinical Human Research Ethics Committee
(Approval No. 403.10). All participants gave written
informed consent prior to enrolment, and studies were
performed at the Repatriation General Hospital, Daw
Park, South Australia. AIM pressure-flow analysis of
[21]
[15]
the pharynx
and distal esophagus
had previously
been reported in this cohort of subjects.

I

"DCI" = 330 mmHg.s.cm
0

1
2
EGJ-CI = 33 mmHg.cm

   3

Time = 10 s

Figure 1 Method for determining esophagogastric junction contractile
integral. Inspiration (I) and expiration (E) are pictured for the intra thoracic
portion above the EGJ (respiratory inversion pictured as dotted white line).
Isobaric contour tool is adjusted to 2 mmHg above the intra gastric pressure
to determine the boundaries for the EGJ. The “DCI box” (dotted red) is placed
around the EGJ starting at the diaphragmatic contraction (mid-point inspiration)
and extended for 3 further respiratory cycles. The “DCI”-value is then divided by
time to determine EGJ-CI in mmHg.cm. EGJ: Esophagogastric junction.

Measurement technique

Subjects were studied in a sitting posture using
an MMS Solar (Solar GI acquisition system, MMS,
Enschede, The Netherlands) manometric assembly
with a 10 French (3.2 mm diameter) unidirectional
catheter (Unisensor Inc, Attikon, Switzerland) with 25
pressure (1cm spaced) and 12 impedance segments
(2 cm length) straddling the esophagogastric segment
with at least 2-3 sensors in the stomach. Pressure and
impedance data were recorded at 20Hz.

as well as reduced EGJ relaxation in both healthy
[16-18]
and dysphagic aged individuals
. Both reduced
clearance and decreased EGJ relaxation mimic the
circumstances under which a reduced bolus flow time
[13,14]
had previously been described by Lin et al
and it
would thus be of value to further assess EGJ function in
the aged population, using the BFT. Furthermore, it is
known that older individuals have reduced symptoms
in relation to the severity of gastroesophageal reflux
[19]
disease
and thus an assessment of EGJ barrier
function would be additionally useful in this population,
but the recent descriptions of EGJ barrier function
metrics have not been assessed in this age cohort.
The aims of this study were to evaluate different
aspects of esophagogastric junction function in asymp
tomatic individuals over eighty years of age compared
to young controls: (1) EGJ barrier function at rest
through the novel metric EGJ-CI; (2) Swallow induced
EGJ-relaxation through the Chicago classification
metric integrated relaxation pressure (IRP4); and
(3) EGJ bolus flow through the pressure-flow metric
bolus flow time (BFT) and bolus presence in the distal
esophagus through bolus presence time (BPT).

Study protocol

Following nasal administration of co-phenylcaine forte
spray and 2% lignocaine gel, subjects were intubated
with the sensors in a posterior orientation. The HRIM
assembly was positioned with the recording segment
spanning the esophageal transition zone to proximal
stomach. Following a 10-min accommodation period,
subjects received five 5ml and 10 mL boluses of liquid
(0.9% NaCl) and standardized viscous bolus (EFT
Viscous Swallow Challenge Medium, viscosity 13000
cP; Sandhill Scientific, Denver, Co. United States) via
a syringe and asked to swallow once on cue. Studies
were performed in the upright posture with head in a
neutral position.

Determination of EGJ-CI

Method for the determination of EGJ-CIis described
in figure 1. EGJ-CI was measured by assessing EGJ
function in the rest period, i.e., prior to the onset of
swallowing boluses. During calculation of the EGJ-CI,
EGJ pressure was measured relative to intra gastric
pressure, as the distal esophageal/gastric pressure
differential is an important determinant of distal
[22]
esophageal acid reflux . The isobaric contour was
set at +2 mmHg above the intra gastric pressure. The
distal contractile integral “box” was then placed around
a three-respiratory cycle segment, starting with
diaphragmatic contraction. The value obtained in the
-1
-1
box (mmHg.s .cm ) was divided by the total duration
of the three respiratory cycles to calculate EGJ-CI

MATERIALS AND METHODS
Study participants

Forty-five healthy volunteers (20 M, aged 20-93 years)
were recruited through community advertisement.
A screening history was performed in all subjects to
exclude (1) past or present swallowing difficulties;
(2) symptoms suggestive of a motility disorder; (3)
upper gastrointestinal conditions including gastroesophageal reflux disease; (4) diabetes mellitus; (5)
previous history of gastrointestinal surgery; and (6)
prescription medications known to affect GI motility.
To further exclude underlying dysphagia, all potential
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Figure 2 Method for determining bolus flow time at the esophagogastric junction using pressure impedance data (modified from Lin 2014). A: Esophageal
pressure topography of region of interest at EGJ; B: Bolus flow is determined as occurring at the EGJ when the distal esophageal impedance drops below 90% of
baseline until impedance returns above 50% baseline (purple area), provided pressure criteria are simultaneously met at the crural diaphragm (CD) position; C:
Pressure above 10 mmHg and 50% peak pressure inhibits bolus flow at CD position despite impedance criteria being met (* - corresponding with yellow area in B).
-1

[23]

were then imported into Matlab and analysed using
an adapted version of the script esophageal AIMplot
version 5.0 (T.Omari, Flinders University; Adelaide,
Australia). The methodology for esophageal AIMplot
[15,24,25]
pressure flow analysis is described elsewhere
.
Specifically, as relates to the measurement of BFT and
BPT the method is as described below (figure 2):
A virtual e-sleeve of pressure and impedance data
at the EGJ was created. Pressure at the most proximal
pressure channel in this region and intragastric
pressure was used as reference values to determine
bolus flow and directionality of such flow. Bolus flow
from the esophagus to the stomach was determined
to have occurred (with the commensurate time
included in the BFT) when: (1) Impedance in the three
impedance segments at and above the level of the
EGJ dropped to below 90% of baseline (without having
returned above 50% at which point flow ceases); (2)
Pressure at the EGJ dropped to below 50% of baseline;
and (3) Diaphragmatic crural contraction pressures
were below 10 mmHg and remained at less than 50%
of the baseline.
Bolus flow time and bolus presence time were
reported in seconds. Impedance ratio is reported as
implied as a ratio of the impedance at maximal luminal

(mmHg.cm ). “Total” EGJ-CI
was determined by
calculating the measurement within a “DCI”-box at the
EGJ, using the 2 mmHg above intra gastric pressure
isobar contour, during ten liquid swallows and dividing
this value by the total duration in seconds.

Swallow-induced EGJ relaxation

Swallow induced EGJ relaxation was determined
during liquid and viscous swallows by measuring the
integrated relaxation pressure in four seconds at the
EGJ. This value is determined as the lowest pressure
for four contiguous or non-contiguous seconds within
the ten seconds following swallow-induced LES rela
xation, measured from UES onset, where visible, or
impedance drop below 90% of the resting value at
the most proximal impedance segment. In practice
the IRP tool in the MMS software was used for this
measurement. IRP4 is expressed in mmHg.

Measurement of bolus flow time and presence time

Method for the determination of bolus flow time
(BFT) is described in figure 2. Bolus flow time was
determined based on the method originally described
[14]
by Lin et al . Text files were exported as thirty second
segments including the swallow sequences. These files
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Figure 3 Examples of esophagogastric junction-contractile integral in 3 individuals; an (A) 85-year-old, (B) 50-year-old and (C) 22-year-old. In addition
to different EGJ-CI measurements, three different EGJ subtypes are displayed as subtypes I (A), II (B) and IIIb (C). Expiration (E) and inspiration (I) are pictured
overlaying the thoracic recording, while pressure inversion is indicated by a solid white line.

no increase in the Type III EGJ, associated with hiatus
hernia, in the older subjects.

occlusion to that at maximal luminal distention.

Statistical analysis

EGJ Barrier Function and EGJ-CI

Data were analysed using Sigmaplot 13 (Systat
Software Inc., San Jose, Ca, United States) and Prism
Plus 6.0 (Graphpad, San Diego, Ca, United States).
Data was assessed for a normal distribution using
the D’Agostino & Pearson omnibus test. Pairwise
comparisons were done via independent sample
t-test or Mann Whitney U-test when non-normally
distributed. Fisher’s exact test was done to compare
the proportions of subjects with different EGJ-subtypes.
Data presented are mean ± SEM. A P value of < 0.05
considered statistically significant.

Examples of EGJ-CI calculation are shown in figure 3.
EGJ-CI was similar for older subjects (O) compared to
younger controls (C) (O 34 ± 5 mmHg.cm vs C 25 ±
5 mmHg.cm, P = 0.18). Three older and six control
subjects (20%) had EGJ-CI values below 20 mmHg.
cm, within the range previously shown to be associated
[8]
with gastro esophageal reflux disease . Intragastric
pressure was higher in older subjects compared to
the younger group (Liquid: O 9 ± 2 mmHg vs C 2 ±
2 mmHg, P = 0.002; Viscous: O 11 ± 2 mmHg vs C
4 ± 2 mmHg, P = 0.005). Due to decreased swallowinduced relaxation, “total” EGJ-CI was increased in
older individuals when compared to young controls (O
39 ± 7 mmHg.cm vs C 18 ± 3 mmHg.cm; P = 0.006).

RESULTS
Subjects

Characteristics of study participants are included in
Table 1. All subjects tolerated the study procedure well
and no adverse events were reported. The mean age
of older subjects (n = 15; aged 85 ± 4 years, 9 M)
was significantly higher than the younger group (n =
30; aged 37 ± 11 years, 11 M) (P < 0.001).

EGJ swallow-induced relaxation

Examples of EGJ swallow-induced relaxation are
shown in figure 4. The EGJ relaxation pressure (IRP4)
was significantly higher in older adults for both liquid
(P = 0.02) and viscous (P = 0.02) swallows, when
compared to the younger group (Table 2). Age had
no effect on the nadir EGJ pressure for either bolus
consistency. Despite increased IRP, older individuals
did not display the esophagogastric outflow obstruction
phenotype as defined by an increase in intrabolus

EGJ subtype

There was no significant difference in the distribution
of EGJ subtypes between controls and older subjects
in a sitting posture (Table 1). Specifically, there was
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IRP4 = 26 mmHg

IRP4 = 2 mmHg

Time = 10 s

Time = 10 s

C

IRP4 = 8 mmHg
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Figure 4 Examples of 4 second integrated relaxation pressure in the same subjects in Figure 3; an (A) 85-year-old, (B) 50-year-old and (C) 22-year-old. EGJ
non- relaxation, despite adequate peristaltic response is seen in 4A, while normal relaxation responses are seen in association with peristalsis (4B) or fragmented
peristalsis (4C).

DISCUSSION

Table 1 Characteristics of control and asymptomatic older
subjects n (%)

Number (M/F)
Age ± SD (range)
EGJ subtype
Ⅰ
Ⅱ
Ⅲa
Ⅲb
Proximal margin
EGJ (cm)
Overall length EGJ1
(cm)

Control

Older

P value

30 (11/19)
37 ± 11 (21-58) yr

15 (9/6)
85 ± 4 (80-93) yr

0.14
< 0.001
0.69

18 (60)
9 (30)
1 (3)
2 (7)
43 ± 0.6

9 (60)
3 (20)
1 (7)
2 (13)
45 ± 1

0.06

3.2 ± 0.2

3.4 ± 0.3

0.34

This is the first study to report the influence of aging
on several novel metrics assessing esophagogastric
junction function. EGJ barrier function is assessed
through the EGJ-CI, while swallow-induced EGJ rela
xation is assessed through the IRP4 and associated
bolus passage through bolus flow time (BFT). Our
study shows evidence of (1) unchanged EGJ barrier
function as measured via EGJ-CI; (2) reduced swallowinduced EGJ relaxation, which also increases the “total”
EGJ-CI, which is measured during swallowing; and (3)
reduced bolus flow time during both liquid and viscous
swallowing, in aging. There is no evidence to support
EGJ barrier dysfunction as a significant pathogenic
factor in the increased incidence of gastro esophageal
[26]
reflux disease reported in aging . However, reduced
EGJ relaxation in concert with greater intragastric
pressure and reduced distal esophageal bolus clea
rance implies potential prolonged retention of gastric
refluxate in the distal esophagus, potentially leading
to greater mucosal damage by the refluxate. Due
to an increased sensory threshold, reflux symptoms
[26,27]
may not be perceived by the aging reflux patient
.
A low threshold should be maintained for further
clinical assessment (e.g., via endoscopy) of upper
gastrointestinal symptoms in older subjects and a
recognition that older subjects do not always present
with typical symptoms.

1

EGJ Type Ⅲ were excluded from calculation of total length. EGJ:
Esophagogastric junction.

pressure at the 30 mmHg isobar contour.

EGJ bolus flow

Data for EGJ bolus presence time (BPT) and bolus flow
time (BFT) are shown in Table 2 and examples are
shown in figure 5. Bolus flow time is markedly reduced
in older individuals for both consistencies (P < 0.001).
There was a negative correlation between BFT and
the IRP4 (r = -0.42, P = 0.02) for all subjects. Bolus
flow time was lowest in older subjects with reduced
impedance-based clearance (figure 6).
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Figure 5 Examples of bolus flow time calculation. Both flow and pressure criteria need to be satisfied for bolus flow (purple) (5A). If only the impedance criteria
are met, but flow is interrupted by an increase in pressure due to vascular (5B) or crural contraction (5C), no flow is measured (yellow).

Table 2 Esophagogastric junction metrics during swallowing
Liquid swallows
IRP4 (mmHg)
GasP (mmHg)
BPT (s)
BFT (s)

Viscous swallows

Control

Older

P value

Control

Older

P value

5.9 ± 1.0
2.2 ± 1.5
5.5 ± 1.0
3.8 ± 0.2

11.9 ± 2.3
9.4 ± 1.6
3.9 ± 0.5
1.7 ± 0.3

0.02
0.002
0.01
< 0.001

7.3 ± 0.8
4.1 ± 1.6
4.5 ± 0.2
3.8 ± 0.2

14.3 ± 2.4
11.2 ± 1.7
4.3 ± 0.5
1.9 ± 0.3

0.02
0.005
0.19
< 0.001

BFT: Bolus flow time; BPT: Bolus presence time.
[30]

Older patients with gastroesophageal reflux disease
often present with atypical symptoms, including
[28]
dysphagia , have an increased prevalence of erosive
[19,28]
reflux disease
and also have associated motility
[29]
disturbances . Our findings that esophageal barrier
function, as measured through EGJ-CI, is unchanged
in older individuals have important implications for the
assessment of aged patients with gastroesophageal
reflux disease or undergoing high-resolution mano
metry for other indications. Whilst the resting EGJ-CI
is congruent with “total” EGJ-CI in young subjects, this
is not the case in subjects aged greater than eighty
years. This is because decreased swallow-induced LES
relaxation in these older subjects would increase the
measured EGJ-CI during swallowing (“total” EGJ-CI).
“Total” EGJ-CI would not be a reliable measurement of
EGJ barrier function in older subjects and should not
be clinically used to determine such function.
Our findings of a similar EGJ-CI in older subjects
and younger controls are in keeping with those of

WJG|www.wjgnet.com

Bardan et al
who showed similar LES resting
pressure in healthy older volunteers as compared to
younger in a supine posture. Other studies have shown
[16]
[17]
either higher
or lower
resting pressures in aged
individuals. In terms of the functional consequences
[26]
of impaired EGJ barrier function, Lee et al described
increased distal esophageal acid exposure related
to dysmotility and reduced acid clearance in older
subjects with reflux disease. Their study also showed
[26]
increased esophageal abdominal length . Other
studies have likewise shown increased prevalence of
[28]
hiatus hernia in aging . Our study in older subjects
studied in a sitting posture did not find an increased
prevalence of hiatus hernia as assessed by EGJ
“subtypes”. Our study did, however, find decreased
swallow-induced relaxation, discussed further below.
In this context, care needs to be taken in exactly how
the EGJ-CI is calculated, i.e., whether at rest or during
swallowing, with only values at rest being clinically
relevant in subjects over eighty, as discussed above.
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Figure 6 Bolus flow time is reduced during liquid and viscous swallows in asymptomatic older subjects without (older non-cleared) impedance-based
esophageal bolus clearance and also in older subjects with esophageal clearance (older cleared) by impedance criteria, when compared to young controls
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Our findings demonstrating reduced swallowinduced EGJ relaxation in healthy aging, is consistent
[18]
with a previous study by Besanko et al , which
showed decreased swallow-induced relaxation, as
measured through the IRP4, in healthy older adults
[31]
over eighty years. Likewise, Jung et al also showed
a significant correlation of IRP4 with age and aging.
The finding of decreased swallow-induced EGJ
relaxation with aging is consistent with degeneration of
myenteric lower motor neurons. Degeneration of such
neurons have previously been demonstrated in aging
[32]
[33]
animals
and humans . Myenteric neurons and in
[34]
particular cholinergic neurons , seem to represent a
vulnerable subpopulation when compared to neuronal
[35]
cells elsewhere in the body . Furthermore, our
[15]
findings indicating more proximal bolus retention
[36]
also implies decreased distal esophageal distention ,
decreasing the stimulus for nitrinergic distention-based
[37]
EGJ relaxation . Lastly, aged subjects have decreased
esophageal sensory function and by implication a
lesser perception of the stimulus for bolus/distentionbased EGJ relaxation. The clinical implications of these
findings are the potential for prolonged retention of
refluxed contents, leading to the observed increase
in erosive reflux disease in this population, but also

WJG|www.wjgnet.com

longer esophageal retention of swallowed contents
leading to a higher prevalence of “pill” esophagitis;
and increased prevalence of esophageal dysphagia
symptoms (or asymptomatic swallowing dysfunction)
in the aging population. Esophageal bolus transit is
[15]
reduced in this population
and thus an additional
factor of decreased swallow-induced LES relaxation
may change borderline bolus transport into clinically
relevant dysphagia.
In our study, bolus flow time (BFT) at the EGJ was
markedly reduced in older subjects when compared
to controls. Further analyses revealed BFT was most
markedly reduced in those individuals with impaired
esophageal bolus clearance (figure 6). Reduced
EGJ bolus flow time has previously been shown in
[14]
association with ineffective esophageal motility . By
adding bolus presence time (BPT) at the most distal
impedance segments above the EGJ, we can draft
a matrix (figure 7) representing the main causes of
reduced BFT, namely (1) reduced bolus clearance
(reduction in both BPT and BFT) and (2) increased
[13]
EGJ flow resistance, similarly to that in achalasia
(reduced BFT with increase in BPT). Our previous
data suggested reduced overall esophageal bolus
[15]
clearance
in older volunteers. Further assessment
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integrals are described for the first time in this population. Bolus flow time
determined through pressure flow analysis at the EGJ is described for the first
time in this population.

of the esophageal bolus clearance through a BFT/BPT
matrix revealed an equivalent proportion of failed
clearance due to ineffective esophageal motility and
increased EGJ flow resistance, revealing that both
these factors play a role in reduced esophageal bolus
clearance in older individuals and as described above
may lead to clinically relevant dysphagia.
Our study has some limitations. We did not record
pH-metry, in order to assess the implications of po
tential changes in EGJ barrier function as measured in
our study, as we could not justify acquiring pH-metry
in asymptomatic volunteers. A specific assessment of
EGJ metrics in aged individuals undergoing pH studies
would be of value. Subjects were excluded if they
reported reflux related symptoms or were on anti-reflux
medications (other than occasional over the counter
medications). We cannot exclude having inadvertently
included asymptomatic individuals with reflux disease
in our study. Furthermore, transient lower esophageal
sphincter relaxations (TLESR’s) were not assessed
during our study. Our study was not designed to assess
TLESR’s, but a study of TLESR activity in aging would be
of great value as to our knowledge, TLESR’s have never
been specifically assessed in the aged population.
Our study showed evidence of similar EGJ barrier
function at rest, but not during swallowing; reduced
swallow-induced relaxation and markedly reduced bolus
flow time (BFT) at the EGJ in older individuals. The use
of a BPT/BFT matrix allowed us to determine different
causes for reduced BFT in aging, indicating equivalent
numbers being due to failed bolus clearance and
increased EGJ flow resistance. Our study has important
implications for better understanding mechanisms of
failed bolus clearance in older individuals and in guiding
investigation in older subjects with gastroesophageal
reflux disease, where non-clearance of refluxate
predisposes older subjects to increases in distal
esophageal acid exposure, potentially explaining the
increased prevalence of severe reflux esophagitis in
[19]
older GERD patients . Our study also implies the EGJ,
in addition to the oropharynx and distal esophagus,
should be a focus during investigation and may be a
potential therapeutic target (e.g., for dilatation) in aged
patients with dysphagia.

Applications

These data has clinical application when interpreting manometry recordings
in older subjects over eighty years and may have further clinical utility in
determining which patients may benefit from endoscopic dilatation of the EGJ
(not measured in this study).

Peer-review

The study analyses functional effects of abnormal EGJ measurements in
asymptomatic healthy volunteers over eighty years of age. EGJ functions were
evaluated by using EGJ-contractile integral (EGJ-CI), “total” EGJ-CI and bolus
flow time (BFT). A matrix of bolus flow and presence above the EGJ indicated
reductions in bolus flow at the EGJ occurred due to both impaired bolus
transport through the esophageal body and increased flow resistance at the
EGJ. The authors concluded that this study has important implications for better
understanding mechanisms of failed bolus clearance in older individuals and in
guiding investigation in older subjects with gastroesophageal reflux disease.
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Abstract
AIM
To report on a more accurate diagnostic possibility
offered by endoscopic ultrasound-guided cutting of holes
and deep biopsy (EUS-CHDB) for pathologic diagnosis
of gastric infiltrative tumors and gastrointestinal
submucosal tumors.
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METHODS
Ten consecutive patients who were suspected of having
gastric invasive tumors or gastrointestinal submucosal
tumors underwent EUS-CHDB with a novel vertical
diathermic loop. We reviewed their medical data and
analysed the effectiveness and safety of this new
method. The final diagnosis was based on the surgical
pathology or clinical/imaging follow-up.
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RESULTS
EUS-CHDB was performed successfully in all the ten
patients. Neither severe haemorrhage nor perforation
occurred in any patient. Among the ten patients, there
were three cases of gastric linitis plastica, one case
of gastric lymphoma, five cases of gastrointestinal
stromal tumors (GISTs), and only one case of chronic
non-atrophic gastritis. That is, nine (90%) of the cases
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Liu YM et al . EUS-CHDB for diagnosis of gastrointestinal tumors
submucosa, and their diagnosis via endoscopic forceps
biopsy is often difficult, with a positive rate of only 29%
[5,6]
in the initial detection . For patients with primary
gastric lymphoma, in contrast to those with GLP,
effective chemotherapy produces a good outcome,
and unnecessary surgery is avoided. Therefore, the
distinction between GLP and gastric lymphoma is also
significant for treatment. Similarly, for gastrointestinal
stromal tumors (GISTs), which generally originate from
the muscularis propria, a common endoscopic biopsy
cannot acquire the correct tumor tissue that is usually
resected during surgery or endoscopic submucosal
dissection (ESD) for immunohistochemistry analysis.
Endoscopic ultrasound (EUS) is reliable in the
diagnosis and staging of gastrointestinal malignancies
and has become an indispensable evaluation in patients
who are suspected of having submucosal tumors
[7,8]
of the upper gastrointestinal tract
. Specimens
obtained with a standard endoscopic biopsy rarely
provide a confirmative diagnosis because lesions in the
submucosa are difficult to reach directly with forceps.
The excavating biopsy, snaring biopsy and endoscopic
mucosal resection (EMR), derived from the traditional
biopsy methods, are considered unsafe for frequent
[9,10]
complications such as haemorrhage and perforation
.
EUS enables the detection of the thickness of the wall
and invasive depth of lesions. Therefore, it may reduce
the operational risks and complications to finish a deep
biopsy under the guidance of EUS in real time, which
makes up for the deficiency of routine endoscopy.
In addition, given the deficiencies of the currently
available biopsy methods, such as a large wound, an
inadequate depth and a rigid gastric wall, we invented
a novel assistant tool, a reform of the diathermic snare.
It contains a control handle, an insulated sheath and
an electric mental wire whose tail end wields a small
loop vertically. This vertical diathermic loop connected
with an electrosurgical unit can be used to cut holes by
fulguration into the tumor through the biopsy channel
first, and the biopsy forceps can be poked into the holes
to acquire deep tissue samples. Here, we retrospectively
investigated the safety and efficacy of this novel
process, called EUS-guided cutting of holes and deep
biopsy (EUS-CHDB), for diagnosing gastric infiltrative
tumors and gastrointestinal submucosal tumors.

treated by EUS-CHDB showed positive findings.
CONCLUSION
EUS-CHDB may be a technically feasible and safe
option for patients with gastric infiltrative tumors or
gastrointestinal submucosal tumors. EUS-CHDB may be
used as a remedial or even preferred biopsy method
for submucosal lesions.
Key words: Endoscopic ultrasound; Cutting holes; Deep
biopsy; Vertical diathermic loop; Gastric linitis plastica;
Gastrointestinal submucosal tumors
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a prospective clinical diagnostic
trial seeking to evaluate the efficacy of endoscopic
ultrasound-guided cutting of holes and deep biopsy
for the diagnosis of gastric infiltrative tumors and
gastrointestinal submucosal tumors using a novel
vertical diathermic loop. This new technique was
proved to be a safe, technically feasible and more
accurate option for patients with gastric infiltrative
tumors or gastrointestinal submucosal tumors.
Liu YM, Yang XJ. Endoscopic ultrasound-guided cutting of
holes and deep biopsy for diagnosis of gastric infiltrative tumors
and gastrointestinal submucosal tumors using a novel vertical
diathermic loop. World J Gastroenterol 2017; 23(15): 2795-2801
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2795.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2795

INTRODUCTION
Gastric infiltrative tumors, commonly referred to as
gastric linitis plastica (GLP) and gastric lymphoma,
along with gastrointestinal submucosal tumors often
have more than one negative pathological finding
on ordinary endoscopic biopsies. Such troublesome
phenomena are associated with the biopsy technique
itself and the deep location of the tumors. GLP,
which is also known as Borrmann type Ⅳ or dif
fuse infiltrating-type gastric cancer or scirrhous
carcinoma, is an invasive and diffuse carcinoma that is
characterized by a thickened, tough and rigid gastric
[1]
wall and a narrow cavity . In general, GLP infiltrates
the submucosal layer without destroying the superficial
structure of the gastric wall; thus, pathological findings
in the mucosal layer are not available for making a
[2]
diagnosis via common biopsy . Therefore, making an
early diagnosis is difficult, and peritoneal metastasis
is common at the time of detection, which results
[3,4]
in a poor prognosis . Primary gastric lymphomas,
which are the major malignant tumors of the stomach
secondary to gastric carcinoma, mostly originate in the
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MATERIALS AND METHODS
Patients

From March 2014 to June 2016, ten consecutive
patients (including five men) at our department who
were suspected of having gastric invasive tumors or
GISTs underwent EUS-CHDB with the novel electric
ring. All patients had undergone ordinary endoscopic
biopsies one to four times, and their pathology
showed negative results. We extracted and analyzed
their medical data. The study was approved by
the Institutional Review Board of Fudan University
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Figure 1 Vertical electrode loop. A: The vertical electrode loop device; B: The loop is dragged into the sheath when not working; C and D: When working, the small
loop that is vertically wielded to the end of the electric metal wire is pushed out of the sheath.

Shanghai Cancer Center, and informed consent for the
procedure was obtained.

of the holes were approximately 3-5 mm, and the
depth to the location was equivalent to the muscularis
propria. Every tumor required cutting 2-3 holes to
acquire more than seven blocks of tissue specimens.
When the biopsy was finished, if the incision was too
broad or still bleeding after spraying thrombin locally,
an endoclip was selectively used to close it (Figure 2).

EUS equipment and biopsy instruments

EUS equipment in our endoscopy centre is composed
of an ultrasound mainframe (Hitachi Preirus; Hitachi,
Tokyo, Japan) and linear echoendoscopes (PANTAX
EG-3870UTK and EG-3270UK; PANTAX, Tokyo, Japan).
Biopsy instruments consisted of the following: a
vertical diathermic loop, composed of a control handle,
an insulated sheath and an electric mental wire whose
end vertically wields a small loop with a diameter
of 3-5 mm. The available length of this device was
155 cm. The small ring could be pushed out with the
largest length at 1.5 cm or pulled into the sheath
with a diameter of approximately 2 mm (Figure 1).
An electrosurgical unit was connected to the handle
of the loop, and energy delivery was controlled by a
foot switch. A small conventional biopsy forceps with a
diameter of 1.8 mm was attached.

RESULTS
EUS-CHDB was performed successfully in all the 10
patients. The median age of the patients was 52.4
years (range: 41-75 years), and the male to female
ratio was 5:5. Characteristics of the patients and
tumors and the final diagnoses are shown in Table 1.
The average numbers of cut holes and tissue
specimens were 2.29 (range: 2-3) and 8.57 (range:
7-12), respectively. There were two cases still
haemorrhaging after spraying thrombin locally and
three cases showing a large wound, so endoclips were
used to close the incision. Neither severe haemorrhage
nor perforation occurred in any patient. According
to the pathology results from the samples obtained
by EUS-CHDB, among the ten patients, there were
three GLP cases, one gastric lymphoma case, five
GIST cases, and only one case showing chronic nonatrophic gastritis (Figure 3). Three of the five patients
diagnosed with GISTs underwent surgical treatment,
and the surgical pathology findings were consistent
with the EUS-CHDB findings. The patient showing
chronic non-atrophic gastritis was diagnosed with GLP

Biopsy process

All patients experienced conventional EUS examination
first to determine the targeted focus characterized
by the obviously thick and rigid wall on the tumor.
Subsequently, the vertical diathermic loop connected to
an electrosurgical unit could be used to cut cylindrical
holes under the guidance of EUS by fulguration into the
targeted focus through the biopsy channel, and then a
conventional biopsy forceps was poked into the holes
to acquire the deep tissue samples. The diameters
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Figure 2 A case diagnosed with gastric linitis plastic. A: Endoscopic characteristics: thick and rigid gastric duplicature and a narrow cavity; B: The loop was
placed on the targeted focus characterized by the obviously thick and rigid wall on the tumor, then the holes were cut; C: A biopsy forceps was poked into the holes to
acquire the deep tissue samples under the guidance of EUS; D: The tissue specimen was then analysed histopathologically and shown to be gastric adenocarcinoma.
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Figure 3 Results of pathology and immunohistochemistry of gastrointestinal stromal tumors and gastric lymphoma. A and B: The pathology characterized
by spindle cells (HE, × 200) and immunohistochemistry showing positive CD117 staining proved the diagnosis of gastrointestinal stromal tumors (GIST); C and D:
Increased and dispersively distributed lymphocytes (HE, × 400) with positive CD10 staining according to the immunohistochemistry results confirmed the diagnosis of
gastric diffuse large B-cell lymphoma.
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of poorly differentiated carcinoma (P < 0.01), lymph
node metastasis (P < 0.01), peritoneal metastasis (P
[2]
< 0.01), and serosal invasion (P < 0.01). Kim et al
showed that the missed rate of ordinary biopsies
in diagnosing Borrmann type Ⅳ gastric cancer was
as high as 55.9%. Lesions showing thickening of
the gastric mucosa generally originate from the
submucosa, whose tissue samples obtained by largecapacity biopsy forceps can improve the diagnostic
[13]
rate, but only to 17% . For patients with gastric
infiltrative tumors whose initial biopsy is negative for
malignancy, the following two to four biopsies enable
an increase in the positive rate, but limited, and
repeated endoscopy examinations and biopsies may
bring more suffering, cost burdens and even delayed
treatment.
Along with the advancement of endoscopic
diagnostic and therapeutic technology, several novel
technologies, such as EUS-guided fine needle aspiration
(EUS-FNA), excavating biopsy, snaring biopsy and
EMR, have emerged. EUS-FNA for gastric infiltrative
tumors can be used to acquire cytology findings, but
for large tissue specimens for histopathology analysis,
with the disadvantages of difficult operations, long
time and high expenses, the positive finding rate is
[14-16]
[17]
still undesirable
. Al-Haddad et al
reported that
the sensitivity, specificity and accuracy rates of EUSFNA in the diagnosis of lymphoma were 80%-87%,
92%-93%, and 83%-89%, respectively. Recently,
[18]
Zhou et al
confirmed that endoscopic ultrasoundguided deep and large biopsy technique provided a
definitive and conclusive diagnosis in 29 (80.6%) of
the 36 patients suspected of having gastric infiltrating
tumors. Excavating biopsy, snaring biopsy and
endoscopic mucosal resection (EMR), which generally
cannot obtain the correct deep tissue samples, are
considered unsafe due to frequent complications such
[18]
as haemorrhage and perforation .
GISTs, demonstrated to stem from gain-of-function
mutations of the platelet-derived growth factor receptor
[19,20]
alpha gene and/or c-kit gene
, account for 1% of
primary gastrointestinal tumors. Although surgical
[21]
resection has been the main modality of treatment ,
many cases are locally advanced and unresectable
at present. In addition, after curative resections,
approximately 40% of cases will develop recurrences
[22,23]
in the form of local or distant metastasis
.
Imatinib mesylate (IM), a tyrosine kinase targeted
therapy, is now the standard adjuvant therapy before
or after surgical resection of non-metastatic GISTs
[24,25]
with a significant risk of recurrence
. In locally
advanced or unresectable GISTs, use of neoadjuvant
IM helps decrease the extent of resection and surgical
morbidity by diminishing the tumor and reducing the
[26-28]
intraoperative spillage of tumor cells
. Obtaining
the gene mutation status from the biopsy specimens
before neoadjuvant IM therapy makes the process
more accurate, which is in accordance with the latest

Table 1 Patient and tumor characteristics
Age, median (range), yr
Male, n (%)
Tumour thickness, median
(range), mm
Tumour location, n
Gastric fundus
Gastric body
Gastric fundus and body
Gastric body and antrum
Descending duodenum
Final diagnosis, n
Pathology obtained by
EUS-CHDB
Histological type

52.4 (41-75)
5 (50)
25.34 (10.6-45.2)

2
5
1
1
1
Surgical resection or clinical follow-up

Gastric
GIST
adenocarcinoma
Gastric adenocarcinoma
3
0
GIST
0
5
Gastric lymphoma
0
0
Chronic non-atrophic gastritis
1
0
The overall accuracy rate
90%

Gastric
lymphoma
0
0
1
0

GIST: Gastrointestinal stromal tumors.

by surgical resection. According to the clinical/imaging
follow-up, the diagnosis of patients without surgical
resection was consistent with the EUS-CHDB findings.
That is, nine (90%) of the cases treated by EUS-CHDB
had positive findings.

DISCUSSION
Primary gastric lymphoma (PGL) accounts for 2%
to 8% of all malignant gastric tumors, which spread
[11]
mainly in a longitudinal growth style. Suekane et al
divided the patients into four groups according to the
endoscopic ultrasonography findings: superficially
spreading type, diffusely infiltrating type, mass-forming
type, and mixed type. Among the four groups, the
superficially spreading type had the highest frequency
with EUS imaging features of diffused gastric wall
thickening and replacing of the second and third layers
with a hypoecho mass. Based on the morphological
characteristics of the gastric tumor visualized by
common endoscopy or EUS, a differential diagnosis of
GLP and gastric lymphoma is difficult in most cases. In
our outpatient department of endoscopy, a 34-year-old
female patient who was clinically suspected of having
gastric lymphoma for more than 3 years but treated
as chronic gastritis subsequently suffered from a huge
abdominal mass suspected of being the product of
metastasis. We suggest that the correct histopathologic
findings are closely tied to the prognosis of GLP;
the sooner the pathology, the better the treatment.
However, a study showed that only eight cases were
correctly diagnosed by preoperative biopsy among
[12]
45 cases of GPL . Thus, finding an effective biopsy
method may be the key point.
[4]
A meta-analysis showed that compared with
Borrmann type "others" , B-4 had a higher incidence
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edition of the NCCN clinical practice guidelines (2016)
for gastrointestinal stromal tumors. Decisions to
improve the outcomes in the management of GISTs
are based on the risk of progression, pathologic
[29]
characteristics, and tumor location . Limited by a
fine needle, specimens obtained by EUS-FNA are often
not sufficient to allow immunohistochemistry and
genotype analysis, which could occur with EUS-CHDB
with careful operations to reduce the intraoperative
[30]
spillage of tumor cells .
Using the vertical diathermic loop, gastric infiltrative
tumors were open to the biopsy forceps safely by
electric coagulation, which resulted in a positive rate
of 90% in this study. In particular, for a rigid and
tough wall, the diathermic loop, similar to a knife,
makes the tumor incised and revealed. The vertical
angle makes cutting holes in tumors easier than with
other electroexcision tools or biopsy forceps. Under
the guidance of EUS, we can determine the most
characterized targeted focus, guarantee electroexcision
without risk, and avoid areas with abundant irregular
branch blood flow signals. In this way, EUS-CHDB was
preliminarily proved to be quite safe because neither
severe haemorrhaging nor perforation occurred in
any patient. In contrast to EUS-FNA, EUS-CHDB is
less costly, easier to carry out and, most significantly,
allows more histopathology findings. Meanwhile, EUSCHDB can obtain a larger tissue specimen and may
thus increase the rate of positive diagnostic findings
compared with conventional biopsies. For the only
negative case who was suspected of having GLP but
suffered a negative pathology, the rational speculation
was focused on an inadequate depth, insufficient
biopsy samples or invalid biopsy on the tissue that
received electrocoagulation. For negative cases, if
necessary, EUS-FNA combined with EUS-CHDB may
offer a satisfactory solution.
As a limitation, this study was performed at a single
centre with a small number of patients and without a
control group. Further large studies on this method are
needed to clarify the indications and clinical outcomes.
In conclusion, under the guidance of high-definition
longitudinal axis EUS, the vertical diathermic loop can
safely and efficiently break up the shield of a thick
and rigid wall of the gastric or mucous layer above
the tumor. EUS-CHDB may be a technically feasible
and safe option for patients with gastric infiltrative
tumors or gastrointestinal submucosal tumors. EUSCHDB could be recommended as a remedial or even
preferred biopsy method for some submucosal lesions.

For patients suspected with gastric infiltrative tumors or gastrointestinal
submucosal tumors, diagnosis via endoscopic forceps biopsy is often difficult,
with a low positive rate in the initial detection. Several novel technologies, such
as EUS-guided fine needle aspiration, excavating biopsy, snaring biopsy and
endoscopic mucosal resection, have emerged. However, the positive finding
rate of the above techniques is still undesirable.

Innovations and breakthroughs

This study reported on a more accurate diagnostic possibility offered by EUSCHDB for pathologic diagnosis of gastric infiltrative tumors and gastrointestinal
submucosal tumors. This new technique was proved to be a safe, technically
feasible and more accurate option for patients with gastric infiltrative tumors or
gastrointestinal submucosal tumors.

Applications

This study provides the evidence supporting a new technique about biopsy,
EUS-CHDB, which may improve the diagnostic accuracy and even assist in the
early diagnosis of gastric infiltrative tumors and gastrointestinal submucosal
tumors.

Terminology

EUS: an endoscopy with an ultrasonic probe in the head end, which can detect
and scan lesions of the gastrointestinal tract, pancreas, liver, gallbladder and
adjacent organs by virtue of ultrasound. GLP: a special type of diffuse infiltrative
gastric carcinoma with tumor growth direction to the submucosa so that the
gastric cavity becomes small and gastric full layer is thickening and hardening.
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Gastric infiltrative tumors, such as gastric linitis plastica and gastric lymphoma,
and gastrointestinal submucosal tumors often have more than one negative
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a novel vertical electrode loop to perform EUS-guided cutting of holes and
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AIM
To determine incidence and clinical biomarkers of
marked necroinflammation and fibrosis characteristics
among chronic hepatitis B (CHB) patients with
persistently normal alanine aminotransferase (PNALT).
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and dataset are available from the corresponding author at ljli@
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METHODS
Liver biopsy was performed on 115 CHB patients with
PNALT. Necroinflammation and fibrosis were graded
by the Knodell histologic activity index and the Ishak
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(HCC) .
Current antiviral therapy is effective in mitigating
liver injury and blocking the progression of CHB to
advanced stages of chronic liver disease. Current
treatment guidelines recommend antiviral therapy
for CHB patients with: (1) either serum alanine
aminotransferase (ALT) levels twice the upper limit
of normal (ULN) or liver histology showing grade (G)
≥ 2 (mild/spotty periportal inflammation; focal or
unicellular necrosis) or stage (S) ≥ 2 (early periportal
fibrosis or rare portal septa with intact architecture);
and (2) HBV DNA levels of either ≥ 10000 IU/ml for
patients who are negative for the hepatitis B e antigen
(HBeAg) or ≥ 100000 IU/ml for HBeAg-positive
[2,5,6]
patients
. Liver biopsy is also suggested for patients
over 40 years of age with mildly elevated (1-2 × ULN)
serum ALT levels. However, antiviral treatment is not
recommended for patients with persistently normal
alanine aminotransferase (PNALT) because they are
categorized as having an absence of significant liver
injury.
Elevated ALT is usually an indicator of liver injury
and is an important reference for physicians making
treatment decisions. However, some studies have
demonstrated that ALT may not be sensitive enough
to reflect hepatic necroinflammation under certain
circumstances. Other studies found that 10% to
37% of HBsAg carriers with PNALT had significant
necroinflammation and fibrosis, and 61.8% of HBeAg[7,8]
negative inactive carriers had severe liver injury ;
yet, it is a challenge to identify patients with PNALT
who are experiencing liver injury and need antiviral
treatment. Liver biopsy remains a preferred approach
for confirming the presence and extent of hepatic
injury before administration of antivirals, as advanced
imaging techniques remain unable to accurately detect
necroinflammation and early stages of fibrosis in the
[9]
liver .
In this study, we investigated the frequency of
hepatic necroinflammation and fibrosis among 115
Chinese CHB patients with PNALT who underwent
liver biopsy. We analysed correlations between clinical
parameters and marked histological changes in the
liver and identified additional biomarkers, other than
ALT, which may indicate notable hepatic necroin
flammation and fibrosis.

fibrosis score, respectively. Correlations between the
available clinical parameters and necroinflammation
and fibrosis were analysed.
RESULTS
Marked necroinflammation (Knodell activity index ≥
7) and fibrosis (Ishak fibrosis score ≥ 3) were found
in 36.5% and 15.5% of CHB patients with PNALT,
respectively. Following a univariate logistic regression
analysis, multiple logistic regression analysis indicated
that aspartate transaminase (AST) (AUROC = 0.852,
cut-off value = 22.5 U/l) serves as an independent
predictor of notable liver inflammation, while platelet
(PLT) count (AUROC = 0.905, cut-off value = 171.5 ×
9
10 /ml) and gamma-glutamyl transpeptidase (GGT)
(AUROC = 0.909, cut-off value = 21.5 U/l) level serve
as independent predictors of notable liver fibrosis.
CONCLUSION
A considerable proportion of marked histological
abnormalities existed in our cohort, who will benefit
from optimal therapeutic strategies administered
according to predictive indication by AST, PLT and GGT
levels.
Key words: Chronic hepatitis B; Liver biopsy; Normal
alanine aminotransferase; Necroinflammation; Hepatic
fibrosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Marked necroinflammation and fibrosis were
present in the livers of chronic hepatitis B virus-infected
Chinese patients with persistently normal alanine
aminotransferase. Clinical parameters associated with
liver injury were identified. The identified biomarkers
can indicate patients with liver injury.
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INTRODUCTION

MATERIALS AND METHODS

Approximately 240 million people worldwide are
[1,2]
chronically infected with the hepatitis B virus (HBV) .
Despite the availability of an effective HBV vaccine, 4.5
[3]
million new HBV infections occur each year . Chronic
HBV infection displays a broad spectrum of clinical
manifestations, from inactive hepatitis B surface
antigen (HBsAg) carrier status to chronic hepatitis
B (CHB) infection with severe liver injury leading to
cirrhosis, liver failure and hepatocellular carcinoma

Materials

WJG|www.wjgnet.com

Between January 1, 2010 and December 31, 2015,
115 CHB patients with PNALT were recruited and
underwent liver biopsies at the First Affiliated Hospital,
Medical College of Zhejiang University. All patients met
the following inclusion criteria: (1) positivity for HBsAg
for at least 6 mo; (2) ALT and aspartate transaminase
(AST) testing every 3 mo showing normal levels for at
least 1 year prior to liver biopsy; (3) HBV DNA level >
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1000 IU/ml; and (4) naivety to antiviral treatment.
Patients were excluded if they had significant alcohol
consumption (30 g/d for males; 20 g/d for females),
concomitant liver diseases or viral infections, including
hepatitis C/D virus, human immunodeficiency virus
dual-infection, auto-immune hepatitis, Wilson’s
disease, biliary tract disease or cirrhosis. This study
was approved by the Ethics Committee of Zhejiang
University, and written informed consent was obtained
from all participants.

and multiple logistic regression models were used to
identify serum markers associated with marked liver
necroinflammation and fibrosis. All significant factors
identified by the univariate analysis were entered
into the multivariate models for identifying predictors
associated with marked alterations of liver histology.
A P value less than 0.05 was considered statistically
significant.

Methods

The baseline characteristics of 115 carriers with PNALT
are shown in Table 1. The mean age was 39.7 years
(range, 21-67 years), and 62 (54.2%) subjects were
male. Among the 115 patients, 86 (55.5%) were
HBeAg-positive and 69 (44.5%) were HBeAg-negative.
The frequency and score distributions for liver
necroinflammation and fibrosis are shown in Figure 1.
Marked necroinflammation (Knodell activity index ≥ 7)
and fibrosis (Ishak fibrosis score ≥ 3) were observed
in 36.5% (n = 42) of patients (of which 59.5% (n =
25) were HBeAg-positive, and 40.4% (n = 17) were
HBeAg-negative) and 15.5% (n = 24) (of which
70.8% (n = 17) were HBeAg-positive, and 29.2% (n
= 7) were HBeAg-negative) of subjects, respectively.
Classic histological characteristics of necroinflammation
and fibrosis are shown in Figure 2.
Distributions of marked liver abnormalities for
those with lower (ALT ≤ 0.5 × ULN) and higher (0.5
× ULN < ALT < 1 × ULN) normal ALT levels are shown
in Figure 3. There were no significant differences in
liver necroinflammation and fibrosis between HBeAgpositive subgroup (p = 0.0264 and p = 0.094) and
HBeAg-negative subgroup (p = 0.095 and p = 0.497
respectively); however, the HBeAg-positive subgroup
tended to have more severe necroinflammation and
fibrosis when compared to the HBeAg-negative group.
And, the higher normal ALT levels displayed the same
trend regardless of the state of the e antigen.
The percentage of biopsies with marked liver
necroinflammation and fibrosis in patients among the
different age ranges are shown in Figure 4. Percentage
of liver necroinflammation increased from 22.6% in
patients aged 30 years or younger to 34.6% in the
41-50 years group; then, the percentage decreased
to 23.6% in patients older than 50 years. The highest
prevalence of significant necroinflammation was
detected in the 41-50 years group (n = 18, P = 0.713)
(Figure 4A). The patients who were 41- to 50-yearsold in the HBeAg-positive and HBeAg-negative
subgroups showed a similar trend of significant
necroinflammation (n = 9, 39.1%; n = 9, 31.0%,
separately). The majority of subjects with significant
fibrosis were 50-years-old (23.5%, P = 0.205), with
a dramatic increase detected in the HBeAg-positive
subgroup (42.9%) (Figure 4B). But, the percentage
of significant fibrosis in the HBeAg-negative subgroup
with 50 years old was similar with that of the 41-50

RESULTS

Biochemical assays and viral parameters: Serum
samples were obtained from all patients prior to liver
biopsy. The serum biochemical tests included: ALT,
AST, alkaline phosphatase (ALP), total bilirubin (TB),
gamma-glutamyl transpeptidase (GGT), total bile acid
(TBA), creatinine (Cr), albumin (ALB), globulin (GLB),
albumin to globulin (A/G) ratio, white blood cell count
(WBC), platelet (PLT) count, prothrombin time (PT)
and thrombin time (TT). The ULN for ALT level was
defined as 40 IU/L for males and 35 IU/L for females.
Serum HBsAg, anti-HBsAg, HBeAg, anti-HBeAg
and hepatitis B core antibody (HBcAb) were tested by
immunoassay (Abbott GmbH & Co. KG, Wiesbaden,
Germany). Serum HBV DNA was measured by a
quantitative fluorescence polymerase chain reaction
(PCR) kit (Ai Kang Biological Technology Co. Ltd.,
Hangzhou, China).
Biopsy samples: Ultrasound-guided liver biopsies
®
were obtained with 18G biopsy Magnum needles
(BARD Ltd., Tempe, AZ, United States). Samples of
liver tissue that were at least 1.5 cm long or contained
at least six portal areas were considered acceptable
for inclusion in the study. Biopsy specimens were
fixed and paraffin-embedded. Sections were stained
with haematoxylin and eosin (HE) for morphological
evaluation and Masson’s trichrome for assessment of
[10]
fibrosis. The Knodell histologic activity index (HAI)
was used to grade necroinflammation from 0 to 18
points, with grade of 7 or greater indicating significant
[11]
necroinflammation. The Ishak fibrosis score
was
used to stage liver fibrosis from 0 to 6 points, and
a score of 3 or higher (presence of bridging fibrosis
or cirrhosis) reflected significant fibrosis. Two senior
pathologists, who were blinded to the clinical data,
independently read the sections, and joint discussions
were used to resolve differences in scoring between
the two pathologists.

Statistical analysis

SPSS (version 16.0; SPSS Inc., Chicago, IL, United
States) was used to perform all statistical analyses.
Categorical variables were analysed by Pearson’s
χ 2 test. Continuous variables were compared using
independent t-tests for normally distributed data
and Mann-Whitney U tests for skewed data. Simple
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Figure 1 Distribution of the liver histological score by hepatitis e antigen status. A: Percentages of liver necroinflammation in HBeAg-positive, HBeAg-negative
and total patients; B: Percentages of liver fibrosis in HBeAg-positive, HBeAg-negative and total patients. HBeAg: Hepatitis e antigen.

Table 1 Baseline demographic and clinical characteristics of all subjects with normal alanine aminotransferase level
All (n = 155)

HBeAg-positive (n = 86)

HBeAg-negative (n = 69)

39.7 ± 9.9
84 (54.2)
5.8 ± 2.1
5.9 ± 3.1
190.08 ± 62.9
26.0 ± 8.7
24.6 ± 6.6
68.1 ± 20.1
21.8 ± 14.6
13.6 ± 6.7
11.4 ± 1.1
19.1 ± 1.7
1.7 ± 0.4
70.2 ± 14.6
8.7 ± 14.1
27.2 ± 4.3
45.6 ± 4.0

42.9 ± 8.9
52 (60.9)
4.3 ± 1.4
5.9 ± 4.4
182.29 ± 57.7
25.0 ± 9.2
24.1 ± 6.1
67.1 ± 17.2
21.1 ± 11.9
13.6 ± 7.5
11.4 ± 1.0
18.8 ± 1.8
1.8 ± 0.4
70.0 ± 15.2
6.3 ± 6.0
26.9 ± 4.1
46.7 ± 4.0

37.2 ± 9.9
34 (48.8)
6.9 ± 1.9
5.8 ± 1.5
196.3 ± 66.5
26.8 ± 8.1
25.1 ± 7.0
68.9 ± 22.2
22.3 ± 16.5
13.6 ± 6.1
11.4 ± 1.4
19.3 ± 1.5
1.7 ± 0.4
70.4 ± 14.2
10.7 ± 17.9
27.5 ± 4.4
44.5 ± 3.9

Age (yr)
Male, n (%)
HBV DNA (logIU/mL)
WBC (109/mL)
PLT (109/mL)
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)
TB (g/L)
PT (s)
TT (s)
A/G ratio
Cr (μmol/L)
TBA (μmol/L)
GLB (g/L)
ALB (g/L)

A/G ratio: Albumin to globulin (A/G) ratio; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr:
Creatinine; GGT: Gamma-glutamyl transpeptidase; GLB: Globulin; PT: Prothrombin time; TB: Total bilirubin; TBA: Total bile acid; TT: Thrombin time.

years group; however, there was again no statistical
significance to the observed difference (P = 0.199; P =
0.707, separately).
Demographic and clinical characteristics of subjects
with and without marked hepatic histological changes
are presented in Table 2. Patients with significant liver
necroinflammation had higher ALT and AST values
(both, p < 0.01) and lower PLT values (p = 0.016)
compared to patients without necroinflammation.
Patients with marked liver fibrosis had higher AST, ALP,
GGT and TBA values (P = 0.012, 0.004, 0.000 and
0.002, respectively) and lower PLT value (p = 0.001)
compared to those without fibrosis.
Clinical parameters that may function as predictors
for marked liver necroinflammation and fibrosis were
identified by univariate and multivariate analyses
(Table 3). Univariate analysis showed that PLT (P =
0.030), ALT (P = 0.009) and AST (P = 0.002) were

WJG|www.wjgnet.com

independently associated with marked liver infla
mmation. Multiple logistic regression analysis with
stepwise forward selection identified AST (P = 0.007 <
0.05) as a possible independent predictor for marked
liver inflammation (OR = 1.682, 95%CI: 0.791-0.913).
The area under receiver operating characteristic curve
(AUROC) for AST was 0.852, a 22.5 U/l AST cutoff value for predicting moderate necroinflammation
(Knodell activity index HAI ≥ 7) had 86.7% sensitivity
and 82.5% specificity (Figure 5A). PLT (P = 0.003),
AST (P = 0.036), ALP (P = 0.006), GGT (P = 0.007)
and TBA (P = 0.048) were independently associated
with marked liver fibrosis by univariate logistic re
gression analysis, and multiple logistic regression
analysis showed PLT (P = 0.008, OR = 0.688, 95%CI:
0.854-0.955) and GGT (P = 0.036, OR = 1.453,
95%CI: 0.856-0.963) levels as possible independent
predictors for marked liver fibrosis. The AUROCs for
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A
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C

D

100 μm

Figure 2 Characteristics of marked hepatic necroinflammation and fibrosis. A: Piecemeal necrosis; B: Multi-site focal necrosis; C: The Rosette structure; D:
Bridging fibrosis with Masson-trichrome straining.

B

40

30
HBeAg-positive
HBeAg-negative
All

30
25
20
15
10
5

20
15
10
5

×

UL
T

≤

T
AL

>

0.
5

0.
5

×

×
0.
5
>
T
AL

UL

N

N
UL

N
UL
×
0.
5
≤

T

N

0

0

AL

HBeAg-positive
HBeAg-negative
All

25

AL

Percentage of significant fibrosis

35

Percentage of significant fibrosis

A
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PLT and GGT were 0.905 and 0.909; and, when 171.5
9
× 10 /ml for PLT and 21.5 U/l for GGT were used
as the cut-off values for predicting moderate fibrosis
(Ishak fibrosis score ≥ 3), there were 81.8% and
80.0% sensitivity and 86.7% & 82.5% specificity,
respectively (Figure 5B and C).

that 36.5% and 15.5% of them had marked liver
necroinflammation and fibrosis, respectively. Thus,
nearly one-third of these patients experienced liver
[12]
injury despite PNALT. Tan et al
reported only 9.8%
necroinflammation and 12.1% fibrosis in Chinese
CHB patients whose ALT levels were persistently
normal. However, our findings were consistent
with another previous study, in which 37% of CHB
patients with PNALT levels were found to have marked
[13]
necroinflammation and fibrosis in the livers . Yet other
studies have further suggested that CHB patients with

DISCUSSION
In this study, we performed liver biopsies on 115
chronically infected HBV patients with PNALT and found

WJG|www.wjgnet.com
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Figure 4 Percentages of liver biopsies with marked necroinflammation and fibrosis categorized by age. A: Percentages of marked necroinflammation in
different age groups; B: Percentages of marked fibrosis in different age groups. HBeAg: Hepatitis e antigen.
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normal ALT levels have an increased risk of long-term
[14,15]
cirrhotic complications and HCC
. Published studies
suggest that ALT may not be an effective marker for
hepatic injury in selecting patients for antiviral therapy,
since serum ALT levels may fail to indicate liver injury
under certain circumstances.
The American Association for the Study of Liver
Diseases notes that the ULN ALT range increases from
childhood through adulthood, especially in males,
and that the upper limit is about 10% higher in men
[2]
aged 40 years compared to those at 25 . Some
scholars have questioned whether the current upper
[16]
limit of ALT should be lowered. Prati et al suggested
lowering it to 30 U/L for men and 19 U/L for women.
An Asian study based on 1105 healthy individuals also
concluded the ULN of ALT level should be lowered to
[17]
33 U/L for men and 25 U/L for women . In addition,
patients with ALT above 1.5 × ULN (defined as 53 U/L
for males and 36 U/L for females in that study) were
[14]
already at increased risk for cirrhotic complications .
Thus, patients with ALT at the ULN will likely
experience liver injury.

WJG|www.wjgnet.com

A number of studies have shown no significant
differences in marked liver necroinflammation and
fibrosis among patients with up to twice the ULN
[18,19]
of ALT
, suggesting that ALT is sometimes not
sensitive enough to indicate the extent of liver injury.
Our results suggest that a majority of patients
aged 41-50 had marked liver necroinflammation
and fibrosis. A likely explanation for age-associated
increase in liver injury is that liver injury in patients
with PNALT occurs on a small scale that may not cause
ALT elevation, even though the accumulation of liver
injury over decades can lead to significant alterations
[20]
in liver histology . However, in our study, prevalence
of liver damage appeared to decline in those 50 and
older.
No difference was noted in the percentages of
liver necroinflammation and fibrosis between HBeAgpositive and -negative subgroups (p > 0.05). Similar
percentages of fibrosis in these groups suggest that
fibrosis observed in the HBeAg-negative patients was
likely carried over from the HBeAg-positive phase.
The similar percentages of necroinflammation in these
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Table 2 Demographic and clinical characteristics of carriers with and without significant liver changes
Significant necroinflammation
No significant
P value
(n = 42)
necroinflammation (n = 113)
Age (yr)
Male, n (%)
HBV DNA (logIU/mL)
WBC (109/mL)
PLT (109/mL)
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)
TB (g/L)
PT (s)
TT (s)
A/G ratio
Cr (μmol/L)
TBA (μmol/L)
GLB (g/L)
ALB (g/L)

40.0 ± 9.3
13
6.0 ± 2.0
6.2 ± 5.7
170.2 ± 58.4
29.6 ± 8.8
27.5 ± 6.0
70.4 ± 25.0
25.8 ± 19.4
14.1 ± 6.9
11.6 ± 1.0
19.4 ± 1.7
1.8 ± 0.4
66.7 ± 14.6
9.0 ± 8.1
26.5 ± 4.3
45.1 ± 3.4

39.7 ± 10.1
79
5.7 ± 2.2
5.7 ± 1.4
197.5 ± 63.2
24.6 ± 8.3
23.6 ± 6.0
67.2 ± 17.9
20.3 ± 12.1
13.4 ± 6.7
11.3 ± 1.2
19.0 ± 1.6
1.7 ± 0.4
71.5 ± 14.4
8.7 ± 15.7
27.5 ± 4.2
45.8 ± 4.2

0.854
0.417
0.368
0.560
0.016
0.001
0.004
0.463
0.423
0.538
0.100
0.235
0.173
0.070
0.900
0.183
0.335

Significant fibrosis No significant fibrosis
(n = 24)
(n = 131)
41.3 ± 10.3
20
5.6 ± 2.0
4.9 ± 1.2
150.3 ± 51.1
29.7 ± 8.0
27.8 ± 6.4
78.7 ± 29.4
33.9 ± 25.4
16.0 ± 7.2
11.7 ± 1.0
19.2 ± 1.8
1.7 ± 0.3
71.8 ± 14.2
16.8 ± 30.5
27.3 ± 3.9
44.2 ± 3.5

39.5 ± 9.8
23
5.8 ± 2.1
6.0 ± 3.3
197.4 ± 62.3
25.3 ± 8.6
24.1 ± 6.6
66.1 ± 17.3
19.6 ± 10.3
13.2 ± 6.6
11.3 ± 1.2
19.1 ± 1.6
1.8 ± 0.4
69.9 ± 14.7
7.3 ± 7.4
27.2 ± 4.3
45.9 ± 4.1

P value
0.416
0.505
0.733
0.117
0.001
0.116
0.012
0.004
0.000
0.057
0.152
0.776
0.700
0.557
0.002
0.915
0.058

A/G ratio: Albumin to globulin (A/G) ratio; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr:
Creatinine; GGT: Gamma-glutamyl transpeptidase; GLB: Globulin; PT: Prothrombin time; TB: Total bilirubin; TBA: Total bile acid; TT: Thrombin time.

Table 3 Univariate and multivariate logistic regression analysis of risk factors of significant necroinflammation and fibrosis

Age (yr)
Male
HBV-DNA (logIU/mL)
WBC (109/mL)
PLT (109/mL)
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)
TB (g/L)
PT (s)
TT (s)
A/G ratio
Cr (μmol/L)
TBA (μmol/L)
GLB (g/L)
ALB (g/L)

Significant necroinflammation
Univariate
Multivariate
OR (95%CI)
P value
OR (95%CI)
P value
0.994 (0.949, 1.042)
0.812
1.351 (0.530, 3.440)
0.529
1.249 (0.978, 1.595)
0.075
0.907 (0.648, 1.269)
0.569
0.990 (0.980, 0.999)
0.03
1.081 (1.020, 1.147)
0.009
1.590 (1.502, 1.651)
0.0002 1.682 (1.613, 1.704)
0.007
1.018 (0.994, 1.042)
0.139
1.021 (0.993, 1.050)
0.151
0.988 (0.921, 1.059)
0.723
1.683 (0.941, 3.009)
0.079
1.235 (0.945, 1.615)
0.122
2.053 (0.570, 7.393)
0.271
0.974 (0.941, 1.009)
0.143
1.063 (0.998, 1.131)
0.057
0.953 (0.862, 1.053)
0.345
0.931 (0.836, 1.036)
0.191

Significant fibrosis
Univariate
OR (95%CI)
1.003 (0.968, 1.040)
1.346 (0.656, 2.760)
1.078 (0.910, 1.276)
0.611 (0.359, 1.039)
0.692 (0.646, 0.709)
1.059 (0.985,1.139)
1.091 (1.006, 1.185)
1.051 (1.015, 1.089)
1.524 (1.491, 1.587)
1.025 (0.945, 1.112)
2.022 (1.012, 4.042)
1.294 (0.948, 1.768)
0.580 (0.099, 3.394)
1.000 (0.957, 1.046)
1.065 (1.001, 1.133)
1.001 (0.877, 1.143)
0.923 (0.805, 1.058)

P value
0.120
0.418
0.385
0.069
0.003
0.121
0.036
0.006
0.007
0.547
0.083
0.105
0.546
0.997
0.048
0.986
0.250

Multivariate
OR (95%CI)
P value

0.688 (0.641, 0.723)

0.008

1.453 (1.406, 1.511)

0.036

A/G ratio: Albumin to globulin (A/G) ratio; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr:
Creatinine; GGT: Gamma-glutamyl transpeptidase; GLB: Globulin; PT: Prothrombin time; TB: Total bilirubin; TBA: Total bile acid; TT: Thrombin time.

two groups were a surprise, suggesting a portion of
HBeAg-negative patients were experiencing the liver
injury as reported in HBeAg-negative patients who had
pre-core stop mutations accompanied by high level of
HBV replication and elevated liver injury. Data from
published studies have failed to yield consensus on this
[21]
issue. For instance, Chao et al
reviewed 9 studies
(n = 830) and found that Asian CHB patients with ALT
levels ≤ 40 U/L had significant fibrosis, irrespective
of HBeAg status. Another study found that significant
histological changes in the liver were rare in HBeAg[22]
negative patients with PNALT levels .
We also analysed correlations of biochemical and
virological parameters with liver necroinflammation

WJG|www.wjgnet.com

and fibrosis. It appeared that a higher AST level may
predict significant necroinflammation. This correlation
was in agreement with the report that AST level can
accurately reflect the extent of liver necroinflammation
[23]
in HBeAg-positive CHB patients .
In this study, lower PLT count and elevated GGT
were independently associated with marked fibrosis (P
= 0.008 and 0.036, respectively). These findings were
consistent with previous studies in which decreased
PLT counts were accompanied by liver fibrosis among
[24-26]
CHB patients
, due largely to decreased production
of thrombopoietin by the reduced number of functional
[27]
hepatocytes . As reported, serum GGT levels can
[28]
be an independent predictor for liver fibrosis . Our
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Terminology

findings were consistent with a previous study that
showed both PLT count and GGT correlated with sig
[29]
nificant fibrosis .
There were a few limitations in our study. First,
this was a retrospective cross-sectional study that
introduced selection bias. Second, the size of our
cohort was small; however, CHB patients with PNALT
do not routinely undergo liver biopsy, and some
patients were reluctant to accept such an invasive
procedure. Thus, the 115 patients in our study should
be an appropriate size in this regard. We plan to
screen for possible prognosis markers from the serum
and tissues of the PNALT-CHB patients with molecular
and proteomic tools, and then to combine these
findings with the clinical parameters to achieve better
prediction of prognosis.
In summary, we found that nearly one-third of CHB
patients with PNALT had significant alterations in their
liver histology, including prominent necroinflammation
and fibrosis. We further found that patients with lower
normal ALT level and HBeAg negativity were more
likely to have liver injury, and that most patients
with significant pathological changes in their livers
were 41-50 years old. Higher AST may help indicate
liver injury. Our results imply: (1) the current ULN
of ALT is too high to sensitively indicate liver injury if
which occurs on a small scale; (2) CHB patients with
PNALT should be screened for liver injury, and higher
than 22.5 IU/L and 21.5 IU/L of AST and GGT, and
9
lower than 171.5 × 10 /ml of PLT can be used as an
additional reference for selection of patients for liver
biopsy to confirm liver injury; and (3) if patients with
PNALT do have severe liver injury confirmed by liver
biopsy, they should be given appropriate therapy to
prevent further progression of liver disease.

CHB patients with PNALT represent a specific group of CHB patients who
persistently show normal ALT level during long clinical course.

Peer-review

The data presented in the report are very suggestive of a new “reformulation”
of liver injury in CHB patients. The paper deals with an interesting approach to
CHB patients and liver damage.
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Abstract

Institutional review board statement: This case report
was exempt from the Institutional Review Board standards at
Fondazione IRCCS Policlinico San Matteo.

Transjugular intrahepatic portosystemic shunt (TIPS)
placement is a standard procedure for the treatment
of portal hypertension complications. When this con
ventional approach is not feasible, alternative pro
cedures for systemic diversion of portal blood have

Informed consent statement: The patient’s parents involved
in this study gave their written informed consent authorizing use
and disclosure of their protected health information.
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been proposed. A one-step interventional approach,
combining minilaparotomy-assisted transmesenteric
(MAT) antegrade portal recanalization and TIPS, is
described in an adolescent with recurrent esophageal
varice bleeding and portal cavernoma (PC). A 16-yearold girl was admitted to our Unit because of repeated
bleeding episodes over a short period of time due to
esophageal varices in the context of a PC. A portal vein
recanalization through an ileocolic vein isolation with
the MAT approach followed by TIPS during the same
session was performed. In the case of failed portal
recanalization, this approach, would also be useful
for varice endovascular embolization. Postoperative
recovery was uneventful. Treatment consisting of
propanolol, enoxaparin and a proton pump inhibitor
was prescribed after the procedure. One month
post-op, contrast enhanced computed tomography
confirmed the patency of the portal and intrahepatic
stent grafts. No residual peritoneal fluid was detected
nor opacification of the large varices. Endoscopy
showed good improvement of the varices. Doppler
ultrasound confirmed the accelerated flow in the portal
stent and hepatopetal flow inside the intrahepatic portal
branches. Three months post-op, TIPS maintained
its hourglass shape despite a slight expansion. Portal
hypertension and life threatening conditions related to
PC would benefit from one-step portal recanalization.
MAT-TIPS is feasible and safe for the treatment of PC
even in children. This minimally invasive procedure
avoids or delays surgical treatment or re-transplantation
when necessary in pediatric patients.

INTRODUCTION
Portal cavernoma (PC) is a critical condition with a
risk of variceal hemorrhage in pediatric patients.
Approximately 80% of patients with PC, present
with at least one episode of upper gastrointestinal
[1]
bleeding . Cavernous transformation of the portal vein
consists in the development of a network of tortuous
collateral vessels that bypass the obstructed area due
to chronic portal vein thrombosis (PVT) events. Slow
blood flow through this tortuous network of veins,
redistribution of blood, and new thromboses all con
[2-4]
tribute to increased portal vein pressure
. In the
majority of affected patients, portal hypertension may
develop with esophagogastric varices, splenomegaly
and even biliary abnormalities. Given the complexity
and rarity of PC, different surgical techniques, such
as various portosystemic shunts and gastrosplenic
decompression, have been proposed to prevent and
treat variceal hemorrhage, thrombosis recurrence and
[5,6]
symptoms related to portal biliopathy .
Minilaparotomy-assisted transmesenteric (MAT)
[7]
alone for antegrade portal recanalization or combined
with transjugular or transfemoral intrahepatic porto
systemic shunt placement has been described as a
[8,9]
useful technique in adults with a patent portal vein .
This minimally invasive approach could be extended
to include pediatric patients when the patency of the
PC is difficult to manage. Here we present the case of
a 16 year-old girl with multiple upper gastro-intestinal
(GI) bleeding events due to oesophageal varices in the
context of a PC, treated with a new hybrid approach.

Key words: Portal cavernoma; Pediatrics; Transjugular
intrahepatic portosystemic shunt; Minilaparotomyassisted transmesenteric

CASE REPORT

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

A 16-year-old girl was admitted to the Pediatric
Surgery Unit for abdominal pain and hematemesis.
Her clinical history was normal until three months
before, when she started experiencing GI bleeding.
The girl was diagnosed in her home country as having
esophageal varices and PVT in the context of a PC.
There was no familial or personal history of coagulation
disorders, nor was the patient cirrhotic. The only risk
factor for PC, was an umbilical catheterization at birth
following a pre-term emergency cesarean delivery. A
first sclerotherapy treatment was done two months
before the admission to our Institution and the patient
was treated with propanolol.
Clinical evaluation of the patient showed normal
cardiovascular parameters, blood values were as
follows: (Hb 11.1 g/dL), no signs of hepatitis (negative
serology for viral hepatitis) or liver abnormalities
(GOT 22 mU/mL, GPT 26 mU/mL, GGT 14 mU/mL);
ammonium was normal, (49 μg/dL); no signs of
3
cholangitis were recorded (WBC 7.7 × 10 /μL, PCR
0.57 mg/dL, alkaline phosphatase 57 mU/mL, total
bilirubin 1.93 mg/dL, direct bilirubin 0.59 mg/dL).
The abdominal ultrasound examination confirmed

Core tip: We present the first successful hybrid
intervention used to treat a portal cavernoma causing
recurrent bleeding in a young girl: one step mini
laparotomy-assisted transmesenteric anterograde
portal recanalization and transjugular intrahepatic
portosystemic shunt (TIPS). The combined approach
allows direct varices embolization, restores hepatopetal
portal flow, in turn preserving the portal stent graft
patency by means of the TIPS placement. It is a
minimally invasive procedure that can be utilized to
avoid or delay surgical treatment or transplantation.
Pelizzo G, Quaretti P, Moramarco LP, Corti R, Maestri M,
Iacob G, Calcaterra V. One step minilaparotomy-assisted
transmesenteric portal vein recanalization combined with
transjugular intrahepatic portosystemic shunt placement: A novel
surgical proposal in pediatrics. World J Gastroenterol 2017;
23(15): 2811-2818 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i15/2811.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i15.2811
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Figure 1 Axial computed tomography. Portal cavernoma, enlarged spleen,
and large varices.

Figure 3 Minilaparotomy-assisted transmesenteric pre-dilation with 0.018’
guide wire inserted 8 mm into the portal trunk after portal cavernoma
recanalization with hydrophilic guide wire.

intervention, and after being informed on the nature
of the intervention, the patient’s parents gave written
consent to endovascularly treat the PC by inserting
a portal stent followed by TIPS to stop the variceal
bleeding and readdress the portal flow to the liver.
Under general anesthesia, the right neck and
the entire abdomen were sterilely prepared for both
minilaparotomy and jugular access. A transverse minila
parotomy of the right lower abdomen and isolation of
the ileocolic vein were facilitated by the insertion of a 6
Fr sheath to access the superior mesenteric vein.
Venography of the patent superior mesenteric vein
with 16 mL (Visipaque 270 mgI/dL, GE, United States)
nonionic contrast medium (CM) diluted with saline,
confirmed the occlusion of the main trunk of the portal
vein with intrahepatic portal branches (lately opacified
through tiny collateral vessels), the patency of the
splenic vein and an abnormal varicose gastric trunk
(Figure 2).
Through a 5Fr angled catheter (Van Schie, Cook,
Bloomington, United States) a 0.035’ hydrophilic guide
wire (Terumo, Tokyo, Japan) was gently advanced
across the PC until an intrahepatic portal branch
was reached. Then the hydrophilic guide wire was
replaced with a 0.018’ guide wire (V18, Boston Sc,
United States). With the distal tip in the right portal
branch, multiple dilations (6 and 8 mm in width) of
the occluded portal trunk were made (Figure 3). Due
to the competitive high hepatofugal flow in the gastric
varices, catheterization of the varicose trunk with a
6 Fr guiding catheter was performed. Two Amplatzer
plugs (S.Jude, Type Ⅲ, 6 mm and 10 mm) were released
under fluororscopy in the proximal part of the large
varicose vein. Venography revealed the occlusion of
the hepatofugal flow (Figure 4).
At this point, we proceeded with the right trans
jugular approach for the insertion of the intrahepatic
portosystemic shunt. Once the right hepatic vein was
catheterized, entry into the right portal branch was
facilitated by antegrade CM flushing through the transmesenteric catheter introducer. After positioning a

Figure 2 Trans-mesenteric portal venography. Showing patent superior
mesenteric and splenic veins, large left gastric varicose veins; portal cavernoma
and patent intrahepatic portal branches.

the presence of a PC, an enlarged spleen (14 cm
longitudinal diameter) and no ascites. The angio
CT-scan evaluation confirmed the presence of a PC
involving the main portal trunk, extending 3 cm. (Figure
1), sparing the spleno-mesenteric confluence. Splenic
and mesenteric venous flow were maintained through
the enlarged hepatofugal left gastric vessel. The upper
gastrointestinal endoscopy evidenced multiple third
degree varices with bleeding cherry red spots requiring
immediate treatment with endoscopical ligature.
One month later, massive upper gastrointestinal
bleeding re-occurred and her hemoglobin level de
creased from 12.4 to 8.4 g/dL. Considering the patient’
s history and the number of bleeding episodes over a
short period of time, the indication for a portosystemic
shunt was discussed. The multidisciplinary team,
including pediatric surgeons, interventional radiologists,
and pediatric gastroenterologists agreed upon the
choice to perform a portal vein recanalization through
ileocolic vein isolation with a MAT approach, followed by
transjugular intrahepatic portosystemic shunt (TIPS)
during the same session. In the case of failed portal
recanalization, this approach, would also be useful
for varice endovascular embolization and serve as a
[10]
bridge for a delayed mesorex procedure . Prior to the
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Figure 4 Venography with injection into the splenic vein after left gastric
vein embolization and portal trunk pre-dilation. No residual flow in varices.
Guiding catheter parallel to the safety wire in the portal trunk.

Figure 5 Follow-up angiography. Hepatopetal flow in the right portal branch.
Hourglass shape of the under-dilated transjugular intrahepatic portosystemic
shunt. Free fluid around the liver (before removal with suction and sponges).

guide wire into the splenic vein, portography with a
pigtail catheter was performed. After pre-dilation of
the intrahepatic tract with a 6mm balloon, the patient
suddenly became hypotensive. Portography revealed
a minor extrahepatic leakage of the CM near the hilum
(probably due to an extrahepatic puncture of the portal
bifurcation).
A Viatorr stent graft (10 mm × 70 mm, Gore,
Flagstaff, AZ) was promptly released into the portal
vein, with the leading two centimeters of open mesh
at the splenomesenteric confluence. Subsequently, a
second Viatorr stent graft (10 mm × 80 mm, Gore,
Flagstaff, AZ) was inserted to bridge the portal vein
with the inferior vena cava. The leading portion of
the open mesh was left partially overlapping with
the first stent graft, paying attention to preserve the
portal branch outflow. Therefore, the portal stent
graft was entirely dilated to 9 mm as well as the distal
overlapping portion of the transhepatic stent. The
intraparenchymal tract of the liver stent graft was
dilated to 6 mm, yielding an hourglass-like shape, in
[11]
order to avoid shunt overflow . Following stabilization
of the patient’s hemodynamic values, the angiography
confirmed that the portal perihilar leak had been
repaired.
A follow-up angiography showed rapid hepatopetal
flow to the right atrium through the TIPS with preserved
patency of the portal branches and no residual
hepatofugal filling of the gastric varices (Figure 5). The
portosystemic pressure gradient was reduced posto
peratively from 22 to 12 mmHg.
After the procedure, fluoroscopy revealed a peri
hepatic fluid layer. The patient was hemodynamically
stable. Through the minilaparotomy the peridia
phragmatic fluid was carefully cleaned. Abdominal
suturing, measuring 3 cm in length, was performed
with 3.0Vicryl running stitches.
Postoperative recovery was uneventful. No blood
transfusion was necessary. No encephalopathy episodes
were observed. The girl was discharged 15 d after the
surgery. Therapy consisting of propranolol and a proton

pump inhibitor was prescribed for three consecutive
months after the procedure. One month later, a contrast
enhanced CT confirmed the patency of the portal and
intrahepatic stent grafts. No residual peritoneal fluid
was detected nor opacification of the large varices. The
TIPS maintained its hourglass shape despite a slight
expansion Figure 6A and B). The serum ammonia level
was 55 µmol/L. The upper gastrointestinal endoscopy
showed good improvement of the varices, reclassified
as second degree with no cherry red spots. Doppler
ultrasound confirmed the accelerated flow through the
portal stent with a peak systolic velocity of 34 cm/s and
hepatopetal flow inside the intrahepatic portal branches.
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DISCUSSION
We present the first successful treatment of PC causing
recurrent gastro-esophageal varice bleeding in a young
girl with a novel hybrid approach: MAT antegrade portal
recanalization combined with TIPS in a single session.
Esophageal varices are the most frequent cause
of upper gastrointestinal bleeding in portal hyper
tension. PC is a common cause of secondary portal
[12,13]
hypertension and bleeding in non cirrhotic children
and it is characterized by an extended network of
small and extremely sinuous vessels in the hilum
which compensate for the impaired hepatopetal flow,
resulting from a PVT event. The causes of PVT in non
cirrhotic patients can be divided into four different
groups: direct injury to the portal vein and consequent
thrombus formation and obstruction, as occurs in
omphalitis or in umbilical catheterization; congenital
malformation of the portal system associated with
other cardiovascular disorders; coagulation disorders;
and idiopathic PVT.
PVT clinical presentation is different in the context of
acute or chronic onset and depends on the development
and extent of the collateral circulation. Intestinal
congestion and ischemia, with abdominal pain, diarrhea,
rectal bleeding, abdominal distention, nausea, vomiting,
anorexia, fever, lactacidosis sepsis, and splenomegaly
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A

B

Figure 6 Computed tomography MIP multiplanar coronal reconstruction at 1 mo follow up (A and B). A: Residual waist of the TIPS stent, regular portal
liver perfusion and preservation of splenic and superior mesenteric venous flow. No residual free fluid in the perihepatic space; B: Volume rendering 3D computed
tomography reconstruction: varice exclusion and global perspective of the regular portal flow.
[26]

of portal blood has been reported .
PVT is also a complication that may occur after
liver transplantation in adults and children. To improve
graft survival and avoid patient compromise, a
combined technique for PV recanalization, in cases
of PV obstruction after liver transplantation has been
described. PV recanalization is promoted through a
combined approach (transhepatic and minilaparotomy)
with the aim of re-establishing portal flow, which can
be followed postoperatively with Doppler US evaluation.
The transhepatic retrograde access in combination
with a minilaparotomy is an option when percutaneous
recanalization is unsuccessful, as in the case of exten
[27,28]
sive portomesenteric thrombosis
.
The TIPS-MAT combination is described in the
literature, using a combination of transjugular or
transfemoral access to the hepatic vein combined with
transmesenteric access to the patent portal system with
[8,9]
a minilaparotomy . This combination is considered a
reasonable alternative to the conventional technique,
particularly in patients in whom a conventional approach
[29]
is technically challenging . MAT portal recanalization
[7]
has been described by Matsui et al . They performed a
trans-mesenteric recanalization of a thrombosed main
portal trunk followed by a portal stenting in a patient
with alcoholic cirrhosis. Five days post-op, a portal
thrombosis abruptly occurred. The authors were obliged
to recanalize the portal system from a transjugular
route targeting with the needle the bare metal stent
placed in the right portal branch. Finally TIPS was
[7]
performed .
A retrospective review of all adult patients who
have undergone a MAT compared with the conventional
TIPS procedure over a 6-year period showed similar
shunt primary patency and technical success rates; the
MAT approach, more frequently adopted in patients
referred for refractory ascites, was associated with
a significantly higher rate of minilaparotomy-related
[29]
wound or infectious complications .
In children, portosystemic shunt procedures typically
lead to a decrease in portal flow over time and may
impair the structure and function of the liver; which

are common features of acute PVT. In contrast, chronic
PVT can be completely asymptomatic or characterized
by splenomegaly, pancytopenia, varices, and rarely,
[5]
ascites . The abdominal ultrasound with Doppler/
power-Doppler examination is the investigation of
choice in PVT diagnosis, with a sensitivity and specificity
[14]
ranging between 60% and 100% . It can reveal the
presence of solid, hyperechoic material in a distended
portal vein or its tributaries, the presence of collateral
vessels or a cavernoma. Doppler imaging can confirm
the absence of flow in part or all of the vessel lumen;
[15-17]
and, if present, a cavernomatous transformation
.
Multiphase CT, identifying characteristic changes
involving the portal trunk, can confirm the diagnosis,
by demonstrating numerous vascular structures in the
region of the portal vein, which are enhanced during the
portal venous phase, and not during the arterial phase.
MRI is also a proven method for imaging the portal
venous system and may be used as a complementary
or alternative modality to CT.
Although spontaneous resolution of PVT has
been reported in the literature, specific therapeutic
management is mandatory to resolve portal vein
[18,19]
obstruction and avoid serious complications
. The
correction of causal factors, prevention of thrombosis
extension and achievement of portal vein patency are
considered the goals of PVT treatment. However, in
case of long standing thrombosis, the management
of complications related to the appearance of portal
[20]
hypertension should be considered .
In adult patients, TIPS placement is considered
the standard procedure for treatment of portal hy
[21]
pertension
unresponsive to medical and endoscopic
treatment. PC was initially considered a contraindication
to TIPS placement. Recently, this procedure has been
revisited and is now considered feasible in selected
[22,23]
patients with portal thrombosis
. When the con
ventional transjugular hepatic vein to portal vein
[8,9,24,25]
approach is not feasible
, alternative radiological
approaches as well as transhepatic, transplenic and
trans-mesenteric have been described. Surgical
portosystemic shunt placement for systemic diversion
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over a short period of time due to esophageal varices and portal hypertension
in the context of a portal cavernoma (PC).

in turn may result in long-term complications such as
hepatic encephalopathy (due to hyperammonemia)
or hepato-pulmonary syndrome. For this reason,
selective shunts, as opposed to central portosystemic
shunts, have become preferable for treating portal
[30-32]
hypertension in the pediatric age
. The Meso-Rex
shunt procedure, first described in 1992 by de Ville de
[33]
Goyet et al
for the treatment of extrahepatic portal
vein obstruction in pediatric liver transplant patients,
provides more physiological relief of portal hypertension
compared with porto-systemic shunts.
The one-step TIPS-MAT technique has never
been described in the pediatric population nor in non
[34]
cirrhotic patients with portal hypertension or PC .
In our young patient with PC, the MAT recanalization
of the cavernoma associated with MAT varices em
bolization was followed in the same session by TIPS
placement. Simultaneous TIPS placement reduces
[7]
early portal stent thrombosis risk , and is indicated in
subjects with coagulation disorders; where it decreases
peripheral resistance and increases blood flow velocity
in the portal system thereby permitting easy access to
the portal vein for any further treatment. For instance,
calibration of the TIPS diameter during the patient’s
lifetime could become a therapeutic option that
could be applied for encephalopathy. Furthermore,
a dedicated ePTFE stent graft such as Viatorr (Gore,
Flagstaff, United States) ensures superior patency.
This device requires advancement of a 10 Fr sheath
through the target vessel and its release. It seems
likely to be risky performing a portal stenting alone by
transmesenteric approach with Viatorr.
In case of PV obstruction in the pediatric age, this
combined approach could preserve portal flow and avoid
impairment of liver function related to portosystemic
shunt placement. MAT portal recanalization associated
with direct varices embolization and TIPS may be
considered a feasible and safe treatment for PC reducing
portal hypertension and life-threating relapsing bleeding
ss. It is a minimally invasive procedure and can be used
to avoid or delay surgical treatment, or transplantation.
Consequently, recent experience and technical
improvements encourage the application of this
technique in the management of pediatric patients
with non cirrhotic portal hypertension. The use of this
procedure in conjunction with other strategies and
techniques might be of interest for a multidisciplinary
team, particularly those caring for children, in order
to expand the indications for this procedure before
resorting to surgery.

Clinical diagnosis

Recurrent massive upper gastrointestinal bleeding due to esophageal varices.

Differential diagnosis

Portal hypertension in non-cirrhotic patients may result from direct injury to the
portal vein and consequent thrombus formation and obstruction; congenital
malformation of the portal system associated with other cardiovascular
disorders, schistosomiasis, coagulation disorders, or idiopathic portal vein
thrombosis (PVT).

Laboratory diagnosis

Hemoglobin level decrease from 12.4 to 8.4 g/dL, no signs of hepatitis or liver
abnormalities or cholangitis, normal ammonium level, normal coagulation
parameters, no thrombophilic gene mutations.

Imaging diagnosis

Angio CT-scan evaluation confirming the presence of a PC involving the main
portal trunk, extending 3 cm, sparing the spleno-mesenteric confluence. Splenic
and mesenteric venous flow were maintained through the enlarged hepatofugal
left gastric vein. Upper gastrointestinal endoscopy evidenced multiple third
degree varices with bleeding cherry red spots.

Pathological diagnosis

PC involving the main portal trunk causing huge varices.

Treatment

Minilaparotomy-assisted transmesenteric (MAT) portal vein antegrade
recanalization and direct varices embolization combined in the same session
with transjugular intrahepatic portosystemic shunt placement (TIPS).

Related reports

The one-step TIPS-MAT technique and direct varices embolization has never
been described in the pediatric population nor in non-cirrhotic patients with
portal hypertension or PC.

Term explanation

MAT recanalization of the cavernoma associated with MAT varices embolization
was followed in the same session by TIPS placement. Simultaneous TIPS
placement reduces early and late portal stent thrombosis risk; where it
decreases peripheral resistance and increases blood flow velocity in the
portal system thereby permitting easy access to the portal vein for any further
treatment.

Experience and lessons

The combined approach allows direct varices embolization, restores the
hepatopetal portal flow, in turn preserving the portal stent graft by means of
the TIPS placement. It is a minimally invasive procedure that can be utilized to
avoid or delay surgical treatment or transplantation.

Peer-review

The MAT + TIPS (one step) is a relevant procedure, which is a therapeutic
option in patients with PVT.
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Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
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Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
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EDITORIAL

High throughput RNA sequencing utility for diagnosis and
prognosis in colon diseases
Mamie Gao, Allen Zhong, Neil Patel, Chiraag Alur, Dinesh Vyas
next generation sequencing technology to survey,
characterize, and quantify the transcriptome of a
genome. RNA sequencing has been used to analyze the
pathogenesis of several malignancies such melanoma,
lung cancer, and colorectal cancer. RNA sequencing
can identify differential expression of genes (DEG’s),
mutated genes, fusion genes, and gene isoforms in
disease states. RNA sequencing has been used in
the investigation of several colorectal diseases such
as colorectal cancer, inflammatory bowel disease
(ulcerative colitis and Crohn’s disease), and irritable
bowel syndrome.
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Core tip: RNA sequencing is the use of high throughput
next generation sequencing technology to survey,
characterize, and quantify the transcriptome of a
genome. RNA sequencing has been used in the
investigation of several colorectal diseases such as
colorectal cancer, inflammatory bowel disease (ulcera
tive colitis and Crohn’s disease), and irritable bowel
syndrome.
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INTRODUCTION

Abstract

RNA Sequencing Basics: RNA sequencing is the
use of high throughput next generation sequencing

RNA sequencing is the use of high throughput
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technology to survey, characterize, and quantify the
[1]
transcriptome of a genome . In contrast to previous
methods, RNA sequencing utilizes sequencing
by synthesis technology to define the nucleotide
[2]
sequences and quantify RNA molecules in a sample .
Next generation sequencing (NGS) can process this
data in hours to days with high fidelity, making it
the preferred technique for RNA analysis amongst
[3]
many researchers . The utilization of this technology
in research and literature has been exploding in
popularity. There are many promising potential clinical
applications of RNA sequencing with recent discoveries
[4,5]
using RNA sequencing in many disease states .
Several commercial RNA sequencing kits are
available for any sample. Most follow similar processing
steps, but ultimately depend on experimental con
[6]
siderations . Total RNA, mRNA, and small RNA analysis
can be done with most kits. For mRNA isolation, poly(T)
primers attached to beads or magnets are used to
bind mRNA and isolate these strands. For small RNA
molecules or non-coding RNA, gel electrophoresis is
used to isolate these molecules. Total RNA isolation
[7]
utilizes a combination of these two techniques .
Adaptors are then ligated to the 5’ end, 3’ end, or both.
Once RNA is isolated, cDNA is generated, amplified,
and then fragmented. Some kits provide direct RNA
sequencing without the need to create cDNA. rRNA can
be removed since it makes up a significant proportion
of the total RNA but is of little research interest.

WJG|www.wjgnet.com

These samples are then sequenced through massive
parallel next generation sequencing technologies
that utilize sequencing by synthesis of short DNA
strands complimentary to the cDNA. Once the reads
are produced, software is available to analyze the
sequence reads and correspond the reads to portions
of the genome. Mapping gene fragments together
with sequencing analysis software can also produce de
novo transcriptome maps (Figure 1). Using the total of
number of reads for each gene product, proportional
[8]
gene expression can be quantified .
Advantages over previous attempts at transcriptome
investigation have prompted the recent increased
utilization of RNA sequencing. Two prominent tech
niques were available before NGS RNA sequencing.
Hybridization of cDNA probes attached to microarrays
allowed for transcriptome analysis but was limited
by the requirement for extensive knowledge of the
genome, transcription products, alternative splicing, and
exons. Resolution was also limited during attempts to
quantify gene expression because of background noise
produced by cross- hybridization. The other technology
was Sanger sequencing, which utilized chain termination
methods to determine nucleotide sequences. In contrast
to NGS, Sanger methods are more expensive, more
time consuming, and only limited portions of transcripts
[2,3,8]
could be analyzed
.
Both the discovery of non-coding RNA, such
as miRNA (miRNA), and the discovery of post-
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inflammatory bowel disease (ulcerative colitis and
Crohn’s disease), and irritable bowel syndrome (IBS).
RNA sequencing has been used to identify genomic
[14]
mutations such as fusion transcripts in colon cancer ,
[15,16]
as well as the pathogenesis of colorectal cancer
.
Attempts to discover a unique transcript marker for
[17,18]
colorectal cancer
and inflammatory bowel disease
have also been attempted for quicker diagnosis than
[19,20]
current screening methods
. RNA sequencing has
also been used to investigate treatment response for
[21]
rectal cancer . Alterations in transcriptional patterns
have also been observed in patients with irritable bowel
[22]
syndrome through RNA sequencing techniques .
Colorectal cancer (CRC) is the third most common
cancer among men and women, as well as the third
leading cause of death from cancer. It is estimated that
more than 50000 people died from colorectal cancer
in 2014. While screening methods have dramatically
dropped the mortality from CRC, prevention of disease
can be improved by diagnosing patients at an earlier
[23]
progression of disease . The genomic mutation
[24]
progression of CRC is well documented , but clinicians
are still left without a clear molecular disease marker. CRC
[25]
still poses a significant disease burden on public health .
Inflammatory bowel disease poses significant
morbidity, and even possible mortal complications,
to patients that are inflicted. Surgical intervention
is oftentimes needed to control disease or prevent
carcinoma from developing. An estimated 1.5 million
people in North America are inflicted with IBD. While
the incidence has recently been stabilizing in North
America and Europe, incidence has been increasing in
the Middle East and Asia. New molecular insights are
[26]
needed to find more effective diagnosis, prognosis ,
[27]
and treatments .
While irritable bowel syndrome poses less of a risk
to public health than colorectal cancer or inflammatory
bowel disease, it is one of the most common colorectal
diseases. It is estimated that as many as 20% of the
adult population may be inflicted. Despite IBS’s high
prevalence, diagnosis and treatment of this disease
[28]
still elude researchers .

Table 1 RNA markers in colorectal cancer and ulcerative
colitis
Name
miR-143
miR-20a
miR-21
miR-132
DANCR
miR-4299
miR-196b
miR-214

Level

Disease

Biomarker

Ref.

↓
↑
↑
↓
↑
↑
↓
↑

CRC
CRC
CRC
CRC
CRC
CRC
CRC
Active UC and CAC

Diagnosis
Diagnosis, prognosis
Diagnosis
Prognosis
Prognosis
Chemoresistance
Chemoresistance
Diagnosis, prognosis

[32]
[33,37]
[35]
[36]
[38]
[39]
[39]
[40]

The expression levels of several microRNAs are altered in colorectal
disease, specifically colorectal cancer and inflammatory bowel disease
compared to non-disease states. These microRNAs have been shown to be
biomarkers for several disease characteristics. CRC: Colorectal cancer; UC:
Ulcerative colitis.

transcriptional mRNA expression regulation has
necessitated the creation of an assay that survey these
small non-coding RNAs along with variant mRNAs with
[9]
high throughput and resolution . RNA sequencing
technology allows researchers to perform both those
tasks as well as quantifying RNA expression and thus
gene expression with a single assay. Because of the high
throughput nature of RNA sequencing, transcriptomes
can be analyzed and compared between time, different
tissue samples, and different environmental factors
such as disease states and pharmacologic interventions
in an efficient manner. Because of the possibility of
de novo transcriptome synthesis, prior genomic and
transcriptional knowledge of the sample is not needed,
allowing analysis and discovery of novel products.
The resolution of RNA sequencing also allows for the
identification of single nucleotide variants, novel posttranscriptional modification, novel alternative splicing
patterns, and non-coding RNA molecules that have not
been previously identified. RNA sequencing provides
an accurate quantification of mRNA expression as
[10-13]
compared with real-time PCR experiments
.
Using RNA sequencing, we can look at the molecular
basis for disease susceptibility, cancer pathogenesis/
progression, and response to therapy. RNA Sequencing
has been used to analyze the pathogenesis of
several malignancies such melanoma, lung cancer,
and colorectal cancer. RNA sequencing can identify
differential expression of genes (DEG’s), mutated
genes, fusion genes, and gene isoforms in disease
states. RNA sequencing has the potential for diagnostic
and therapeutic applications as well. Current research in
colorectal disease using RNA sequencing are unlocking
new discoveries that may help clinicians treating
patients with colorectal disease in the future.

RNA SEQUENCING FOR DIAGNOSIS AND
PROGNOSIS OF COLORECTAL DISEASES
Research shows that certain RNA sequences are
upregulated or downregulated in colorectal diseases,
opening the possibility of using RNA sequencing to
screen for, diagnose, and assess the prognosis of
[29]
colorectal cancers . Given the increase in treatment
[30,31]
resistance to standard chemotherapy regimens
,
RNA sequencing also allows for the detection of
those that are treatment resistant. Table 1 provides
a summary of the most recently studied markers in
colorectal cancer and ulcerative colitis.
[32]
Wang et al
provides a review of the various
diagnostic biomarkers that are altered including

COLORECTAL DISEASE AND RNA
SEQUENCING
RNA sequencing has been used in the investigation of
several colorectal diseases such as colorectal cancer,
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correlated with UC activity and disease duration and
could serve as a biomarker for identifying patients at
[40]
risk for malignant transformation .

Gene
therapy

RNA SEQUENCING FOR TREATMENT OF
COLORECTAL DISEASES
NATs

Treatment

ASOs

Through specific targeting, RNA sequencing allows
for the development of new therapeutic approaches
to colorectal diseases. The various RNA seq-based
approaches to therapy of various diseases include
[41]
gene therapy , natural antisense transcripts (NATs),
antisense oligonucleotides (ASOs), and plasmid based
therapy (Figure 2).
In terms of gene therapy techniques, Wang et
[42]
al
found that tumor suppressor long intergenic
non-coding RNA (lincR-p21), downregulated in CRC,
administered exogenously can suppress the stem-like
traits of colorectal cancer stem cells. An adenoviral
vector with the miRNA responsive element of miR-451
delivers the lincR-p21 into cells that have low miR-451
levels. This inhibits β-catenin signaling and attenuates
the viability, self-renewal, and glycolysis of CRC in
vitro. It also suppresses the self-renewal potential and
[42]
tumorigenicty of CRC in nude mice .
[43]
Davis et al
in 2010 entered phase 1 clinical trial
testing to systemically administer small interfering
RNA (siRNA) to patients with solid cancers using a
targeted, nanoparticle delivery system. The siRNA is
designed to reduce the expression of the M2 subunit of
ribonucleotide reductase RRM2.
Another treatment being studied is Resveratrol.
It has been found that Resveratrol, extracted from
Chinese herbal medicine Polygonum cuspidatum,
downregulates lncRNA MALAT1 which decreases
nuclear localization of β-catenin thus diminishing the
wnt/β-catenin signaling, ultimately inhibiting CRC
[44]
invasion and metastasis .
Phase 1 clinical trials have shown that CEQ508 is a
possible medical treatment for familial adenomatosis
polyposis. Through transkingdown RNA interference,
nonpathogenic E. coli produce and deliver short hairpin
RNA (shRNA) against β-catenin to target cells, again
inhibiting intestinal cell growth and polyp growth.
It has been found to be safe and well-tolerated in
[45]
nonhumans .
Therapies using ASO, NAT, and plasmid based
therapy have not yet been studied with colorectal
[46-49]
diseases
. However, these techniques are available
and should be studied with colorectal diseases in the
future.

Plasmidbased
therapy

Figure 2 Treatment options using RNA sequencing. Many possible
therapeutic applications of RNA sequencing in colorectal disease include
gene therapy, antisense oligonucleotides, plasmid-based therapy, and natural
antisense transcripts.

stool miRNA, serum miRNA, piwi-interacting RNA,
and long non-coding RNA (lncRNA) while Hollis et
[29]
al
provides a more thorough review of the miRNA
biomarkers used for early detection, prognosis, and
[33]
chemosensitivity of CRC. More recently, Yang et al
used 16 cancer tissues to find that miR-143 acts as
a tumor suppressor and is downregulated in CRC
tissues and can be used to diagnose CRC. Using 40
CRC tumor tissues and 595 fecal samples (198 CRC,
[34]
199 adenoma, 198 healthy subjects), Yau et al
found that miR-20a is upregulated in tumors and fecal
samples and can also be used to diagnosis CRC. Sun et
[35]
al validated that miR-21 is upregulated and miR-143
is downregulated in CRC and are the most important
miRNAs in CRC.
[36]
Qin et al
found through 6 human CRC cell lines
that miR-132 acts as a tumor suppressor and that
hypermethylation of this causes its downregulation and
[37]
is a thus marker for poor prognosis. Xu et al
used
30 samples of CRC tumors to show that increased
miR-20a is also associated with tumor invasion and
lymph node metastasis. Using 104 CRC specimens,
[38]
Liu et al found that lncRNA DANCR is upregulated in
CRC tissues. It is correlated with TNM stage, histologic
grade, lymph node metastasis, shorter overall survival
and disease-free survival.
[39]
Hu et al , through a retrospective analysis of
126 patients with colon adenocarcinoma, found that
miR-4299 and miR-196b are potential novel biomarkers
for XELOX chemoresistance. Downregulation of
miR-4299 and upregulation of miR-196b is correlated
with better survival.
In regards to ulcerative colitis (UC) and colitis[40]
associated cancer (CAC), Polytarchou et al
used
401 colon specimens of patients with UC, Crohn’s,
IBS, sporadic CRC, and CAC to show that miR-214 is
upregulated in active UC and CAC. Its expression is
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LIMITATIONS OF RNA SEQUENCING IN
COLORECTAL DISEASE
Despite the advances that are being made in
using RNA sequencing for diagnosis and treatment
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cost, greater coverage requires more sequencing
depth and thus greater cost to detect rare transcripts
[2]
or variants .
As seen in the previous studies described above,
small sample sizes were used for most research
conducted. While some studies used 400 samples,
many had sample sizes that ranged from 6 to 30.
Larger samples sizes can help to yield more significant
[52]
results . Another study with promising results that are
[53]
not significant due to sample size is Cohen et al ’s study
on the predictive value of Target Now. Target Now
uses immunostaining and RNA expression on tumor
samples to identify potentially beneficial or ineffective
drugs. The results of this study were not statistically
significant due to its small sample size of 19 patients.
Despite the promising results of the Target Now study,
the small sample size exemplifies the limitations
of much of the RNA Sequencing literature and its
application in colorectal diseases.
Complications and side effects have been seen
when siRNA has been used as a therapeutic agent,
further limiting the usage of RNA sequencing in
colorectal disease. A phase 1 drug candidate that
targeted apoB was withdrawn because of the immune
response elicited by its cationic lipid-based formulation
that delivers siRNA into endosomes where immune
receptors are most dense. This caused one patient to
have severe flu-like symptoms typical of an immune
[47]
response .
In response, dual targeting siRNA is being studied
to reduce the potential for off-target gene silencing.
Theoretically, fewer strands compete for RISC entry
which helps avoid the innate immune response.
However, more research needs to be conducted in this
[54]
area .
The biodistribution of siRNA in vivo has also been
[55]
a limitation of siRNA application. van de Water et al
found that intravenous siRNA accumulates in the
kidney of rats rather than being absorbed in the GI
tract. There, it acts to suppress the gene function in
proximal tubules, limiting the application of siRNA
in colorectal disease. Further research is needed to
manipulate the localization of siRNA for therapeutic
colorectal applications.

Increase sample sizes

Assess the use of
ASOs, NATS, plasmid
based therapy

Optimize targeting

Optimize delivery
mechanism

Figure 3 Roadmap of future studies. It is proposed that the future of high
throughput RNA sequencing applications in colorectal disease must address
current limitations in the literature by creating studies with significant data by
increasing sample size, focusing research on therapeutic applications of RNA,
and delineating drug targets and delivery mechanisms.

of colorectal diseases, there are still limitations
including targeting and delivery of treatment. Figure
3 summarizes future directions to address these
limitations.
RNA Sequencing itself has many limitations and
problems. NGS requires sequences shorter than most
mRNA sequences to process in a parallel manner,
requiring fragmentation of either the RNA strand or
cDNA strand. This requirement can introduce bias
to the strands as RNA fragment leads to decreased
amplification of 5’ and 3’ ends of the strand and cDNA
fragmentation leads to preferential amplification to
the 3’ end of a strand. cDNA synthesis of small RNA
molecules can also be biased based on the adaptors
used, specific G/C-content, and complex tertiary and
[50,51]
quaternary structures of these molecules
. NGS
also produces large amounts of data that presents
[1]
a problem for storage and retrieval of said data .
Alternative splicing, trans-splicing, and fragments that
correspond to multiple genomic locations also present
[1]
a problem for the analysis of the transcriptome .
Other challenges include library construction,
bioinformatics challenges, and coverage vs cost.
In constructing a cDNA library, there are many
manipulation stages to go through which can get
complicated in profiling all the types of transcripts.
Bioinformatic challenges include storing, retrieving, and
processing the large amounts of data that is garnered
through RNA sequencing. In terms of coverage vs
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CONCLUSION
To conclude, despite the large amount of research
dedicated to using RNA sequencing to diagnose and
screen for colorectal diseases, further studies need to
be conducted on using these techniques for treatment
of these colorectal diseases. With more research, RNA
sequencing could be the next novel treatment for
colorectal diseases.
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Transition of early-phase treatment for acute pancreatitis:
An analysis of nationwide epidemiological survey
Shin Hamada, Atsushi Masamune, Tooru Shimosegawa

Abstract
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Division of Gastroenterology, Tohoku University Graduate
School of Medicine, Sendai 980-8574, Japan

Treatment of acute pancreatitis (AP) is one of the
critical challenges to the field of gastroenterology
because of its high mortality rate and high medical
costs associated with the treatment of severe cases.
Early-phase treatments for AP have been optimized
in Japan, and clinical guidelines have been provided.
However, changes in early-phase treatments and the
relationship between treatment strategy and clinical
outcome remain unclear. Retrospective analysis of
nationwide epidemiological data shows that time for AP
diagnosis has shortened, and the amount of initial fluid
resuscitation has increased over time, indicating the
compliance with guidelines. In contrast, prophylactic
use of broad-spectrum antibiotics has emerged.
Despite the potential benefits of early enteral nutrition,
its use is still limited. The roles of continuous regional
arterial infusion in the improvement of prognosis and
the prevention of late complications are uncertain.
Furthermore, early-phase treatments have had little
impact on late-phase complications, such as walledoff necrosis, surgery requirements and late (> 4 w)
AP-related death. Based on these observations, earlyphase treatments for AP in Japan have approached
the optimal level, but late-phase complications have
become concerning issues. Early-phase treatments and
the therapeutic strategy for late-phase complications
both need to be optimized based on firm clinical
evidence and cost-effectiveness.
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Core tip: We analyzed past nationwide epidemiological
survey data for acute pancreatitis (AP) to assess the
trend in early-phase treatments and late complications.
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Early-phase treatments for AP in Japan have improved
in line with clinical guidelines, but several points still
need attention. In addition, early-phase treatments
have had little impact on late complications and clinical
outcomes, suggesting that an optimized strategy for
late complications is still needed.

Table 1 Required time for acute pancreatitis diagnosis n (%)
2003 Survey 2007 Survey 2011 Survey
Time for
diagnosis
(Total AP)
≤ 12 h
13-24 h
25-48 h
49-72 h
≥ 73 h
Time for
diagnosis
(Severe AP)
≤ 12 h
13-24 h
25-48 h
49-72 h
≥ 73 h

Hamada S, Masamune A, Shimosegawa T. Transition of
early-phase treatment for acute pancreatitis: An analysis of
nationwide epidemiological survey. World J Gastroenterol 2017;
23(16): 2826-2831 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2826.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2826

INTRODUCTION

707 (51.6)
288 (21.0)
156 (11.4)
95 (6.9)
124 (9.1)

806 (58.8)
252 (18.4)
150 (10.9)
70 (5.1)
94 (6.8)

1148 (61.7)
359 (19.3)
195 (10.5)
69 (3.7)
89 (4.8)

< 0.00011

148 (53.1)
54 (19.3)
35 (12.5)
20 (7.2)
22 (7.9)

170 (60.9)
51 (18.3)
31 (11.1)
15 (5.4)
12 (4.3)

240 (66.8)
71 (19.8)
25 (7.0)
13 (3.6)
10 (2.8)

0.0031

1 2

χ test. AP: Acute pancreatitis.

Acute pancreatitis (AP) is one of the primary reasons
[1]
for hospitalization in the field of gastroenterology ,
and a substantial number of AP cases progress to
[2]
severe AP, which is accompanied by organ failure .
This condition can be fatal, and therefore multiple
severity assessment strategies have been developed
[3]
worldwide, including in Japan . To assess the detailed
clinical features of AP in Japanese patients, nationwide
[4-6]
epidemiological surveys have been conducted
.
These surveys consisted of a first survey that involved
estimating the number of AP patients by stratified
random sampling and a second survey that involved
the collection of detailed clinical characteristics
regarding patients with AP. According to the latest
epidemiological survey for AP in Japan, the number
of patients with AP is still increasing; there were over
[4]
60000 patients in 2011 . Based on previous studies,
[7,8]
incident of AP varies among countries . The overall
mortality rate of AP has lowered to 2.6%, but in case
of severe AP, the mortality rate remains at 10.1%,
[4]
according to the 2011 survey . Since around 1500
AP-related deaths are expected annually in Japan,
clinical factors and early-phase treatments associated
with AP outcome need to be identified.
Recent reports suggest that a patient’s condition
on admission or during the early-phase can predict AP
severity, such as organ failure. For example, elevated
serum triglycerides within 72 h of presentation are
[9]
independently associated with organ failure . This
correlation was also confirmed in the 2011 survey
[10]
data . Similarly, patients with AP and disseminated
intravascular coagulation or elevated D-dimer on
admission were accompanied with a higher organ
[11,12]
failure ratio and mortality rate
. We previously
assessed the past nationwide survey data to identify
any trends in the management of AP, and confirmed
that the treatment strategy for late complications has
shifted to less-invasive, step-up approaches in the last
[13]
decade . However, clinical factors that determine
late-phase complications have not yet been identified.
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P value

Benefits of early-phase treatments in the prevention of
late-phase complications also need to be ascertained.
In addition, changes in early-phase AP treatments
in the last decade might elucidate potential clinical
problems that need to be solved. To address this issue,
we performed retrospective analysis of the results to
nationwide epidemiological surveys. These surveys
were conducted mainly by the Research Committee
of Intractable Pancreatic Diseases, under the support
of the Ministry of Health, Labour, and Welfare of Japan
[4-6]
in 2003, 2007, and 2011
. In this editorial, we
review anonymous data of the clinical-epidemiological
characteristics of AP, as collected by postal surveys.
Clinical data of 2694 patients in the 2011 survey,
2256 patients in the 2007 survey, and 1779 patients
[4-6]
in the 2003 survey were assessed
. This study
was approved by the Ethics Committee of Tohoku
University Graduate School of Medicine (article#:
2015-1-519).

IMPROVEMENT OF REQUIRED TIME FOR
AP DIAGNOSIS
In 2003 survey, 84.0% of total AP cases were
diagnosed within 48 h. This ratio significantly increased
with time, reaching 91.5% in the 2011 survey (Table
1). The ratio of patients diagnosed later than 72 h
was 9.1% in the 2003 survey, which decreased to
4.8% in the 2011 survey. This trend was similar in
patients with severe AP; 93.6% of severe AP cases
were diagnosed within 48 h in the 2011 survey,
compared to 84.9% in the 2003 survey (Table 1).
These results suggest that the required time for AP
diagnosis in Japan has improved in the last decade.
Current Japanese guidelines for the management of AP
recommend serum lipase or amylase measurements
and imaging studies [computed tomography (CT),
ultrasonography (US) or magnetic resonance imaging
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A

Total AP

Table 2 Prophylactic administration of antibiotics within
24 h n (%)

a

5000

Amount of fluid resuscitation
(within 24 h, mL)

a

a

2003
survey

4000
Antibiotics (Total AP)
Carbapenem
Cephem
Cephem/β-lactamase
inhibitor combination
Others
Antibiotics (Severe AP)
Carbapenem
Cephem
Cephem/β-lactamase
inhibitor combination
Others

3000

2000

1000

0

2003

2007

2011

n = 1168

n = 1027

n = 2194

B

2007
survey

2011
survey

P value

280 (27.7) 327 (32.5) 689 (36.9) < 0.00011
270 (26.7) 264 (26.2) 485 (26.0)
429 (42.4) 390 (38.8) 641 (34.4)
33 (3.2)

25 (2.5)

51 (2.7)

86 (41.2) 107 (52.2) 286 (67.3) < 0.00011
54 (25.8) 36 (17.6) 48 (11.3)
62 (29.7) 57 (27.8) 80 (18.8)
7 (3.3)

5 (2.4)

11 (2.6)

1 2

χ test. AP: Acute pancreatitis.

Severe AP
a
NS

Amount of fluid resuscitation
(within 24 h, mL)

6000

(ICU) was significantly less in non-survivors than
[18]
in survivors . A faster ratio of fluid resuscitation
lowered the mortality rate of AP patients, according
[19]
to another report . Average fluid resuscitation for all
AP patients within 24 h after admission was 2538.5
± 1256.1 mL in 2003, 2725.4 ± 1232.1 mL in 2007,
and 3145.1 ± 1475.2 mL in 2011, respectively (Figure
1A). Average fluid resuscitation for patients with
severe AP within 24 h after admission was 2885.2 ±
1989.1 mL in 2003, 3175.6 ± 1391.0 mL in 2007 and
4103.7 ± 2063.3 mL in 2011, respectively (Figure 1B).
Current Japanese guidelines for the management of
AP describe the detailed fluid resuscitation strategy as
[14]
an initial therapy , and this therapeutic concept has
been widely accepted in Japan.

a

4000

2000

0

2003

2007

2011

n = 221

n = 201

n = 430

Figure 1 Average amount of fluid resuscitation. A: Average amount of
fluid resuscitation within 24 h after admission for total acute pancreatitis (AP)
patients. Error bar shows standard deviation. aP < 0.01; B: Average amount of
fluid resuscitation within 24 h after admission for severe AP patients. Error bar
shows standard deviation. aP < 0.01.

TREND IN PROPHYLACTIC
ADMINISTRATION OF ANTIBIOTICS

[14]

(MRI)] for the diagnosis of AP , as well as severity
assessment using the revised severity scoring system
[15,16]
of AP (2008)
. Immediate transfer of patients with
severe AP to an adequate facility capable of providing
[14]
suitable treatment is also recommended . Awareness
of these principles in Japan might be the reason for the
improved diagnosis time of AP.

Usage of prophylactic antibiotics for AP treatment
is still a matter of debate. Japanese guidelines
for the management of AP state that prophylactic
administration may improve the prognosis of severe or
[14]
necrotizing pancreatitis , but another report indicated
that prophylactic administration does not affect
[20]
mortality . Current retrospective analysis identified
increasing use of carbapenem for AP treatment in
the last decade, especially in the case of severe
AP (Table 2). Carbapenem-resistant bacteria are a
serious danger to health, and this resistance is partly
[21]
promoted by a patient’s prior use of carbapenem .
This fact highlights that the strategy for the use
of antibiotics in Japan still needs to be optimized.
Continuous administration of antibiotics for more than
2 wk is not recommended in patients without signs of
[14]
infection, according to Japanese guidelines . Similarly,
prophylactic administration for mild pancreatitis is
stated as unnecessary, and these guidelines should be
followed.

INCREASED AMOUNT OF INITIAL FLUID
RESUSCITATION VOLUME
Fluid resuscitation is an essential initial therapy for
AP. The Japanese guidelines recommend extracellular
[14]
solution, such as Ringer’s Lactate solution . Even
though there was no benefit in use of Ringer’s Lactate
[17]
over normal saline in one study , further validation
is necessary to establish the best fluid resuscitation
strategy. A previous report pointed out that the
amount of fluid volume administered in 48 h to
patients with AP admitted into intensive care units
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Table 3 Enteral nutrition n (%)
Enteral nutrition
(Total AP)
Yes
No
Enteral nutrition
(Severe AP)
Yes
No
Enteral nutrition
(Severe AP in 2011
survey)
Yes
No

Table 4 Trend in continuous regional arterial infusion n (%)

2007 survey

2011 survey

72 (4.7)
1466 (95.3)
2007 survey

135 (6.2)
2053 (93.8)
2011 survey

45 (14.6)
264 (85.4)
< 500 beds

97 (22.4)
337 (77.6)
500 beds or more

14 (9.9)
127 (90.1)

83 (28.4)
209 (71.6)

P value

2003 survey
CRAI (Total AP)
Yes
118 (18.0)
No
538 (82.0)
CRAI (Severe AP)
Yes
72 (22.4)
No
249 (77.6)

0.051
P value
0.0081
P value

2011 survey

P value

72 (4.5)
1530 (95.5)

95 (4.3)
2129 (95.7)

< 0.00011

51 (14.6)
299 (85.4)

76 (17.2)
365 (82.8)

0.0271

1 2

χ test. CRAI: Continuous regional arterial infusion; AP: Acute pancreatitis.

< 0.00011

Table 5 Continuous regional arterial infusion and mortality

1 2

CRAI

χ test. AP: Acute pancreatitis.

(Severe AP)
Yes
No
P value

INCREASED USAGE OF ENTERAL
NUTRITION IN SEVERE AP

2003 survey

2007 survey

2011 survey

Mortality

Mortality

Mortality

15/71 (21.1)
23/238 (9.7)
0.00981

5/49 (10.2)
27/279 (9.7)
0.909

7/74 (9.5)
35/327 (10.7)
0.752

1 2

χ test. CRAI: Continuous regional arterial infusion; AP: Acute pancreatitis.

Usage of enteral nutrition for treatment of severe AP in
the 2011 survey was significantly increased, compared
with the 2007 survey (Table 3). Patients with severe
AP treated in hospitals with 500 beds or more were
treated with enteral nutrition more frequently than
patients treated in hospitals with less than 500 beds
(Table 3). Since enteral nutrition is associated with
fewer infection-related complications and with length
[22]
of hospital stay , its efficacy needs to be more widely
recognized and a detailed procedure for its routine use
needs to be produced. The optimal time to start enteral
nutrition is within 48 h of admission, according to the
[14]
Japanese guidelines . This recommendation is based
on the result of a meta-analysis that identified the
superiority of early (within 48 h) enteral nutrition over
[23]
late enteral nutrition or total parenteral nutrition .
In patients with severe AP not having severe ileal or
intestinal ischemia, addition of enteral nutrition should
be considered as an initial therapy.

findings. CRAI might have been limited to patients
with severe AP accompanied with lesions that were
less enhanced in the CT scan or with necrosis in the
pancreas. The mortality rate of patients with severe
AP who received CRAI was also assessed. In the 2003
survey, the mortality of patients who received CRAI
was significantly higher than that of patients who did
not receive CRAI (Table 5). This difference was not
significant in the 2007 and 2011 surveys. A recent
retrospective multicenter study also reported that CRAI
[26]
has no efficacy in the treatment of severe AP , which
is in agreement with the current observation. These
results indicate that further assessment of the efficacy
and cost-effectiveness of CRAI is needed before the
standard therapeutic strategy is defined.

FACTORS AFFECTING WALLED-OFF
NECROSIS DEVELOPMENT, A PATIENT’S
NEED FOR SURGERY, AND LATE (> 4 W)
AP-RELATED DEATH IN SEVERE AP

TREND IN CONTINUOUS REGIONAL
ARTERIAL INFUSION AND MORTALITY
Continuous regional arterial infusion (CRAI) has
developed for the improvement of regional inflam
mation and infection in the pancreas, by trans-arterial
administration of antibiotics and protease inhibitor. Its
[24]
therapeutic efficacy in Japan has been reported .
Previous study reported an effectiveness of CRAI in
[25]
randomized controlled study . CRAI was performed
in 18.0% of all AP patients and 22.4% of severe
AP patients in the 2003 survey (Table 4). This ratio
significantly decreased in the later surveys, with 4.5
and 4.3% for all AP patients, and 14.6 and 17.2%
for severe AP patients, in 2007 and 2011 respectively
(Table 4). The decrease in the CRAI ratio during
this decade might have been due to the discretion,
excluding patients without less-enhanced region in
the pancreas based on the contrast-enhanced CT

WJG|www.wjgnet.com

2007 survey

To identify the specific effects of early-phase treatments
on severe AP-related complications and clinical
outcomes, factors were assessed that affected walledoff necrosis (WON) development, a patient’s need for
surgery, and late phase (later than 4 w after onset of
AP) AP-related death, in the 2011 survey. Diagnosis
within 48 h, average amount of fluid resuscitation,
and CRAI did not affect WON development (Table 6).
Enteral nutrition was more frequently performed in
patients who developed WON. Patients with severe
AP who underwent surgery had been provided
significantly more fluid resuscitation and enteral
nutrition, while CRAI failed to show any preventive
effect (Table 7). Late AP-related death was less
prevalent in patients diagnosed within 48 h, but
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AP. However, prophylactic administration of broadspectrum antibiotics for AP has been widespread in
Japan, and this needs to be reversed. Use of enteral
nutrition is still limited, and needs to be practiced more
routinely. The efficacy of CRAI has been a matter of
debate in the last decade, and the current study did
not reveal any clear efficacy of CRAI in AP treatment.
[22]
This result is in agreement with a recent study . In
addition, early-phase treatments have little impact
on late complications, such as WON, a patient’s need
for surgery, and late AP-related death. The efficacy of
special treatments such as CRAI and enteral nutrition
for the prevention of late complications needs further
validation, but if these are not especially effective,
refinement of therapeutic approaches will be necessary
for the improvement of prognosis. In conclusion, both
early-phase treatments and late-phase interventions
for AP need to be optimized based on firm evidence
and cost-effectiveness.

Table 6 Factors affecting walled-off necrosis development in
severe acute pancreatitis in 2011 survey

Diagnosis within 48 h
Average amount of fluid
resuscitation (mL)
Enteral nutrition
CRAI

WON (+)

WON (-)

P value

14/17 (82.4)
4865.8 ± 2130.2

60/63 (95.2)
4661.1 ± 2758.3

0.074
0.765

14/22 (63.6)
11/23 (47.8)

24/72 (33.3)
21/75 (28.0)

0.0111
0.076

1 2

χ test. CRAI: Continuous regional arterial infusion; WON: Walled-off
necrosis.

Table 7 Factors affecting surgery requirement in severe acute
pancreatitis in 2011 survey

Diagnosis within 48 h
Average amount of
fluid resuscitation (mL)
Enteral nutrition
CRAI

Surgery (+)

Surgery (-)

P value

16/18 (88.9)
6183.6 ± 4109.5

279/300 (94.6)
4203.1 ± 2810.6

0.513
0.0031

13/25 (52.0)
8/25 (32.0)

76/350 (21.7)
62/360 (17.2)

0.00062
0.064
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Table 8 Factors affecting late (> 4W) acute pancreatitis -related
death in severe acute pancreatitis in 2011 survey
AP-related death
(> 4W)
Diagnosis within 48 h
Average amount of
fluid resuscitation (mL)
Enteral nutrition
CRAI

Alive

P value
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0/12 (0.0)

85/354 (24.0)
76/355 (21.4)

0.081
0.138

2

1

Fisher’s exact test. CRAI: Continuous regional arterial infusion.
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Abstract
Over the recent years the non-invasive techniques for
the evaluation of the small bowel have been playing
a major role in the management of chronic intestinal
diseases, such as inflammatory bowel diseases (IBD).
The diagnostic performances of magnetic resonance
imaging, computed tomography and ultrasound in the
field of small bowel disorders, have been assessed
and established for more than two decades. Newer
sonographic techniques, such as strain elastography
and shear wave elastography, have been put for
ward for the assessment of disease activity and
characterization of IBD-related damage in the setting
of Crohn’s disease and other gastrointestinal disorders.
The data from the preliminary research and clinical
studies have shown promising results as regards the
ability of elastographic techniques to differentiate
inflammatory from fibrotic tissue. The distinction
between IBD activity (inflammation) and IBD-related
damage (fibrosis) is currently considered crucial for the
assessment and management of patients. Moreover,
all the elastographic techniques are currently being
considered in the setting of other intestinal disorders
(e.g. , rectal tumors, appendicitis). The aim of this paper
is to offer both a comprehensive narrative review of the
non-invasive techniques available for the assessment
of small-bowel disorders, with particular emphasis on
inflammatory bowel diseases, and a summary of the
current evidence on the use of elastographic techniques
in this setting.
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August 2016, combining the MeSH keywords: inflam
matory bowel disease, Crohn's disease, ulcerative colitis,
bowel, diagnosis, fibrosis, inflammation, elastography
over the period 2010-2016. After the exclusion of
non-pertinent articles, all the original papers covering
the use of elastography in the setting of small-bowel
disorders were selected for the purposes of this review.
Select relevant articles concerning the use of other
non-invasive techniques have been included in the
discussion.

Core tip: Elastographic techniques, such as strain
elastography and shear wave elastography, have shown
promising results as regards their ability to differentiate
inflammatory from fibrotic tissue, particularly in the
setting of inflammatory bowel diseases where these
techniques have been tested.
Branchi F, Caprioli F, Orlando S, Conte D, Fraquelli M.
Non-invasive evaluation of intestinal disorders: The role
of elastographic techniques. World J Gastroenterol 2017;
23(16): 2832-2840 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2832.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2832

SMALL-BOWEL DISORDERS,
INFLAMMATION AND FIBROSIS
In the setting of small-bowel diseases the evaluation
of the small-bowel mucosa has long been considered
essential for the diagnosis and management of
patients during follow-up, especially as regards
the monitoring of treatment response. To date the
diagnosis of CD is based upon the combination of
clinical signs, laboratory tests and the endoscopic
evidence of specific lesions in the small bowel and/
[1]
or other segments of the gastrointestinal system .
Biopsy specimens from the ileum and colon assist in
[1]
the diagnostic process . Endoscopic improvement
and/or mucosal healing are considered endpoints for
the response-to-treatment assessment along with
[15]
clinical improvement . Moreover, the clinical course
of IBD is often characterized by frequent recurrence/
relapse of symptoms, which prompts further inves
tigations and possible changes of the therapeutic
[16]
strategy . However, the direct visualization of
the small-bowel mucosa by means of endoscopic
techniques and the sampling of biopsy specimens
are often cumbersome and not always technically
feasible. Different non-invasive techniques such CT-E,
MR-E and ultrasonographic techniques have been
validated for the diagnosis and follow-up of smallbowel disorders and are now widely used in clinical
practice as an alternative or complement to traditional
[1,17,18]
endoscopy
.
It is widely accepted that the development of
fibrosis has a major influence on the morbidity of
IBD. In CD patients the presence of fibrotic strictures
is associated with high rates of hospitalization
[19-21]
and surgery
. The pathogenetic mechanisms
responsible for the development of intestinal fibrosis
[22]
have not been fully elucidated yet , but it is widely
accepted that bowel wall fibrosis develops as a
consequence of a chronic inflammatory process with
in the tissue, with the subsequent local release of
[23-25]
fibrogenic mediators and cytokines
. The chronic
inflammatory activation, typical of CD, is therefore
responsible for the increase in extracellular matrix
[26-28]
deposition and mesenchymal cell activation
. The
close connection between chronic inflammation and
fibrosis in the setting of CD enforces the concept that
the different CD phenotypes are the expression of a
progressively accumulating bowel damage, rather than

INTRODUCTION
Over the recent years the non-invasive techniques
for the evaluation of the small bowel have been
playing a major role in the management of chronic
intestinal diseases, such as inflammatory bowel
diseases (IBD). Computed tomography and magnetic
resonance enterography/enteroclysis (CT-E, MR-E)
are cross-sectional imaging techniques that show
excellent performance in the diagnosis of intestinal
disorders and promising results in the characterization
of IBD lesions and prediction of their response to
[1,2]
treatment . In particular, the data from MR-E ap
plication have shown accuracy in the assessment of
[3-5]
Crohn’s disease severity and stage . MR techniques
without contrast enhancement are being tested for
[6,7]
the same purposes . The diagnostic performance of
ultrasound (US), both without and with intravenous
contrast medium, has been evaluated for more than
[8,9]
two decades. Technology advances
extending
implementation have also occurred. More recently, new
sonographic techniques, such as elastography, have
been put forward for the assessment of disease activity
and characterization of IBD-related damage in the
[10,11]
setting of Crohn’s disease (CD)
. Noteworthy, from a
clinical point of view particular attention is currently paid
to the distinction between IBD activity (inflammation)
and IBD-related damage (fibrosis). All the techniques
are currently tested also against other intestinal
[12-14]
disorders (e.g., rectal tumors, appendicitis)
.
However, only scattered data is available regarding
the performance of elastographic techniques in the
assessment and characterization of small-bowel
disorders. Therefore, the aim of this paper is: (1) to give
a comprehensive narrative review of the non-invasive
techniques available to date for the assessment of
small-bowel disorders, with particular emphasis on IBD;
and (2) to summarize the evidence currently available
on the use of elastographic techniques in this setting.

LITERATURE SEARCH
A comprehensive MEDLINE search was performed in
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Table 1 Summary of the technical features of the various elastographic techinques
Technique
Strain elastography/UEI
ARFI imaging
Shear wave elastography
Point-shear wave speed measurement
Shear wave speed imaging
Transient elastography

Physical characteristic
measured

Excitation method

Strain
Strain
Shear wave speed

Manual compression (operator pressure, cardiovascular pulse, breathing movements)
Acoustic radiation force impulse
Acoustic radiation force impulse

Shear wave speed

Controlled external vibration

UEI: Ultrasound elasticity imaging; ARFI: Acoustic radiation force impulse.

[19,21,29]

the result of different pathogenetic pathways
.
In the setting of CD-related lesions, for patient
management purposes it helps to estimate the relative
proportion of inflammatory vs fibrotic tissue, by
considering the different prognosis and therapeutic
options associated with the presence of a fibrotic
[19]
stricture as compared to an inflammatory process .
The balance between fibrotic and inflammatory
processes within the bowel tissue of patients with IBD
has been extensively studied in pathological series,
which have showed the coexistence of acute/chronic
inflammatory infiltrate and bowel wall fibrosis in
[8,10,30,31]
CD surgical specimens
. The opportunity of
assessing the relative proportion of inflammatory vs
fibrotic tissue within an affected bowel wall represents
a major step towards the non-invasive evaluation of
CD, on consideration that the presence of fibrosis in
the affected tissue negatively influences the response
to biological treatment and, therefore, leads to
[16,19,32]
endoscopic or surgical treatment
.
Some of the non-invasive techniques already
available for the diagnosis of intestinal disorders (US,
contrast-enhanced US, CT, MR) have been tested for
their ability to discriminate between inflammatory and
fibrotic tissue in the small-bowel wall of patients with
IBD, with promising results especially as concerns MR
[2-8,31,33]
techniques
. In this scenario, the development
of new techniques, such as elastography, for the
evaluation of inflammatory vs fibrotic tissue changes
in small-bowel segments, has been welcomed as a
potentially major breakthrough.

tissue with an ultrasound transducer (external force)
[35]
and then recorded along with real-time US images .
Different techniques applying a combination of static
or dynamic deformations to internal or external forces,
[34,36]
have been explored
ending with the current
application of strain elastography - with pressure being
[37]
[38]
applied manually
or by cardiovascular pulsation
- to several fields of clinical medicine, including breast
[39]
lesions characterization . A recently developed
elastographic method is Acoustic Radiation Force
Impulse (ARFI) imaging, which targets ultrasound
[40]
beam pulses to deform a chosen tissue area . Its
application has been validated mainly in the liver
[41,42]
[43]
setting
, with promising results for kidney
and
thyroid diseases as well. If the disturbance/deformation
induced by the mechanical excitation of the tissue is
measured as the velocity of an induced shear wave,
the technique is labelled shear wave elastography
(SWE, which uses ARFI technology) or transient
elastography, the latter being a technology not
[40,44]
developed for imaging
. The successful application
of elastography in various clinical scenarios is
consistent with the concept that normal and pathologic
tissues have different mechanical properties, mainly
due to the altered balance of normal, fibrotic and/or
inflammatory tissue components. Because of this, the
elastographic techniques, particularly UEI and shear
wave elastography, have been put forward as useful
tools for the assessment of intestinal fibrosis in CD:
their use has been evaluated in preliminary studies on
animal models (Table 2) and some feasibility studies
[10,11,45-49]
on human subjects (Table 3)
.

PRINCIPLES OF ELASTOGRAPHY

ELASTOGRAPHY FOR THE ASSESSMENT
OF INTESTINAL FIBROSIS

Elastography is a non-invasive method developed
to assess the mechanical properties of a tissue,
[34,35]
in particular its stiffness
. To date, a range of
elastographic technologies is available and marketed
(Table 1). Strain elastography is able to provide the
quantitative imaging of strain and elastic modulus
distributions in soft tissues: by exerting tissue
compression, the strain profile along the transducer
axis is calculated and then converted to an elastic
modulus profile based on the measurement of the
[35]
stress applied . Usually, strain imaging or ultrasound
elasticity imaging (UEI) defines the technique whereby
the tissue deformation is produced by pressing on the

WJG|www.wjgnet.com

Strain elastography
[11]

Kim et al provided the first data on the performance
of strain elastography/UEI in the setting of intestinal
disorders in an animal model. In this prelimi
nary study, 6 rats intrarectally administered with
2,4,6-trinitrobenzenesulfonic acid (TNBS) were used
as an animal model of left-sided colitis and fibrosis.
Strain measurement was performed in vivo by UEI
with the aid of a laboratory-designed deformation
device fixed to the transducer in order to exercise a
uniform displacement. After euthanasia the mechanical
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Table 2 Summary of the feasibility studies on elastography in animal models
Ref.

Subjects

Results

Kim et al[11],
2008

Animal model (rats)
6 Left-sided chronic colitides (from TNBS)
5 controls

Stidham et
al[10], 2011

Animal model (TNBS rats)
5 acute colitides
5 chronic fibrosis
5 controls

Dillman et
al[45], 2013

Animal model
6 acute colitides
8 chronic colitides/fibrosis
3 controls

Technique
Strain elastography (UEI)
Comparison
Direct mechanical measurement,
Histology
Technique
Strain elastography (UEI)
Comparison
Histology

Technique
Shear wave elastography (Shear
wave speed imaging)
Comparison
Histology

Strain difference of normal colon vs affected left colon
P < 0.0002
Significant correlation between Young’s modulus and
strain r = 0.67, P < 0.0005
Strain values:
controls vs acute inflammation P = 0.015,
controls vs chronic fibrosis P = 0.001,
acute inflammation vs chronic fibrosis P = 0.037
Strain ratio:
acute inflammation vs chronic fibrosis P = 0.030
SW velocity ratio:
AUROC curve for differentiating fibrosis from
inflammation 0.971

TNBS: Trinitrobenzenesulfonic acid; UEI: Ultrasound elasticity imaging; CD: Crohn’s disease; AUROC: Area under receiver operating characteristic; SW:
Shear wave; VAS: Visual analogue scale.

Table 3 Studies assessing the utility of elastography in intestinal diseases
Ref.
Stidham et
al[10], 2011

Dillman et
al[46], 2014

Subjects

Outcomes

7 CD patients with stricturing Technique
Strain elastography (UEI)
disease
Comparison
Direct mechanical measurement, Histology
17 Human intestinal surgical Technique
specimens (from subjects with Shear wave elastography (point SW speed
measurement and SW speed imaging)
known or suspected IBD)
Comparison
Histology

Havre et al[50], Human intestinal surgical
2014
specimens

Technique
Strain elastography (UEI)

16 CD
18 adenocarcinoma
4 adenomas

Comparison
Histology

Baumgart et
al[47], 2015

10 CD patients elected for
surgery

Technique
Strain elastography (UEI)
Comparison
Direct mechanical measurement,
Histology

Fraquelli et
al[49], 2015

23 CD patients elected for
surgery
20 CD controls

Technique
Strain elastography (UEI)
Comparison
Histology

Fufezan et
al[48], 2015

14 pediatric CD patients
(48 bowel segments)

Technique
Strain elastography (UEI)
Comparison
US signs and Clinical Data

Strain values:
Correlation with Young’s modulus r = -0.81
Significant difference between stenotic tissue and
unaffected proximal tissue P = 0.0008
Difference in SW speed between low and high fibrosis
With point SW speed measurement, P = 0.004, AUROC =
0.91
With SW speed imaging P = 0.049 AUROC = 0.77
No difference in mean SW speed between low and high
inflammation
UEI able to discriminate between adenoma and
adenocarcinoma/CD, not between adenocarcinoma and
CD
Reproducibility:
SR: intraobserver correlation rho = 0.47-0.82
Visual categorical score: interobserver agreement k = 0.38
VAS: interobserver correlation Pearson’s r = 0.55, P = 0.002
Higher strain values in affected vs unaffected bowel (P <
0.001)
Good ICC among pre-, intra- and post-operative strain
measurements (0.830 in affected segments)
Association between strain measurements and
internal muscularis mucosae and muscularis propria width
(P = 0.044 and 0.012)
histologic fibrosis score (P < 0.001)
Interrater agreement: color scale (ICC 0.90) and SR (ICC
0.78)
Correlation between SR and severity of bowel fibrosis P <
0.0001 but not with inflammation scores
AUROC curve for prediction of severe fibrosis 0.917 (95%CI:
0.788-1.000)
Correlation between:
UEI “inflammatory type” and complications
UEI “inflammatory” and “fibrotic” type and CRP
UEI “inflammatory type” and ESR
UEI and bowel wall thickness and stratification

TNBS: Trinitrobenzenesulfonic acid; UEI: Ultrasound elasticity imaging; CD: Crohn’s disease; AUROC: Area under receiver operating characteristic; SW:
Shear wave; VAS: Visual analogue scale; ICC: Intraclass correlation coefficient; SR: Strain ratio; CRP: C reactive protein; ESR: Erythrocyte sedimentation
rate; US: Ultrasound.
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properties of the bowel wall were measured directly
[11]
by means of a specific elastometer device . In
terestingly, the data showed a significant difference
between the strain measurements of the healthy
colons (5 controls and 6 proximal colons of TNBS
rats) and the affected left colons and between the
correspondent values of Young’s modulus computed
with direct elastometry, this confirming the hypothesis
of an association between the degree of involvement
in a chronic inflammatory/fibrotic process and tissue
stiffness. Overall, the correlation coefficient between
Young’s modulus and strain was highly significant,
suggesting the good accuracy of UEI in the indirect
assessment of tissue stiffness. Not long after these
preliminary data, a similar study by the same group
confirmed a significant correlation between UEI results
and the direct measurement of bowel wall stiffness
after surgical resection in a small group of patients
with stricturing CD. This proved the ability of UEI
to discriminate between healthy bowel and fibrotic
[10]
tissue . For the first time, the data from an animal
model generated the hypothesis that UEI would be
able to discriminate between inflammatory and fibrotic
[10]
[50]
tissue . In another study, Havre et al
performed
UEI on a series of resected surgical specimens (16 CD,
18 adenocarcinomas and 4 adenomas). Tissue stiffness
was assessed through 3 different methods: (1) a visual
categorical score already described for pancreatic
[51]
lesions ; (2) a visual analog scale (VAS) ranging
from 0 to 100 (with 50 representing equal stiffness to
the surrounding tissue, < 50 lower and > 50 higher
stiffness); and (3) the strain ratio (SR), calculated as
the ratio between the mean strain in reference tissue
surrounding the lesions and the mean strain in the
lesion. The results of the strain assessment were then
compared to the final diagnosis by histology, showing
the significant difference in stiffness of adenoma
vs adenocarcinoma and CD, with visual categorical
scores, VAS and SR, but not so strong results as
concerns the differentiation of adenocarcinoma vs
CD, probably because of the relevant distribution of
fibrosis in both lesions, which affected tissue stiffness
[50]
in the same way . Nonetheless, this study provided
important information about the reproducibility of
strain elastography, considering that two independent
operators showed a fair inter-observer agreement
for the categorical score (Kappa value 0.38) and a
good correlation between the operators for the VAS
evaluation (Pearson’s r = 0.55, p = 0.002), while a
moderate-to-good correlation was found between the
separate intra-observer SR measurements (Spearman’s
Rho 0.47 to 0.82).
[47]
Baumgart et al performed UEI strain assessment
in 10 patients with CD and elected for surgery, and
compared the strain values with direct tensiometry
and histology after surgery. The strain measurement
was performed with the aid of a built-in press guide
function assessing the compression adequacy of
the probe in order to allow for the same amount of
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compression and to obtain values of the strain per se,
the same way as in the previous studies. The results
confirmed the concept that the bowel segments
affected by CD show a significantly higher strain than
those unaffected (mean ± SD, 169.0 ± 27.9 vs 43.0, 6,
25.9 and p = 0.001). This was also confirmed by the
[47]
direct measurement of tissue stiffness . Moreover,
the comparison with histologic features showed the
correlation between strain differences and histologic
signs of fibrosis, such as collagen deposits or muscular
fibers. However, the possible influence of inflamma
tory tissue changes was not fully explored in these
[47]
patients .
[49]
A study carried out by our group
aimed to
assess the in-vivo performance of strain elastography
in predicting bowel fibrosis and discriminating
between inflammation and fibrosis (Figure 1).
UEI was performed on 23 CD patients with ileal or
ileocolonic disease, elected for surgical resection,
and on 20 controls (uncomplicated CD patients).
Strain assessment was performed with 2 methods:
(1) a semi-quantitative visual color scale; and (2) SR
measurement. The SR was calculated in the same
[50]
way as in the Havre study , with the mesenchimal
tissue surrounding the affected bowel wall chosen
as the reference tissue. The results showed that
the SR values, but not the color scale values, were
significantly correlated with the severity of fibrosis at
both semiquantitative and quantitative histologic image
analysis: SR showed excellent ability to discriminate
severe bowel fibrosis (AUROC curve: 0.917; 95%CI:
0.788-1.000), with evidence of no influence of the
histologic degree of inflammation on SR at multivariate
[49]
analysis .
[48]
Later, Fufezan et al
tried to evaluate the role
of strain elastography in the setting of pediatric
Crohn’s disease, with the aim of widening the range
of non-invasive methods to avail. In their study
these authors examined 48 bowel segments of 14
pediatric CD patients, and attempted to develop a
visual classification of bowel wall appearance at UEI
(remission bowel, inflammatory wall and fibrotic wall)
and to correlate it with clinical and US features. The
results suggested some correlation between different
UEI visual patterns and US and clinical signs of disease
activity or complications. However, these preliminary
results were not compared to histology or stratified for
types of current therapy, thus requiring validation in a
[48]
large prospective study .

Shear wave elastography

As regards shear wave (SW) speed techniques,
[45]
Dillman et al
focused on SW speed imaging. The
data from an animal model of acute and chronic
colitis showed that shear wave speed measurement
was significantly higher in the fibrosis cohort than
in the acute inflammation one at different amounts
of strain applied (0% and 30%, p = 0.047 and 0.02
respectively). The AUROC curve of the SW speed ratio
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Figure 1 Upper left quadrant: Ultrasound image of the thickened terminal ileum of a Crohn’s disease patient, with a narrowed lumen and surrounding
mesenteric tissue. Upper right quadrant: Appearance of the same ileal segment with strain elastography. Regions of interest (ROIs) can be selected for the
quantitative assessment of the strain ratio (see text). Lower quadrant: Strain values of ROI 1 (mesenteric tissue) and ROI 2 (ileal wall) plotted over time for the
software to calculate the mean strain ratio (adapted from Fraquelli et al[49]).

(mean SW speed/applied strain) for differentiating
fibrotic from inflamed bowel was 0.971, which is an
excellent result (derived though from small numbers)
suggesting the successful application of this technique
[45]
in the clinical setting . In another study the same
group applied shear wave elastographic techniques
(both point shear wave speed measurement and shear
wave speed imaging) on 17 human resected bowel
specimens and showed that these techniques were
able to discriminate tissue with high vs low degree of
fibrosis as histologically assessed, while no significant
correlation was observed between the SW speed and
[46]
the degree of inflammation . Moreover, the data from
this study could offer no information on the ability of
SW elastographic techniques to discriminate between
[46]
inflammation and fibrosis . To date, no other studies
are available on the applicability of SW elastography in
the setting of IBD.

rectal endoscopic UEI in IBD showed that the SR
values of the rectal bowel wall were significantly
different not only between CD patients and controls,
but also between ulcerative colitis and CD patients,
thus pointing to the possible role of elastography in
differentiating between colonic CD and ulcerative
[52]
colitis .
Some studies in the field of colonic diseases have
[53]
shown that elastography is feasible and reproducible
especially as regards the differentiation between rectal
adenomas and adenocarcinomas, where it has showed
a level of accuracy superior to endoscopic ultrasound
[13,14,54]
and MR
. However, not only further evidence but
also further technological advancements are needed
before elastography can be routinely applied to the
diagnosis of malignant intestinal lesions, and also
preliminary data on the application of this technique
for the diagnosis of gastrointestinal stromal tumors
[55]
seem to suggest the same .
A single study has recently evaluated the per
formance of SW elastography towards the diagnosis
of appendicitis: the data from 30 patients with
appendicitis and 11 controls showed that SW can
differentiate between a normal and inflamed appendix
(Sn 93%, Sp 100% considering a 12.5 kPA cut-off),

Role of elastography in other intestinal disorders

Elastography has been proposed as a diagnostic
tool for various intestinal disorders. As far as the
endoscopic use of elastography is concerned, only
strain elastography is currently available for use
with endoscopic devices. A pilot study on trans-
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[12]

but not better than CT

.

is so far the most accurate in detecting bowel wall
fibrosis. It should be pointed out that MR techniques
have shown excellent accuracy in this field but are
surely less available and more time-consuming
than an elastographic evaluation in the context of a
routine US examination. MR techniques also present
contraindications and side effects when there is use of
intravenous contrast medium.
The overall simplicity and feasibility of elastogra
phy lead to expect further developments including
the broadening of the fields of application for these
techniques.

Possible limitations of the application of elastography in
small-bowel diseases
[49,56]

As some authors
have already pointed out, the
performance of bowel elastography in routine clinical
practice shows some limitations. First of all, due to the
technical characteristics of this technology, which was
developed as an add-on to routine ultrasonography
devices, it is not possible to obtain a complete view of
all the bowel segments, as opposed to cross-sectional
imaging techniques. This feature limits the application
field of elastography to selected bowel segments (i.e.,
terminal ileum, caecum). Moreover, the transabdominal
strain imaging techniques have to deal with potential
errors owed to peristaltic bowel movements, which are
not present in the other anatomical sites where these
techniques are widely validated (i.e., thyroid, breast),
even though some software available on the market
offers movement correction filters to minimize such an
[49]
interference .
On the other hand, the non-invasivity of these
techniques and the low cost of their application in
clinical practice (limited to the installation of specific
software in the already deployed US equipment) are
likely to exceed the possible limitations.
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Abstract
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The disequilibrium between the production of reactive
oxygen (ROS) and nitrogen (RNS) species and their
elimination by protective mechanisms leads to oxidative
stress. Mitochondria are the main source of ROS as
by-products of electron transport chain. Most of the
time the intestine responds adequately against the
oxidative stress, but with aging or under conditions
that exacerbate the ROS and/or RNS production, the
defenses are not enough and contribute to developing
intestinal pathologies. The endogenous antioxidant
defense system in gut includes glutathione (GSH)
and GSH-dependent enzymes as major components.
When the ROS and/or RNS production is exacerbated,
2+
oxidative stress occurs and the intestinal Ca absorp
tion is inhibited. GSH depleting drugs such as DLbuthionine-S,R-sulfoximine, menadione and sodium
2+
deoxycholate inhibit the Ca transport from lumen to
blood by alteration in the protein expression and/or
2+
activity of molecules involved in the Ca transcellular
and paracellular pathways through mechanisms of
oxidative stress, apoptosis and/or autophagy. Quercetin,
melatonin, lithocholic and ursodeoxycholic acids block
the effect of those drugs in experimental animals by
their antioxidant, anti-apoptotic and/or anti-autophagic
properties. Therefore, they may become drugs of choice
2+
for treatment of deteriorated intestinal Ca absorption
under oxidant conditions such as aging, diabetes, gut
inflammation and other intestinal disorders.
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Core tip: Glutathione depleting drugs inhibit the
2+
intestinal Ca absorption by alteration in the protein
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only because they contain a large number of ROSproducing enzymes, but they also interplay with
other organelles, mainly with the mitochondria and
[15]
endoplasmic reticulum (ER) . The accumulation of
unfolded and misfolded proteins in the ER lumen,
known as ER stress, activates the unfolded protein
response, which enhances the ER capacity for protein
folding and modification, attenuates global mRNA
translation, and disposes misfolded proteins by ERassociated protein degradation and autophagy. The
dysregulated disulfide bond formation and breakage
in a stressed ER, may produce ROS accumulation and
[16]
cause oxidative stress .
The small intestine is the main organ of exposure
and/or absorption of nutrients, toxic food contaminants
and therapeutic drugs. It is also exposed to secreted
metabolites and the metabolic products coming from
the intestinal bacteria. The alteration of the integrity
and/or function of the intestinal epithelium produce
[17]
a negative impact on the rest of the organism .
Therefore, the disequilibrium in the redox state of
gut is not only important for its functionality, but
also for the entire body. Fortunately, most of the
time the intestine responds adequately against the
oxidative stress, but with aging or under conditions
that exacerbate the ROS and/or RNS production
the defenses are not enough, which contribute to
developing intestinal pathologies such as inflammatory
bowel disease (IBD), gastroduodenal ulcers, colon
[18-20]
cancer and others
.

expression and/or activity of molecules involved in the
2+
transcellular and paracellular Ca pathways through
mechanisms of oxidative stress, apoptosis and/or
autophagy. Quercetin, melatonin, lithocholic and
ursodeoxycholic acids block the effect of those drugs
in experimental animals by their antioxidant, antiapoptotic and anti-autophagic properties. Therefore,
they may become drugs of choice for treatment of
2+
deteriorated intestinal Ca absorption under oxidant
conditions such as aging, diabetes, gut inflammation
and other intestinal disorders.
Diaz de Barboza G, Guizzardi S, Moine L, Tolosa de Talamoni N.
Oxidative stress, antioxidants and intestinal calcium absorption.
World J Gastroenterol 2017; 23(16): 2841-2853 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i16/2841.htm
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INTRODUCTION
The imbalance between the production of reactive
oxygen (ROS) and nitrogen (RNS) species and
their elimination by protective mechanisms leads
[1]
to oxidative stress . This response occurs in vari
ous pathophysiological conditions such as aging,
inflammation, cardiovascular and neurodegenerative
diseases, damaging many components including
[2-5]
proteins, DNA/RNA and lipids
. The cellular
dysfunctions caused by excessive ROS and/or RNS
might produce loss of energy metabolism, altered cell
signaling and cell cycle, gene mutations and impaired
cellular transport mechanisms. Taken together,
the oxidative stress promotes decreased biological
activities, immune activation and inflammation.
Moreover, the nutritional stress produced by high-fat
and high-carbohydrate diets also generates oxidative
stress, which leads to initiation of pathogenic milieu
[6-8]
and development of different chronic diseases
.
ROS are also generated by other exogenous sources
such as ultraviolet radiation, alcohol consumption,
cigarette smoking, ingestion of nonsteroidal anti[9,10]
inflammatory drugs and infections
. Ischemia/
reperfusion (I/R) injuries also contribute to exacerba
[11]
ting ROS production . ROS are normally produced
within the body in small quantities and are involved
in the regulation of processes, maintenance of cell
homeostasis and functions such as signal transduction,
[12]
gene expression, and activation of receptors .
Mitochondria are one of the most relevant sources
of ROS and RNS. The organelles produce ROS
and organic peroxides as by-products during the
functioning of the electron transport chain (ETC),
and, in hypoxic conditions, they also produce nitric
oxide (˙NO), one RNS that can further lead to
produce reactive aldehydes, malondialdehyde and
[13,14]
4-hydroxynonenal
. Peroxisomes also play a major
role in the cellular ROS and RNS-metabolism, not

WJG|www.wjgnet.com

FORMATION OF ROS AND RNS IN THE
GUT
ROS are not only highly reactive and continuously
produced as by-products of cellular respiration, but are
also generated by enzymatic reactions. ROS include
radical compounds such as superoxide (O2 ˙), hydroxyl
radicals (˙HO), lipid hydroperoxides, and reactive
1
nonradical compounds including singlet oxygen ( O2),
hydrogen peroxide (H2O2), hypochlorous acid (HOCl)
[21]
and others . RNS include radical compounds such
as ˙NO, nitrogen dioxide (˙NO2), and nonradical
compounds such as peroxynitrite (ONOO ) and dini
trogen trioxide (N2O3). Most of these compounds are
unstable because of unpaired electrons in the outer
electron orbit. When ROS are accumulated, the major
cellular antioxidants such as glutathione (GSH) and
thioredoxin alter their redox state, and the antioxidant
defenses decline.
In the mitochondria, the electron leakage from ETC
complexes Ⅰ and Ⅲ produces a reduction of molecular
- [22]
oxygen forming O2 ˙ . In contrast, cytochrome c
oxidase (complex Ⅳ) is not an important source of
ROS. It reduces molecular oxygen to two molecules
[23]
of H2O through a four-electron reduction . NADPH
oxidase, present in the plasma membrane and
phagosomes of phagocytes (monocytes, macrophages,
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neutrophils and eosinophils), also produces an im
portant amount of O2 ˙ in the intestine, mainly in
conditions of inflammation induced by Helicobacter
[8]
pylori, IBD, and tumor development . Xantine oxidase
(XO) is another enzyme that generates O2 ˙ as a byproduct by oxidation of hypoxanthine to xanthine, and
then to uric acid during purine catabolism. In the I/R
of gut, this enzyme produces an enormous quantity
of ROS because the oxidation of hypoxanthine is
[24,25]
increased
. XO exists mainly in the small intestine
and it may be a major source of ROS in patients
[26]
during colon surgery . The enzyme is predominantly
present as xantine dehydrogenase under physiological
conditions, but it can be transformed by proteolysis
into XO. In acute pancreatitis, XO is mobilized from
[27]
the gastrointestinal endothelial cell surface . The
enzymes of the XO family share a molybdenum
cofactor (Moco), which is a trace element and crucial
[28]
for life . The reason the mature enterocytes, located
at the tip of the microvilli, are more sensitive to I/R
than their undifferentiated counterparts located in
the villus base seems to be related, at least in part,
[29]
to the higher expression and activity of XO . The
nutritional deficiency in Mo has been associated
with high risk of esophageal cancer in populations
[30]
consuming food grown in molybdenum-poor soil .
ROS are also produced in the intestine by other
enzymes such as myeloperoxidases, lipoxygenases,
ciclooxygenases and transition metals as copper and
iron. ˙NO is a weak oxidant generated by oxidation of
L-arginine, reaction catalyzed by nitric oxide synthase
(NOS). When ˙NO combines with O2 ˙, it generates
[31]
OONO , which is highly reactive . OONO provokes
enterocyte apoptosis, reduces enterocyte proliferation
[32]
and interferes with epithelial renewal . ˙NO and
OONO produce stable nitrite and nitrate ions, which
can be accumulated in cells leading to form high
reactive intermediates, such as ˙NO2 and N2O3. These
intermediates may cause nitration and nitrosation of
DNA, RNA, proteins and lipids with the consequent
[33]
dysfunction of these molecules .

are not in equilibrium with each other in mitochondria,
nucleus, the secretory pathway and the extracellular
[36]
space . Mitochondrial GSH is responsible for 15%
[37]
to 30% of total GSH . In the ER, the GSH/GSSG
ratio ranges between 3/1 and 1/1. It is more oxidized
than cytoplasmic GSH/GSSG ratio, which varies
between 30/1 to 100/1. GSH in the ER was mainly
detected as protein mixed disulfides, which means
that it would regulate the activity of redox-active thiol[38]
containing proteins . Protein S-glutathionylation
is independently controlled in the cytoplasmic and
nuclear compartments and the GSH/GSSG redox
potential is probably more reduced in nucleus than in
[36]
cytoplasm . The cytosolic enzymes γ-glutamylcysteine
ligase and GSH synthetase are involved in de novo
GSH synthesis, while the regeneration of GSH from
GSSG is catalyzed by NADPH-dependent GSSG
[39]
reductase . In transport epithelial cells as occurs in
enterocytes, γ-glutamyltransferase and dipeptidase
catalyze the hydrolysis of extracellular GSH to its
[40]
constituent amino acids .
The distribution between nuclear GSH and cyto
plasmic GSH is dynamic. The GSH concentration in
nucleus is 4 times higher than in cytoplasm during cell
cycle and is equal in both compartments when cells
[41]
are confluent . The intestinal GSH levels depend on
the de novo synthesis, regeneration from GSSG and
[40]
the GSH uptake at the apical membrane . It appears
that the cellular GSH/GSSG redox status governs cell
transitions from quiescence to that of a proliferative
state, as well as the growth arrest, differentiation
and apoptosis, not only in the intestine but also in
other cells. A reducing redox environment favors
proliferation, whereas an oxidized milieu stimulates
[42]
growth arrest and differentiation . If the redox
environment is highly oxidized, it promotes apoptosis
or necrosis. Mitochondria are involved in the oxidant[43]
mediated cellular apoptosis . Loss of mitochondrial
GSH (mtGSH) produces mitochondrial transition pore
[44]
opening , inhibits ETC, decreases ATP and increases
[45,46]
ROS generation, which leads to cell apoptosis
.
mtGSH also preserves intestinal mitochondrial genes and
[47]
functional integrity . Another GSH pool, the luminal
GSH pool, has an important role in the processes of
absorption and detoxification as well as in maintenance
[48-50]
of mucus fluidity
.
The thioredoxin system is composed of thioredoxin
(Trx) and thioredoxin reductases (TrxR). It has a large
number of functions in DNA synthesis, defense against
oxidative stress and apoptosis or redox signaling. It is
located in the cytoplasm, membranes, mitochondria,
and in the extracellular space. Oxidized Trxs are
reactivated by TrxRs through the reducing power of
[51]
NADPH . Trx expression is very high in the intestine
[52]
and has an important role in gut immune response .
It has been demonstrated that Trx is involved in redox
regulation of human β-defensin 1, a protein with
[53]
antimicrobial activity . Ulcerative colitis involving Trx

ENDOGENOUS ANTIOXIDANT DEFENSE
SYSTEM IN THE GUT
Any substance or compound that scavenges oxygen
free radicals or inhibits the cellular oxidation process is
[34]
considered an antioxidant . The main non enzymatic
antioxidants in gut are GSH and the thioredoxin
system. GSH is a tripeptide formed by L-glutamate,
L-glycine and L-cysteine, and is present in millimolar
concentration (2-10 mmol/L) in all eukaryotic cells.
The oxidation of GSH to disulfide of glutathione
(GSSG) and subsequent decrease in the GSH/GSSG
couple is often a useful indicator of cellular oxidative
[35]
stress . There are different pools of GSH in the cell.
The total cellular GSH/GSSG ratio mainly represents
the cytoplasmic GSH/GSSG pool. GSH/GSSG ratios
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2+

as a candidate marker has been revealed by proteomic
[54]
profiles of colonic biopsies .
The major GSH-dependent enzymatic antioxidants
in the intestine are superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione-reductase
(GR) and catalase (CAT). SOD and CAT provide
[8]
major antioxidant defenses against ROS . SODs
are enzymes that catalyze dismutation of O2 ˙ into
O2 and H2O2. In humans there are three isoforms of
SOD: cytosolic copper and zinc-containing enzyme
2+
2+
(Cu /Zn -SOD), manganese-requiring mitochondrial
2+
2+
2+
enzyme (Mn -SOD), and an extracellular Cu /Zn
2+
containing SOD. Mn -SOD has an indispensable role
in protecting aerobic life from deleterious effects of
oxygen. It could be considered as the guardian of the
2+
powerhouse. Mn -SOD can scavenge O2 ˙ genera
ted by the ETC complexes and may be important
in preventing ROS-induced inactivation of these
[55]
complexes . Injuries of the GIT can be prevented by
SOD in the gastrointestinal mucosa. Intestinal epithelia
from IBD patients have enhanced levels of all three
[56]
SOD isoforms . H2O2, itself a ROS, is decomposed
into water by different enzymes including GPx, CAT
[57]
and peroxiredoxins . GPx reduces not only H2O2, but
also lipid hydroperoxides. In the intestine there are
[58]
four isoforms of GPx . GPx1 is present in all cell types
of the gut, GPx2 is predominantly expressed in the
epithelial cells, GPx3 is secreted in plasma, and GPx4 is
[59]
expressed in epithelial cells and the lamina propria .
GPx2 is in the first line of defense against ROS derived
from inflammation associated with both pathogenic
[58]
and nonpathogenic bacteria from the intestine . GR
is a ubiquitous enzyme that reduces GSSG to GSH.
GR is a NADPH-dependent flavoprotein. Two electrons
of reducing power are extracted from NADPH and
transferred to reducing GSSG into two molecules of
[60]
GSH . CAT, which is found mainly in peroxisomes,
dismutates H2O2 to H2O and O2. It is present in all
human organs and in many pathogens in the GIT to
evade host response and survive within the host. In
addition, CAT is also expressed in mitochondria and
[61]
is considered to protect cells from apoptosis . Taken
together, all these enzymes and endogenous non
enzymatic antioxidants contribute to the equilibrium
in the redox state of the intestine under physiological
conditions. However, excessive ROS and/or RNS may
still lead to oxidative damage to tissue and organs.
Hence, the application of antioxidants seems to be
a rational therapeutic strategy to prevent or cure
diseases involving oxidative stress.

segment and the Ca solubility are important factors
2+
affecting the intestinal Ca absorption. The solubility
depends on the environmental pH. Although the
solubility is higher in the stomach because of the acidic
2+
pH, this is less relevant because Ca is absorbed
in the small and large intestine. It appears that the
duodenum is the site with the maximum solubility
2+
of Ca because the average pH is 6.0, the lowest of
[63]
2+
the entire gut . The Ca absorption rate occurs in
[64]
this order: duodenum > jejunum> ileum . Since
the major source of ATP is the mitochondria, the
integrity and functionality of these organelles are
2+
necessary to produce an appropriate intestinal Ca
absorption. Growth, pregnancy and lactation promote
2+
the intestinal Ca absorption, while aging decreases
[65-68]
cation absorption
. The efficiency of the intestine to
2+
absorb Ca increases not only when the requirements
[69]
enhance, but also when the intake is low . In other
2+
words, the intestinal Ca absorption depends on the
2+
physiological needs of Ca .
2+
There are two mechanisms of intestinal Ca
absorption: transcellular and paracellular. Both
mechanisms are regulated by hormones, nutrients
and other factors. The transcellular pathway comprises
three steps: entry across the brush border membrane
(BBM) of the enterocytes, intracellular diffusion
from one pole to the other of the epithelial cells and
exit through the basolateral membrane (BLM). In
2+
the BBM there are Ca epithelial channels, called
transient receptor potential vanilloid-family member
6 (TRPV6) and transient receptor potential vanilloidfamily member 5 (TRPV5), which are apparently
2+
involved in the Ca uptake from the lumen to inside
[70]
the cell through the BBM . TRPV6 predominates in
the intestine, whereas TRPV5 in the kidney. Cav1.3 is
another channel from the BBM, which is apparently
2+
involved in the active transcellular Ca absorption.
TRPV6 would predominate under polarizing condi
tions between meals, whereas Cav1.3 would play a
dominant role under depolarizing conditions during
2+[71]
digestion, mainly when diet is plentiful in Ca
. In
v
contrast, some authors demonstrate that Ca 1.3 is not
2+
critical for active intestinal Ca absorption in vivo in
[72]
mice . Calbindin D9k in mammals and calbindin D28k
in birds are cytoplasmic proteins that carry the cations
[73]
as a ferry from the BBM to the BLM . Calbindins
2+
2+
also buffer Ca , which maintains intracellular Ca
-7
concentrations below 10 M and prevents cell death
2+
by apoptosis. The excess of Ca that occurs when
there is a down-regulation of calbindins may trigger
apoptosis in the epithelial cells, as shown in different
[74,75]
tissues
. In the BLM, there are two proteins
2+
involved in the Ca exit to the lamina propria: the
2+
plasma membrane Ca -ATPase (PMCA), an ATP2+
dependent transporter that pumps Ca out of the
[76]
+
2+
cytosol , and the Na /Ca exchanger (NCX), whose
+
+
activity depends on the gradient created by Na /K [77]
ATPase . The predominant isoform in the intestine

MECHANISMS OF INTESTINAL CALCIUM
ABSORPTION
2+

The intestinal Ca absorption is an active process (ATP
dependent) that mainly occurs in the small intestine,
which is responsible for approximately 90% of overall
2+
[62]
Ca absorption . The sojourn time in each intestinal
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2+

is PMCA1b, mainly located in the caveolae. PMCA1b
2+
is responsible for the major Ca exit to the lamina
propria. Its expression and activity are higher in
villus tip enterocytes than in villus crypt cells, which
is in agreement with the hypothesis that mature
enterocytes have the greatest ability for transcellular
2+
[78]
Ca movement . NCX also presents several isoforms,
[79]
but NCX1 predominates in the intestine . It has a
+
2+
stoichiometry of 3 Na :1 Ca and can function in either
2+
a forward mode (Ca extrusion) or in a reversed mode
2+
+
2+
(Ca entry), depending on the Na and Ca gradients
[80]
and the membrane potential . Another novel protein
4.1R, which co-localizes with PMCA1b, could have an
2+
important role in the transcellular Ca pathway, but its
[81]
physiological function is not well known .
2+
The paracellular Ca pathway occurs through tight
junctions (TJ), intercellular structures where plasma
membranes of adjacent enterocytes have very close
contact. This pathway has been poorly studied, but
apparently Claudin (Cldn)-2 and Cldn-12 would be
2+
[82]
responsible for transporting Ca in the intestine .
2+
Ca movement through the TJ is a non-saturable
process, which depends on the concentration and
2+
the electric gradient across the epithelium. High Ca
intakes switch on the paracellular route due to a short
sojourn time in the intestine and a down-regulation
[83]
of proteins involved in the transcellular pathway . It
has been observed that the expression of paracellular
TJ genes is regulated by the transcellular calbindin
2+
protein, suggesting that active and passive Ca
[84]
transport pathways may work cooperatively .

oxidant compound that alters the intestinal Ca
[88]
absorption via GSH depletion . MEN metabolism
involves redox cycling, resulting in the release of ROS.
MEN may undergo one or two-electron reduction.
When MEN suffers one-electron reduction, there is
formation of very unstable semiquinone radicals;
they react rapidly with O2 resulting in regeneration of
the parent compound and production of O2 ˙ yielding
H2O2 through enzymatic or spontaneous dismutation.
Two-electron reduction of MEN by DT-diaphorase
produces hydroquinone, a pathway that constitutes
[89]
a detoxification mechanism . GSH is the electron
donor in both cases, which explains the depletion of
the intestinal tripeptide after MEN treatment. GSH
depletion triggers oxidative stress as demonstrated by
generation of ˙HO and O2 ˙ groups and an increase
in the protein carbonyl content, which deteriorate the
2+
activities of enzymes or proteins involved in the Ca
movement from lumen to blood. In fact, the activities
2+
of IAP and the plasma membrane Ca -ATPase as well
as the expression of PMCA1b, calbindin D28k and Cldn-2
[88,90]
were decreased by MEN treatment
. At the studied
2+
doses, the inhibitory action of MEN on intestinal Ca
absorption began in half an hour, lasted for several
hours and finished after 9 or 10 h of treatment,
indicating that the effect was transient, probably
because the intestine could reinforce its ability to
[88]
overcome the oxidative stress . The inhibitory effect
2+
of MEN on intestinal Ca absorption implied intestinal
mitochondrial dysfunction. As mentioned above, the
2+
optimal intestinal Ca absorption needs the integrity
of intestinal mitochondria because it is the main source
of metabolic energy. MEN caused mtGSH depletion,
but it rapidly normalized. However, the mitochondrial
membrane potential decreased and, simultaneously,
cytochrome c was released from the intermembrane
space to the cytoplasm, at least in mature enterocytes,
which suggested triggering of apoptosis. In fact, this
process was confirmed by DNA fragmentation that
occurred in the 30%-40% of enterocytes, without
affecting 60%-70% of the absorptive cells. In other
2+
words, the inhibitory effect of MEN on intestinal Ca
absorption was partial and transient. The activity of
two oxidoreductases from the Krebs cycle, malate
dehydrogenase and α-ketoglutarate dehydrogenase,
was reduced by MEN in 18% and 30%, respectively.
This means that the majority of mitochondria remained
competent for ATP synthesis, making possible the
[91]
2+
process of apoptosis
and a poor intestinal Ca
absorption. MEN not only produced intestinal apoptosis
through the mitochondrial pathway, but also by
[92]
triggering the expression of FAS/FASL/caspase-3 .
2+
2+
Although an enhancement in the Cu /Zn -SOD,
2+
CAT, GPx and Mn -SOD activities could represent
cytoprotective mechanisms against the oxidant effects,
they were insufficient to avoid an inhibition in the
2+
[92-94]
overall process of intestinal Ca absorption
. The
results supported previous data showing alterations

ACTIONS OF PRO-OXIDANTS ON
INTESTINAL CALCIUM ABSORPTION
Twenty years ago, we reported that DL-buthionine-S,Rsulfoximine (BSO), an inhibitor of GSH biosynthesis,
2+
decreased the intestinal Ca absorption in vitamin
D-deficient chicks treated with cholecalciferol. This
response was reversed by addition of GSH monoester
to the intestinal sac, demonstrating for the first time
that the intestinal GSH normal levels are essential
2+
for an adequate intestinal Ca absorption. In vitamin
D-deficient chicks without treatment, BSO did not affect
2+
the Ca transport and the GSH content beyond the low
[85]
values already triggered by the vitamin deficiency .
The activity of intestinal alkaline phosphatase (IAP),
2+
an enzyme presumably involved in the intestinal Ca
absorption, was also highly reduced by BSO in vitamin
D-deficient chicks treated with vitamin D3. The effect of
BSO was observed either in vivo or in vitro. BSO did not
act directly on IAP, but it caused GSH depletion which
led to changes in the redox state of the enterocyte, as
evidenced by the ˙HO production and an incremental
increase in the protein carbonyl content. Again the
reversibility of the BSO effect was demonstrated by
[86,87]
addition of GSH monoester to the gut loop
.
Menadione (MEN) or vitamin K3 is another pro-
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2+

[40]

in the intracellular thiols and Ca homeostasis,
ATP depletion and DNA breakage after toxic MEN
[95-97]
concentrations
.
Sodium deoxycholate (NaDOC), a sodium salt
of a major hydrophobic bile acid, also inhibits the
2+
intestinal Ca absorption at high physiological doses.
This inhibition is time and dose dependent. We have
demonstrated that PMCA1b decreased by the bile salt
and the same occurred with the protein expression
of PMCA1b, calbindin D28k and NCX1. NaDOC also
produced GSH depletion, as well as ROS generation
and mitochondrial swelling, which in turn led to
mitochondria mediated apoptosis. Briefly, a single
2+
high concentration of NaDOC inhibits intestinal Ca
absorption via downregulation of proteins involved
in the transcellular pathway, as a result of oxidative
[98]
stress and apoptosis . Similarly, in a rat model of
type 1 Diabetes mellitus induced by streptozotocin,
we have also demonstrated oxidative stress in the
intestine at early stages of developing of disease,
2+
leading to inhibition of the intestinal Ca absorption.
Simultaneously, time-dependent adaptive mechanisms
triggered an increment in the protein expression
of molecules involved in both the transcellular and
the paracellular pathways, which contributes to
2 +
normalizing the intestinal Ca absorption as well as
[99]
the duodenal redox state .
Diets rich in fat also produce redox imbalance and
increased oxidative stress in the duodenum causing
down-regulation of calbindin D9k, PMCA1b and NCX,
and consequently, an inhibitory effect on intestinal
2+
[100]
[101]
Ca absorption
. Orihuela et al
have found that
2+
aluminium interferes with Ca uptake by enterocytes
through a decrease in the intestinal GSH level
affecting calbindin D function and/or synthesis, which
2+
leads to a reduced transcellular Ca absorption. Wu et
[102]
al
have reported that advanced oxidation protein
2+
products decrease the expression of Ca transporters
in small intestine via the p44/42 MAPK signaling
pathway. They consider that these data are relevant
to understanding the mechanisms of IBD-associated
osteoporosis.
In summary, not only drugs but diet components
or pathophysiological conditions that occur with GSH
depletion or increased oxidative stress are deleterious
2+
for the intestinal Ca absorption because they alter
the protein expression and/or activities of molecules
2+
involved in the transcellular and/or paracellular Ca
pathways. Figure 1 is a schematic representation of
the possible mechanisms involved in the inhibition of
2+
intestinal Ca absorption caused by oxidative stress.

oxidant conditions . However, when there is a
noticeable shift to the oxidation, they cannot respond
adequately. It has been suggested that natural or
synthetic compounds would help to overcome the
[103,104]
disequilibrium
. In our laboratory, we have
2+
demonstrated that the inhibition of intestinal Ca
absorption caused by oxidants, mainly causing GSH
depletion, could be either prevented or restored
[92]
by quercetin
(QT, a plant derived flavonoid),
[90,94]
melatonin
(MEL, a natural antioxidant present
[105]
in humans), lithocholic (LCA)
or ursodeoxycholic
[106]
(UDCA)
acids (bile acids less hydrophobic than
deoxycholic acid). QT is a polyphenolic flavonoid
found in several fruits and vegetables of the human
[107]
diet , mainly highly concentrated in onions, tea and
[108]
apples . It is a potent scavenger of ROS with various
pharmacological properties such as anticancer-activity,
anti-virus and anti-inflammatory effects reducing the
[109,110]
risk of cardiovascular and renal diseases
. QT
inhibits enzyme systems responsible for the generation
of ROS (cyclooxygenase, lipoxygenase and xanthine
[111]
oxidase)
, binds to superoxide anions, singlet
oxygen and hydroxyl radicals, and as a consequence
[112]
reduces lipid peroxidation
, chelates transition
[113,114]
metals such as iron and copper
, and inhibits the
[115]
aldose reductase activity
. We could demonstrate
2+
that QT protects the intestinal Ca absorption against
the inhibition provoked by MEN, but by itself does not
affect it. Similarly, QT abolishes the GSH depletion
caused by the quinone, but QT alone does not modify
the intestinal GSH content. The flavonoid also avoids
changes in the mitochondrial membrane permeability
and abrogates the activation of FASL/FAS/caspase-3
[92]
pathway caused by MEN . Conclusively, QT may
2+
be useful to prevent the inhibition of intestinal Ca
absorption caused by MEN or other GSH depleting
drugs by blocking the oxidative stress and apoptosis.
In contrast, the soy isoflavones have shown a lack of
2+
dose-responsive on transepithelial Ca transport in
[116]
human intestinal-like Caco-2 cells
, although they
may reduce bone loss in postmenopausal women,
which suggests that they act directly on bone cells.
We have also demonstrated that MEL may also
2+
restore the intestinal Ca absorption altered by
[94]
MEN . MEL is an indolamine that is present in
[117]
all phyla of multicellular animals
. Although its
main site of synthesis is the pineal gland, MEL is
synthesized in other extracellular sites such as the
[118]
intestine
, where the MEL level is 400 times larger
[119]
than that from the pineal gland . It has been shown
that MEL scavenges ROS and protects against the
deleterious effects of I/R through a stimulation of
certain antioxidant enzymes preserving cellular energy
[120,121]
and preventing mitochondrial damage
. In our
study, we have shown that MEL blocks the inhibition
2+
of the intestinal Ca absorption caused by MEN, at
least in part, by increasing the activity of antioxidant
enzymes, returning GSH and protein carbonyl values
to control levels, and rescuing the epithelial cells from

ANTIOXIDANTS AND THEIR MOLECULAR
MECHANISMS FOR THE PRESERVATION
OF INTESTINAL CALCIUM ABSORPTION
As mentioned earlier, endogenous enzymatic and
nonenzymatic compounds defend the cells under

WJG|www.wjgnet.com

2846

April 28, 2017|Volume 23|Issue 16|

Diaz de Barboza G et al . Oxidative stress and Ca2+ absorption
Lumen

2+

Ca

IAP

FASL
Lipid
hydroperoxides

TRPV5

TRPV6

GSSG + H2O
GPx

FAS

Protein
carbonyls

GR

GSH
Caspase 8
H2O2 +O2
.
OH + OH + O2

SOD
2H

+

-

O2

CAT

Cyt c

H2O + O2
L-arginine + O2

TJ
(Cldns-2 and 12)

iNOS

Caspase 3

.
Citrulline + NO + H2O

-

ONOO

Apoptosis
DNA
fragmentation

Calbindin D

ATP

ATP + Pi
Na

+

NCX1

4.1R

Blood

PMCA1b

Calcium absorption

Figure 1 Schematic representation of the possible mechanisms involved in the inhibition of intestinal Ca2+ absorption caused by oxidative stress. TRPV6:
Transient receptor potential vanilloid 6; TRPV5: Transient receptor potential vanilloid 5; IAP: Intestinal alkaline phosphatase; GSSG: Disulfide of glutathione; GSH:
Glutathione; GPx: Glutathione peroxidase; GR: Glutathione reductase; SOD: Superoxide dismutase; CAT: Catalase; Cyt c: Cytochrome c; Cldns: Claudins; iNOS:
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[94]

apoptosis . More recently, we have also proven that
MEL not only restores but also prevents the inhibition
2+
of intestinal Ca absorption provoked by GSH de
[90]
pleting drugs such as MEN and BSO . MEL restores
2+
partially both the transcellular and paracellular Ca
pathways altered by the quinone, through dampening
the O2 ˙ levels without affecting the ˙NO system. MEL
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was able to return the decreased protein expression
of calbindin D28K and Cldn-2 caused by MEN to the
control values, but it could not restore the levels of
2+
PMCA1b. As MEL has beneficial effects on both Ca
transport mechanisms, it might improve the intestinal
2+
Ca absorption under conditions of low or adequate
2+
Ca intake. The modulation of Ca transporters by MEL
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[122]

has also been reported in pancreatic acinar cells
[123]
and in pituitary cells . Another mechanism by which
2+
MEL blocked the inhibition of intestinal Ca absorption
was the attenuation of the mitochondrial dysfunction
in the duodenum, which has been also observed to be
[124-126]
produced by MEL in other tissues and cells
.
Two other molecules with antioxidant properties such
as UDCA and LCA were shown to block the inhibitory
2+
effect of NaDOC on intestinal Ca absorption. UDCA
and LCA are two bile acids with different solubility,
[127]
chemical properties and physiological functions
.
UDCA is a non-toxic hydrophilic bile acid used for
treatment of gallstones and primary biliary cirrhosis
[128]
(PBC)
. UDCA is naturally present in humans in a
concentration of about 1%-3% of the total bile acid
pool. When used in PBC treatment, its concentration
increases to 40%-60%, making UDCA the predominant
bile acid. The hydrophilicity of bile via UDCA serves to
[129]
ameliorate cholestasis and minimize toxicity . At the
intestinal level, we have shown that UDCA increases
2+
2+
the Ca absorption modulating positively the Ca
uptake by mature enterocytes, which occurs in part
as a result of increasing the vitamin D receptor (VDR)
[106,130]
unit numbers
. When UDCA is simultaneously
administered with NaDOC, UDCA avoids the inhibitory
2+
effect of NaDOC on intestinal Ca absorption. One of
the molecular mechanisms involved in this response
is the attenuation of the apoptotic extrinsic pathway
triggered by NaDOC. UDCA by itself decreases FAS
and FASL protein expression and neither alters caspase
8 protein expression nor caspase 3 activity. In the
presence of NaDOC, UDCA avoids the apoptotic effect
of NaDOC normalizing the protein expression of FAS,
FASL, caspase-8 and the enzyme activity of caspase-3.
The NaDOC induced apoptosis is mediated by increment
in the NO content and in the iNOS protein expres
sion, effects that were abolished by UDCA. Another
molecular mechanism triggered by UDCA is to avoid the
enhancement in the LC3 II protein expression and the
number of acidic vesicular organelles in the presence
of NaDOC. In other words, UDCA avoids efficiently
not only NO induced apoptosis, but also autophagy
[130]
triggered by NaDOC .
LCA is a secondary bile acid produced by the intes
[131]
tinal microflora. It binds to VDR
, has antibacterial
[132]
activity , produces antiproliferative and pro-apoptotic
[133,134]
effect on human cancer cell lines
, inhibits
[135]
[136]
proteasome , acts as a membrane pore
and has
[137]
anti-aging properties
. It is worldwide recognized
that 1,25(OH)2D3 is the main stimulator of the intestinal
2+
Ca absorption, and both LCA and 1,25(OH)2D3 are
VDR ligands, although they have different VDR binding
[138]
affinity
. In a recent study, we have demonstrated
2+
that neither the intestinal Ca absorption nor the
redox state of enterocytes is changed by LCA alone.
2+
Interestingly, LCA did not alter the intestinal Ca
absorption but prevented the inhibitory effect of
[105]
NaDOC . LCA blocked a decrease caused by NaDOC
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on gene and protein expression of molecules involved in
2+
the transcellular pathway of intestinal Ca absorption,
ameliorated changes in mitochondrial membrane
permeability and abrogated the enhancement in the
protein expression of molecules from the apoptotic
[105]
extrinsic pathway
. In addition, the simultaneous
treatment of NaDOC and LCA blocked the oxidative
stress caused by NaDOC, which indicates that LCA
shows antioxidant and antiapoptotic properties in the
presence of a pro-oxidant molecule as NaDOC. The
functional toxicity of LCA in humans is in question due
[139]
to the efficient human detoxification , therefore, the
2+
use of LCA to protect the intestinal Ca absorption
under oxidant conditions caused by medications or
pathological conditions might become a possible
therapeutic strategy.

CONCLUSION
2+

The optimal intestinal Ca absorption is highly
dependent on the intactness of intestinal GSH content.
GSH depleting drugs such as BSO, MEN or NaDOC
trigger oxidative stress, leading to apoptosis and/or
autophagy to finally produce inhibition of intestinal
2+
Ca absorption. Similarly, pathological conditions
associated with intestinal GSH depletion provoke
2+
oxidative stress and, hence, inhibition of intestinal Ca
absorption, as occurs in type 1 diabetes mellitus. The
use of antioxidants could be a therapeutic strategy to
protect or to restore the intestinal normal redox state
2+
maintaining an adequate intestinal Ca absorption.
QT, MEL, UDCA and LCA have been proven to be
2+
successful to normalize the Ca transfer from lumento-blood in experimental animals under oxidant
conditions. Therefore, they could be drugs of choice for
2+
the treatment of altered intestinal Ca absorption in
pathophysiological conditions such as diabetes, celiac
disease, IBD, aging and other disorders associated
with intestinal oxidative stress.
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REVIEW

Importance of antimicrobial susceptibility testing for the
management of eradication in Helicobacter pylori infection
Nazlı Arslan, Özlem Yılmaz, Ebru Demiray-Gürbüz
culture- or molecular-guided approaches face several
practical issues, such as the invasive procedures
required to obtain gastric biopsy specimens and
the lack of availability of routine laboratory testing
in some places, H. pylori treatment includes the
administration of two or three empirically selected
antibiotics combined with a proton pump inhibitor
rather than evidence-based eradication treatment. The
efficacy of empirical therapy is decreasing, mostly due
to increasing multiple resistance. Multiresistance to
levofloxacin, clarithromycin, and metronidazole, which
are commonly used in empirical treatments, appears
to have increased in many countries. Mutations play a
primary role in the antimicrobial resistance of H. pylori ,
but many different mechanisms can be involved in the
development of antibiotic resistance. Determining and
understanding these possible mechanisms might allow
the development of new methods for the detection
of H. pylori and the determination of antimicrobial
resistance. A treatment based on the detection of
antimicrobial resistance is usually more effective than
empirical treatment. Nevertheless, such an approach
before treatment is still not recommended in the
Maastricht guidelines due to the difficulty associated
with the routine application of available cultureor molecular-based susceptibility tests, which are
usually administered in cases of treatment failure.
The management of first and rescue treatments
requires further research due to the steadily increase in
antimicrobial resistance.
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Abstract
The management of Helicobacter pylori (H. pylori )
infection treatment differs from the common treatment
protocol for other infectious diseases. Because
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Core tip: Eradication failure is of great importance
in Helicobacter pylori (H. pylori ) infection. Antibiotic
resistance in H. pylori is widespread and increasing.
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[6,9,11,13]

. Many
due to high antibiotic-resistance rates
factors, such as antibiotic resistance, treatment
compliance, dosage administered, duration of therapy,
low gastric pH, cytochrome P450 2C19 (CYP2C19) gene
polymorphisms, high bacterial load, impaired mucosal
immunity and smoking, negatively affect the efficacy
[6,8,20]
of the first-line triple therapy
. The eradication
rates of the first-line standard therapy are 55%-57% in
Western Europe, 74.5% in China, 84% in South Korea
[8,21]
and 87% in Nigeria
. In cases of high clarithromycin
resistance, bismuth-containing quadruple therapy
(PPI, bismuth, tetracycline, and amoxicillin) or nonbismuth quadruple (concomitant) therapy has been
recommended by more recent Maastricht Guidelines as
[12-14]
the first-line therapy
. However, the success of these
[22]
therapies remains controversial . Other non-bismuth
quadruple therapies, including the sequential and hybrid
therapies suggested by the Maastricht Ⅳ/Florence
Consensus Report, are no longer recommended by the
latest Maastricht Ⅴ/Florence guideline as the first-line
treatment in regions with high clarithromycin resistance.
After first-line treatment failure, bismuth-containing
quadruple and levofloxacin-based triple therapies are
[12-14]
recommended as a second-line treatment
. In
addition, bismuth-containing levofloxacin quadruple
therapy is recommended as a second-line therapy
[12]
by the Maastricht Ⅴ/Florence Consensus Report .
For cases of dual clarithromycin and metronidazole
resistance (> 15%), only bismuth-containing quadruple
therapy is recommended. If bismuth is not available,
levofloxacin, rifabutin, and high-dose dual (amoxicillin
[12,14]
and PPI) therapies are also suggested
. Cultureor molecular-based antimicrobial susceptibility testing
[12,13]
should be considered for third-line treatment
. A
combination of bismuth with antibiotics or rifabutincontaining rescue therapy in regions with high fluoro
quinolone resistance is recommended by the recent
guideline after clarithromycin-based first-line treatment
and bismuth-containing quadruple-based second-line
[12]
treatment failure . In addition, the new three-in-one
capsule drug, which contains bismuth, tetracycline,
and metronidazole, could be important in this clinical
setting and shows better efficacy (93% intention to
[14]
treat) than the standard therapy . A recent European
multicentre survey performed in 2008-2009 reported
primary resistance rates of 17.5%, 14.1%, and 34.9%
for clarithromycin, levofloxacin, and metronidazole,
respectively, but the tetracycline, amoxicillin, and
rifampicin primary resistance rates were found to be
≤ 1%[6,16]. The quinolone resistance rates are high
in several countries, particularly Portugal, Hungary,
[18]
Austria, Belgium, France, Italy, and Germany . Thus,
high-efficacy therapy regimens are required for resistant
[6,16]
H. pylori strains
.
In routine clinical laboratories, the detection of
antimicrobial resistance for H. pylori is mainly based on
phenotypic methods performed after culture, including
gradient diffusion susceptibility testing (E-test) and

Therefore, understanding antimicrobial resistance
mechanisms and detecting H. pylori antimicrobial
susceptibility are important for guiding eradication
regimens before the initiation of first-line therapy or
alternative regimens for patients in whom repeated
eradication therapies have failed. This manuscript
presents an overview of the mechanisms of antimicrobial
resistance and the methods that have been developed
for the detection of resistance. It also highlights the
contribution of antimicrobial susceptibility testing to the
management of H. pylori eradication therapy.
Arslan N, Yılmaz Ö, Demiray-Gürbüz E. Importance of
antimicrobial susceptibility testing for the management
of eradication in Helicobacter pylori infection. World J
Gastroenterol 2017; 23(16): 2854-2869 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i16/2854.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i16.2854

INTRODUCTION
Helicobacter pylori (H. pylori) is an important gas
[1,2]
troduodenal pathogen of humans . H. pylori infection
is acquired in childhood and persists through life if a
[1,3-5]
successful antimicrobial regimen is not performed
.
Although most infected individuals are asymptomatic,
H. pylori infection is responsible for the development
of chronic gastritis, functional dyspepsia, and gastric
[6]
or duodenal ulcers (1%-10%) . More importantly, it
is also linked to gastric adenocarcinoma (0.1%-3%)
and gastric mucosa-associated lymphoid tissue (MALT)
[6-11]
lymphoma (< 0.01%) in infected individuals
. H.
pylori is defined as a Class I carcinogen by the World
Health Organization and the International Agency for
[6,8,10]
Research on Cancer
. In addition to gastrointestinal
disorders, H. pylori also plays a role in extradigestive
diseases, including immune thrombocytopenic purpura,
unexplained iron deficiency anaemia, and vitamin
B12 deficiency. The Maastricht Ⅳ and Ⅴ/Florence
Consensus Reports suggest that “H. pylori should be
sought and eradicated” for the management of these
[7-9,11-14]
disorders
.
The treatment regimens for H. pylori infection are
generally based on the use of two antibiotics and one
acid suppressant. Because H. pylori localizes on the
acidic surface of the gastric mucosa, an acid suppressant
(generally a proton pump inhibitor, PPI) is required
for maintaining a constant pH and facilitating bacterial
[3]
replication to increase the efficacy of antibiotics . The
standard triple therapy for H. pylori infection consists
of a PPI in combination with clarithromycin and either
[3,5,12-19]
amoxicillin or metronidazole
. Although the
efficacy of this treatment regimen was high (> 90%)
in the 1990s, the eradication rate of the triple therapy
has fallen below the rate of 80% recommended by
the Maastricht Ⅳ Consensus in recent years, mainly

WJG|www.wjgnet.com

2855

April 28, 2017|Volume 23|Issue 16|

Arslan N et al . H. pylori and antimicrobial resistance
[8]

the agar dilution method, which is preferred as a
reference method. These methods have disadvantages,
e.g., results are not obtained until 48-96 h after
[19,23,24]
inoculation of the agar plates
. The detection
of H. pylori and the determination of antimicrobial
resistance are very important before treatment if the
clarithromycin resistance rates in the area have reached
[25,26]
15%-20%
or the metronidazole resistance rates
[26]
have reached 40% . When bacterial culture cannot be
performed in a routine manner, molecular methods are
alternative approaches for determining antimicrobial
[23]
resistance . The application of susceptibility testing
prior to treatment does not always conclude with
successful therapy, but the useless administration of
inefficient antimicrobials, adverse drug effects, and
the development of antimicrobial resistance can be
[18]
minimized by pretreatment susceptibility testing . The
application of prior antimicrobial susceptibility testing
has increased the eradication rates to 97% in Japan and
[21]
from 84% to 95% in South Korea .
H. pylori treatment can be managed more accu
rately through antimicrobial resistance surveillance and
the use of effective tests to determine antimicrobial
susceptibility before treatment. The routine availability
and applicability of H. pylori culture- and molecularbased antimicrobial susceptibility testing vary by
country due to many factors, including a lack of
experienced personnel, cost effectiveness, and testrelated features, such as sensitivity and specificity.
The antimicrobial resistance patterns of H. pylori
vary from country to country and even from region
to region. A stool sample-based molecular approach
for detecting antimicrobial resistance in H. pylori
might enable more convenient, time-saving methods
that facilitate the applicability of susceptibility-guided
treatment. The determination and understanding of
the mechanisms that cause resistance can facilitate
the development of new antimicrobial susceptibility
methods that would allow identification of this
resistance dynamism and guide optimized treat
ment prior to application of a standard eradication
[6-8,27]
regimen
.
This manuscript presents an overview of the
mechanisms of antimicrobial resistance and discusses
the importance of antimicrobial susceptibility testing for
the management of the H. pylori infection treatment.

in Latin America . The clarithromycin resistance rate
[32]
in Turkey was recently reported to equal 24.8% .
However, high clarithromycin resistance rates, including
approximately 30% in Italy and Japan, approximately
40% in Turkey, and approximately 50% in China, were
[12]
also reported in the current guideline .
Resistance to nitroimidazoles is the most com
monly observed antimicrobial resistance in H. pylori.
Metronidazole and tinidazole are the most frequently
[25,33]
used nitroimidazoles for H. pylori treatment
.
There is cross-resistance between metronidazole and
tinidazole as well as ornidazole, which has not been
[25]
used to treat H. pylori infection . The resistance rates
for metronidazole are 20.3% in the United States,
63.9% in Beijing, China, 28.6%-43.8% in Europe,
[8]
53% in Latin America , 37.1% in Asia, 92.4% in
[30]
Africa, and 17.0% in Europe . Thus, metronidazole
[29]
resistance rates are highly variable . In developed
countries, metronidazole and related nitroimidazoles
are frequently used for gynaecological infections,
[29,34]
dental infections, and parasite-related diseases
.
Although high metronidazole resistance rates are due
to its common usage, the effect of high resistance
on the eradication of H. pylori can be overcome
by extending the duration time and increasing the
[8,9,32]
administered dose
.
High incidence of amoxicillin and tetracycline
resistance in H. pylori infection was observed in certain
geographic regions (e.g., Italy, Brazil, El Salvador,
India, and Lithuania) due to the non-prescription use
[33]
of these drugs . The amoxicillin resistance rates
have been reported to equal 17.2% in Korea, 72.5%
in India, 6.8% in China, 4% in Latin America, 2% in
the United States, 65.6% in Africa, 11.6% in Asia, and
0.5% in Europe. The tetracycline resistance rate was
generally < 1% but equaled 53.8% in India, 6% in
[21]
Latin America, 3.5% in China, and 2.3% in Israel .
The rate of tetracycline resistance did not significantly
differ among Europe (2.1%), Asia (2.4%), and United
States (2.7%) but was higher in Africa (43.9%).
Levofloxacin resistance was high in Beijing, China
[8]
(50.3%) , although the levofloxacin resistance rates
vary among countries: 14.9% to 38.6% in Japan and
11.9 to 6.8% in Taiwan. The recent resistance patterns
revealed rates of 7.7%-18.6% in Europe, 31.3% in the
United States, 41.3% in Vietnam, and 15% in Senegal
[8,21,30]
and Latin America
. Primary rifabutin resistance
[21]
was reported high in China (14.2%)
and Bulgaria
[34]
(12%)
but low in Germany (1.4%) and England
[30]
(6.6%) . In Turkey, the overall resistance rates to
clarithromycin, amoxicillin, metronidazole, tetracycline,
and levofloxacin in H. pylori were reported in a
systematic review to equal 24.9%, 1%, 33.7%, 3.5%,
[32]
and 23.8%, respectively .

ANTIMICROBIAL RESISTANCE
Antimicrobial resistance is one of the most common
[28,29]
reasons for treatment failure
. The prevalence of
H. pylori antibiotic resistance varies by geographic
[30]
area .
Clarithromycin is an acid-stable and the most
common bacteriostatic, first-choice antibiotic used for
[31]
the eradication of H. pylori infection . The resistance
rates to clarithromycin are high, varying from 16.4%
in the United States, to 37.2% in Beijing, China,
7.7%-21.5% in Europe, 55.6% in Japan, and 12%
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MECHANISMS OF ANTIMICROBIAL
RESISTANCE
Antimicrobial resistance in H. pylori is due to point
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mutations located on chromosome
, whereas
the mechanisms responsible for antibiotic resistance
in other bacteria are associated with mutations in
[33]
plasmids, transposons, or integrons . Instead of
horizontally transmitted plasmids, vertically transmitted
point mutations are involved in antimicrobial resistance
mechanisms. Transformation can occur when two
different strains (mixed population) are simultaneously
present in the stomach. As a consequence, a pro
gressive increase in resistance is observed due to
[36]
selection pressure .

encoding the Fur protein affects the resistance to
metronidazole by altering the cellular redox potential.
The exact role of this mediation of metronidazole
resistance by a scavenger system should be inves
tigated further. Metronidazole resistance is previously
reported to be related to one of the DNA repair
enzymes in H. pylori encoded by the recA gene, and
a significant decrease in metronidazole resistance
was observed in a recA-deficient strain. In addition,
overexpression of the hefA gene contributes to the
acquisition of metronidazole resistance through the
[10]
inhibition of metronidazole accumulation in H. pylori .
The above-mentioned mechanisms are important
factors in metronidazole resistance. However, the
predominant metronidazole resistance mechani
sms result primarily from mutations in the oxygeninsensitive NADPH nitroreductase gene (rdxA) and/or
the NADPH flavin oxidoreductase gene (frxA), which are
putative metronidazole nitroreductase-encoding genes
related to metronidazole resistance, and secondarily
from mutations in the fdxB gene, which encodes a
[10,40]
ferrodoxin-like protein
. High-level metronidazole
resistance can be enhanced by inactivation of the
[41]
reductase encoded by fdxB (ferrodoxin-like protein[39,41]
encoding gene) and frxA genes
. The frxA gene
plays a role in converting metronidazole into an active
[40]
compound that breaks down DNA . Frameshift
mutations, missense mutations, deletion of bases, and
the presence of an insertion sequence (mini-IS605)
have been demonstrated as four mechanisms of rdxA
[37]
inactivation . In addition, increased metronidazole
resistance is acquired by disruption of fdxB together
[10]
with inactivation of rdxA . Nonsense and/or fra
meshift mutations causing premature truncation of
both rdxA and frxA have been shown in all H. pylori
strains with high-level metronidazole resistance.
Intermediate metronidazole resistance in H. pylori
strains is caused by a single premature truncation of
either rdxA or frxA. The specific missense mutations
in frxA causes low-level metronidazole resistance in
H. pylori strains, and this effect is independent of any
specific changes in rdxA. Nonsense and/or frameshift
mutations in the rdxA gene have been reported in
[40]
68%-78% of metronidazole-resistant isolates .
However, other resistant strains showed no mutations
in rdxA, and are identified by amino acid substitutions
in the protein (R16H, A80T, A118S, Q197K, V204I,
Y46H, P51L, A67V and C19Y) that appear to be key
[10]
in the development of metronidazole resistance .
Because many factors contribute to the development
of metronidazole resistance and some important
mutations arising in the rdxA gene are independent
of H. pylori resistance to nitroimidazoles, the deve
lopment of molecular methods has not yet been
[42]
confirmed .

Metronidazole resistance

Metronidazole is a synthetic nitroimidazole with
bactericidal antibiotic function against microaerophilic
[11,25,33,37,38]
microorganisms
. This drug, which is
actively released into the gastric juice, is effective
against H. pylori because its antimicrobial activity
[33]
is only slightly affected by a low pH . It is widely
prescribed for the treatment of anaerobic bacterial
[10]
and protozoal infections . The antimicrobial activity
of metronidazole is based on the reduction of
[29]
metronidazole by nitroreductases, such as pyruvateflavodoxin reductase, via a single electron transfer
within the cytosol of microorganisms, a mechanism
that is particularly active in anaerobic bacteria
[10,11,37]
following the production of toxic metabolites
.
The intracellular redox potential of electron transport
components is connected to the reactions of this
[39]
reduction . Metronidazole must penetrate into the
[10,25]
bacterial cell for activation
, and flavodoxin or
ferrodoxin oxidized with electrons from the pyruvate
oxidoreductase complex (POR) subsequently reduces
the metronidazole nitro group in anionic radicals, such
as nitroso- and hydroxylamine derivatives, to inhibit
nucleic acid synthesis and attract the DNA of microbial
cells, resulting in an impaired DNA helical structure and
[10,39]
bacterial death
. The available molecular oxygen in
the specific intracellular microaerophilic environment
of H. pylori competes with metronidazole for electrons,
leading to a re-oxidation of metronidazole radicals
in a “futile cycle”. The formation of superoxides
[10]
results in DNA damage . The distinct mechanism
of metronidazole resistance in H. pylori has not yet
been clearly explained, but some factors that might
be relevant to metronidazole resistance mechanisms
in H. pylori are transport deficiency, drug modification
or export, loss or modification of the biological
target, increased activities of DNA repair enzymes,
increased expression of TolC homologous genes
(namely hp0605, hp0971, hp1327, and hp1489)
that upregulate efflux pump activity, reduced activity
of nitroreductases, and an enhanced oxygen radical
[10,29,36,40]
scavenging system
.
An association has been reported between the
overexpression of H. pylori superoxide dismutase
(SOdB) due to introduction of a mutant-type ferric
uptake regulator (Fur) and the development of
metronidazole resistance. Mutation of the furR3I gene
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Tetracycline resistance

Tetracycline is a bacteriostatic antibiotic that binds
to the 30S subunit of the ribosome. It blocks
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the binding of aminoacyl-tRNA to the ribosome,
resulting in impaired protein synthesis and bacterial
[33,36,37,43]
growth
. Tetracycline hydrochloride was the
first effective therapy for H. pylori treatment, and the
activity of tetracycline is independent of the acidity
[38]
of the gastric mucosa . Tetracycline resistance
is achieved by either the overexpression of efflux
[33]
proteins or changes in ribosomal proteins . However,
the main mechanism of tetracycline resistance in H.
pylori is based on 16S rDNA mutations localized on the
helix 31 region of the 16S rRNA molecule, the binding
[33,36,43,44]
site of tetracycline
. A change in one nucleotidic
triplet (AGA926 to 928→TTC) in the 16S rRNA gene
[33,36,43]
has been associated with tetracycline resistance
.
The AGA926 to 928→TTC triple-base-pair mutations
cause high-level (≥ 256 mg/L) resistance. Single- or
double-base-pair mutations, such as AG926-927GT
and A926G/A928C, are associated with low-level (1
[37,43,44]
mg/L and 4 mg/L) resistance
. Energy-dependent
efflux plays a role in the resistance of clinical isolates
[45]
of H. pylori to tetracycline .
Efflux pumps are a possible mechanism involved
in tetracycline-resistant strains with no mutation
in positions 926 to 928. Decreased tetracycline
accumulation inside cells have been detected in these
[36]
strains as well as in those with mutations .

H. pylori . Point mutations on the pbp-1A gene are
[36,37,47]
associated with amoxicillin resistance in H. pylori
.
Multiple amino acid substitutions in the transpeptidase
region of PBP1, including Asn-562→Tyr, are necessary
[47]
for resistance . The amino acid substitution Ser-414
→Arg appears to be involved in and leads to blockage
[36]
of penicillin transport . Amoxicillin resistance in
amoxicillin-tolerant strains is mediated by the absence
[29,33,36]
of a fourth PBP (PBP4), PBP-D
. Amoxicillin
resistance in H. pylori strains might be related to
decreased membrane permeability. The MIC values
can be further increased by point mutations in either
hopB or hopC genes (encoding porin proteins) and
[10,39]
are associated with mutations in the PBP1 genes
.
Other mutations, including changes in pbp2, pbp3,
hefC, and hofH as well as hopB and hopC, have been
[10,11]
reported in amoxicillin-resistant H. pylori strains
.

Fluoroquinolone resistance

Fluoroquinolones are bactericidal antibiotics that
inhibit the activity of the topoisomerase Ⅱ (DNA
gyrase) and topoisomerase Ⅳ enzymes necessary for
[10,25,33,37,42]
DNA replication
. Mutations in genes that
encode DNA gyrase (gyrA and gyrB genes) and/or
topoisomerase Ⅳ (parC and parE genes) account
[10]
for most fluoroquinolone resistance . However, the
H. pylori genome possesses genes for DNA gyrase
[42]
but not topoisomerase Ⅳ (parC and parE) . The
fluoroquinolone resistance of H. pylori depends on point
mutations in the quinolone resistance-determining
region (QRDR) of the gyrA gene at positions encoding
[11,13,33,37,42,48,49]
amino acids 86, 87, 88, 91, or 97
.
Mutations in the gyrA gene of fluoroquinolone-resistant
H. pylori strains are located at the codons for amino
acids 86, 87 (Asn to Lys/N87K), 88 (Ala to Val/A88V),
91 (Asp to Gly, Asn, Ala, or Tyr/D91G, N, A, or Y),
[10,11,48]
and 130 (Arg to Lys)
. The most frequent
mutations are found at codons 87 and 91 of the gyrA
[10,42]
gene
. Different amino acid substitutions related
to fluoroquinolone resistance might be associated with
the geographic differences in resistance. N87 gyrA has
been most frequently detected in Japan, whereas D91
gyrA is most often observed in Hong Kong. Mutations
at codon 91 might cause low-level resistance, but
high-level fluoroquinolone resistance is caused by
[10]
mutations at codon 87 . These point mutations are
associated with a change in the MIC from ≤ 0.25
[25,37]
to ≥ 4 µg/ml
. Although a gyrB mutation has
[49]
not been implicated in quinolone resistance , gyrB
mutations have recently been detected at a rate of
4.4% in levofloxacin-resistant H. pylori strains, and
83.8% of resistant H. pylori strains have mutations on
the gyrA gene. In addition to the recently discovered
mutations at codon 463 of the gyrB gene, double
mutations (D481E and R484K) in the gyrB gene have
been reported in two levofloxacin-resistant H. pylori
[10]
strains . The overexpression of efflux pumps has
also been found to be associated with fluoroquinolone

Amoxicillin resistance

Amoxicillin is a bactericidal β-lactam antibiotic that
[33,37,46]
belongs to the penicillin family
. Amoxicillin binds
to penicillin-binding proteins (PBPs) to inhibit bacterial
cell wall synthesis. Amoxicillin is released more easily
[33]
into the gastric fluid than other penicillins
and
exhibits pH-dependent antimicrobial activity. The
minimal inhibitory concentration is adversely affected
by increased pH. The highest amoxicillin concentrations
are detected in the antrum, whereas lower levels are
[38]
observed in the corpus and mucus layer . The two
most common mechanisms of β-lactam resistance
in Gram-negative bacteria are due to the activity of
[10,33,37,47]
. However,
β-lactamase and alterations in PBPs
H. pylori appears to function differently. Although the
H. pylori genome contains β-lactamase-like genes,
considerable β-lactamase activity has not been
detected in amoxicillin-resistant strains. Acquired
or increased expression of β-lactamase enzymes
appears to be unrelated to stable resistance to
[10]
amoxicillin . Although mutations of the pbp-1A gene
or mutational changes in PBPs appear to be related
to amoxicillin resistance in H. pylori, its resistance
mechanism against amoxicillin is not completely
[10,33,35,37,42]
understood
.
No relationship was found to the β-lactamase
activity that is traditionally involved in amoxicillin
[25,37]
resistance in the two sequenced H. pylori strains
.
The substitutions adjacent to the penicillin-binding
motifs SAIK (368-371), SLN (433-435), and KTG
(555-557) in PBP1 impart amoxicillin resistance in
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resistance in Gram-negative bacteria
, but an
important role for efflux pumps has not been reported
[42]
in fluoroquinolone resistance in H. pylori . However,
some resistant strains do not have mutations in the
QRDR of either gyrA or gyrB. Thus, investigating
the role of mutations in other genes or the presence
of plasmid-mediated resistance through cryptic
plasmids was recommended. Cross-resistance toward
levofloxacin, ciprofloxacin, and moxifloxacin in H.
pylori and subsequent horizontal transmission of
mutant resistance genes related to levofloxacin might
be possible. Understanding the overall mutations and
mechanisms of levofloxacin resistance is relevant for
[10]
the quinolone-based treatment of H. pylori .

that of other macrolides, but clarithromycin is better
absorbed in the gastric mucus layer and is more
acid-stable, making it more effective against H.
[10,33,35,37]
pylori
. Resistance to clarithromycin in H. pylori
is caused by several point mutations in the rrl gene
encoding two 23S rRNA nucleotides, namely 2142 and
[25,37]
2143
. The mutations A2142G and A2143G are
most often observed, whereas the A2142C mutation
[29,53]
is less common
. Other point mutations have also
been reported, but these mutations appear to be
very rare, and their clinical importance has not been
[25,35,54-62]
demonstrated
.
Two transition mutations, A2142G and A2143G,
and the transversion A2142C have been found in
[17,37]
clinical specimens
. The frequency of A2142G and
A2142C mutations is significantly higher in isolates
with a higher MIC for clarithromycin (MICs > 64 mg/L),
whereas the A2143G substitution is often found in
[33,35,37]
isolates with a lower MIC (2-64 mg/L)
. Crossresistance to macrolides could be due to a previous
consumption of clarithromycin for the treatment
of other diseases (e.g., respiratory infections) or
the intake of food products from antibiotic-treated
[10]
animals . As expected, clarithromycin resistance
coincides with resistance to other macrolides. The
A2142G and A2142C mutations are linked to highlevel cross-resistance to all macrolides, whereas the
A2143G mutation gives rise to high-level resistance
to erythromycin and intermediate-level resistance to
[33,35,37]
clindamycin and streptogramin
.
H. pylori contains two 23S rRNA operons, and
mutations are generally found in both copies. A
mutation in one copy of the 23S rRNA might be easily
transferred to the other 23S rRNA gene through effi
cient homologous DNA recombination under selective
pressure, conferring higher levels of clarithromycin
[33,35,37,53,63]
resistance
.
Mutations in the hp1048 (infB) and hp1314 (rpl22)
genes might be related to clarithromycin resistance in H.
pylori due to their effect on MIC values. Downregulation
of the iron-regulated membrane protein, Urease
B, elongation factor Tu, and the putative OMP and
upregulation of transmembrane proteins (HopT, HofC,
and OMP31) have been associated with clarithromycin
[10]
resistance in H. pylori .
Other mechanisms related to efflux pumps might
be significant in the development of clarithromycin
[10,42]
resistance
.

Rifampin resistance

Rifabutin is a spiro-piperidyl-rifamycin structurally
[3]
related to rifampicin . Rifabutin inhibits both RNA
and protein synthesis by binding to the β subunit of
the DNA-dependent RNA polymerase (encoded by
[10,33,50]
the rpoB gene)
. Rifabutin is primarily used in
tuberculosis treatment. However, the recent Maastricht
guidelines state that rifabutin might be used as another
candidate after two treatment failures for H. pylori
strains with antimicrobial resistance to clarithromycin
[12,13]
and levofloxacin
. Rifabutin resistance in H. pylori is
due to point mutations in four different regions (codon
525-545, codon 585, codon 149 and codon 701) of the
[10]
rpoB gene . In particular, amino acid substitutions
at codons 525-545 and 585 have been detected in all
resistant laboratory H. pylori isolates and correspond
to resistance in Escherichia coli and Mycobacterium
tuberculosis. In addition to mutations at codons 525
[10,11,33,37,50]
and 544 or 585
, a mutation at codon 149
(GTC→TTC) has been demonstrated to result in high
levels of resistance. Other random mutations yield
different levels of resistance through the addition
of alternative amino acids. However, an exchange
at codon 701 (CGC→CAH) results in low levels of
[10]
resistance , and rpoB mutations are associated with
high-level resistance to rifamycin [minimal inhibitory
[50]
concentration (MIC) > 32 mg/L] . There was cross[11]
resistance between rifabutin and rifampicin .

Clarithromycin resistance

Clarithromycin is frequently used as a macrolide
antibiotic against H. pylori with bacteriostatic activity
because of its unusual acid stability compared with
[10,51]
that of other macrolides
. Its MIC value (as low
as 0.016-0.15 mg/L) is lower than those of other
[51]
antibiotics . The antibiotic binds reversibly to hairpin
35 of domain Ⅱ and the peptidyl transferase loop
of domain Ⅴ of the 23S rRNA molecule in the 50S
[1,10,33,35,37,52]
ribosomal subunit
. This binding inhibits
protein elongation through the premature release
of peptidyl-tRNA from the acceptor site and thus
effectively blocks bacterial protein synthesis. The
antibacterial activity of clarithromycin is similar to
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ANTIMICROBIAL SUSCEPTIBILITY
TESTING
The selection of appropriate and accurate anti
microbial susceptibility tests is important for the
prescription of optimal antibiotics, the management
of H. pylori treatment, the determination of patientspecific treatment, and epidemiological resistance
[2]
surveillance . Several methods, including phenotypic
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these techniques are time-consuming, and the
results are not always consistent. Factors such as cell
viability, inoculation size, incubation conditions, and
[29,33,64]
growth media might affect the results
. In vitro
susceptibility testing applies to only one antibiotic
at a time, and possible in vivo synergies or other
drug interactions in combination therapies cannot
[28]
be identified through in vitro susceptibility testing .
[68]
Culture success might not be high (60%-70%)
due
to various reasons, such as differences in transport
conditions, materials (gastric biopsy or gastric juice),
[7]
number of biopsies, and growth difficulties . Culture
and antimicrobial susceptibility testing of a biopsy
sample from a single stomach site might not be
representative. Different antimicrobial susceptibilities
can be obtained from different parts of the stomach of
the same patient, which negatively affects the success
[69]
of susceptibility-guided therapy . In addition, the use
of gastric juice could be more reasonable for patients
with an unsuccessful treatment because it represents
[68]
almost the entire stomach area .

and genotyping assays, are available for the detection
of H. pylori antimicrobial susceptibility.

Phenotypic assays

Culture-based methods, including E-test, agar dilution,
broth microdilution, and disc diffusion methods, are
usually performed for antibiotic susceptibility testing of
[33,64]
H. pylori
. These are applicable for all antimicrobial
agents, which are tested through two-fold serial
[29,37]
dilutions of various concentrations
. These methods
offer the opportunity to determine the minimal inhibitory
[29,33,64]
concentrations (MICs) of the antibiotics
. Agar
dilution is a reliable technique and reference method
for evaluating the accuracy of other methods according
to the Clinical and Laboratory Standards Institute
[23,33,37,38,40,48,50,64-66]
(CLSI)
. The following susceptibility
and resistance MIC breakpoints for clarithromycin
have been described: susceptible < 0.25 µg/mL;
[37,66]
intermediate 0.25-1 µg/mL; resistant > 1 µg/mL
.
There is no consensus regarding the levofloxacin,
tetracycline, or amoxicillin breakpoints associated
[37,66]
with the treatment of H. pylori infection
. The
resistance cut-off value for metronidazole is 8 µg/mL,
and this value was derived from the breakpoint values
[37]
recommended by the CLSI for anaerobes . Agar
dilution could be performed reliably and is usually
considered a reference assay compared with other
techniques. Although its routine application is
[67]
difficult , the method is adaptable for the testing
[11]
of large numbers of strains . The simplest, most
cost-effective and most frequently used method
for routine susceptibility testing is the disc-diffusion
method. However, it has not been recommended
for slow-growing microorganisms, such as H. pylori,
due to unstable antibiotic patterns released from the
[37,67]
discs
. E-test is a quantitative variant of the disc
[25,33,37]
diffusion method
and is useful for slow-growing
[67]
bacteria . Its sensitivity and specificity are 45% and
[11]
98%, respectively . Excellent correlation has been
found between agar dilution and E-test MIC results for
[23,29,37,67]
most antibiotics except metronidazole
. The
rate of metronidazole resistance detected by an E-test
might be overestimated by 10%-20% according to
agar dilution-based results. This difference is associated
with a lack of an anaerobic pre-incubation of plates
[37]
in the E-test . The MIC values obtained using the
E-test can differ geographically. The most frequently
used MIC breakpoint values for clarithromycin,
metronidazole, amoxicillin, levofloxacin, and tetracycline
are ≥ 1 µg/mL, 8 µg/mL, 0.5 µg/mL, 1 µg/mL, and 2
[15]
µg/mL, respectively . The MIC values of amoxicillin,
clarithromycin, tetracycline, and metronidazole are 0.12
mg/L, 0.25 mg/L, 1 mg/L, and 8 mg/L, respectively,
according to the European Committee on Antimicrobial
[2,15]
Susceptibility Testing
. The correlation of these
values with clinical outcome with respect to country
should be assessed.
Although considered gold-standard methods,
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Genotypic methods

All phenotypic methods are slow, cumbersome,
and fail in approximately 10% of cases due to
biopsy contamination or growth failure of H. pylori.
Nucleic acid-based methods are an alternative for
the determination of antibiotic resistance. These
methods are faster, independent of living bacteria, give
[23,33,68]
reproducible results and are easily standardized
.
These tests are available for the detection of clarithro
[33]
mycin, tetracycline, and levofloxacin resistance .
Molecular techniques for the detection of amoxicillin
and metronidazole resistance have not been develo
ped due to a lack of knowledge of the mechanisms
involved in resistance to these antibiotics. There is
no specific molecular method for the detection of
rifabutin resistance, which can only be determined
[42]
by sequencing . Genotypic assays for antimicrobial
resistance, such as PCR-restriction fragment length
polymorphism (RFLP) and real-time PCR, dual-priming
oligonucleotide (DPO)-based multiplex PCR, and DNA
strip tests, might depend on the detection of A2143G
in the 23S rRNA gene and Asn-87 or Asp-91 in
[67]
GyrA .
Numerous PCR-based methods, including DPOPCR, PCR-RFLP, real-time PCR, PCR-DNA enzyme
immunoassay, mismatched PCR, hybridization, fluo
rescence in situ hybridization (FISH), and sequencing
techniques, are now available for assessing the
presence of H. pylori and clarithromycin resistance
in H. pylori from biopsy specimens, gastric fluid,
[70-74]
colonies, and even stool samples
. PCR methods
based on the detection of point mutations have 98%
[11]
sensitivity and 92% specificity . RFLP is based on
the presence or absence of a restriction site within the
amplified DNA fragment. This assay allows detection of
the previously mentioned 23S rRNA mutations using
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the restriction endonucleases MboII (A2142G), BbsI
(A2142G), BsaI (A2143G), and BceAI (A2142C). As
PCR-RFLP was initially unable to detect the A2142C
mutation, a 3’-mismatch reverse primer PCR method
[37,55-57,75]
(3 M-PCR) was developed
. Several real-time
PCR hybridization assays have been developed. Realtime PCR techniques are a powerful advancement of
the basic PCR method and were developed based on
amplification of a fragment of the 23S rRNA gene of
H. pylori following a melting curve analysis of biprobes
[19,54,76]
and hyprobes
. Another molecular method is
allele-specific PCR (ASP-PCR), which is based on the
determination of single nucleotide polymorphisms in
DNA samples through the identification of mutations
without performing direct sequencing or digestion
with restriction enzymes. The method allows the
detection of clarithromycin and levofloxacin resistance.
A previous study found a good correlation between
ASP-PCR and both agar dilution and direct sequencing
(i.e., 100% concordance, sensitivity, and specificity
for ASP-PCR of the 23S rRNA gene). The development
of a new primer for the detection of N87I in GyrA
[77]
in H. pylori has been reported . In addition, line
probe assays, including the commercially available
GenoType HelicoDR assay, are DNA-based tests that
[11]
can simultaneously determine multiple variants .
The standardized GenoType HelicoDR assay is rapid
and allows the detection of both clarithromycin
and fluoroquinolone resistance. Its sensitivity and
specificity for clarithromycin are highly accurate
(94%-100% and 86%-99%, respectively), whereas
the corresponding values for levofloxacin are
[6]
83%-87% and 95%-98.5% .
The molecular detection of H. pylori and the
determination of macrolide resistance from gastric
biopsies can also be performed using FISH without
[9,42]
DNA extraction and PCR
. This method is cultivationindependent, reliable, accurate, fast, and cost[11,24,31,37,57]
effective
. It is also highly sensitive (97%)
[9,11]
and specific (94%)
, and outcomes are obtained
[11]
from frozen
or formalin-fixed paraffin-embedded
[42]
tissue sections within 3 h of endoscopy . Coccoid
forms of bacteria can also be detected using this
[42]
method . Nevertheless, degradation of the probe
by proteases and nucleases found in the sample
and poor diffusion of probes into the microbial cell
wall might limit the success of this method. Peptide
nucleic acid (PNA) probes involved in FISH (PNAFISH) have been recently designed for the detection
of bacteria, particularly in aquatic environments.
This technique can be performed for the detection of
clarithromycin resistance from colonies and histological
gastric tissue preparations with a sensitivity of
80% and a specificity of 93.8%. PNA molecules are
DNA mimics that are well-matched to DNA or RNA
[11]
complementary sequences . The PNA-FISH method
uses fluorescently labelled PNA probes to identify
DNA sequences on chromosomes. These small probes
(13-18 nucleotides) penetrate the cell wall and are
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more resistant to proteases and nucleases than the
[11,42]
DNA probes (> 18 nucleotides) used in FISH
.
However, this method is not widely available for
[11]
standardization . A multiple genetic analysis system
(MGAS) for the simultaneous detection of multiple
antibiotic resistance is also available and suitable for H.
[73]
pylori detection and screening . Helicobacter species
(H. pylori vs H. heilmannii) and antimicrobial resistance
(macrolide and tetracycline) can be multiply detected
using a microelectronic chip assay. The electrocatalytic
detection of DNA sequences, which includes DNA
hybridization and determines single base changes in
target sequences related to clarithromycin resistance,
[42]
such as the A2143C substitution, is another method .
Molecular-based susceptibility testing should be
validated through comparison with the results of goldstandard traditional susceptibility testing in the same
patients. Molecular-based methods might be superior
to the gold standard, showing better identification of
the mixed and multi-resistance defining susceptible
[78]
populations . These tests are easily standardized
and give reproducible results. Moreover, they are
faster than conventional culture-based assays, and
the direct application of these techniques to gastric
biopsy specimens allows the user to obtain data on
[33,35]
the day of endoscopy
. However, high levels of
mutations and recombination, frequent horizontal
gene transfer, and the natural competence of H. pylori
isolates result in genetic variability and can cause
difficulty in the application of several classical genotypic
[79]
techniques . In addition, different geographic regions
possess different patterns of mutations that lead to
[42]
resistance . Therefore, DNA sequencing provides a
gold-standard reference method for mutation detection
but is not technically feasible or cost effective for the
routine laboratory determination of H. pylori resistance
markers. Nevertheless, knowledge of nucleotide
sequences has proven invaluable for validation of the
various assays mentioned above, particularly when a
resistant phenotype is not associated with any of the
common mutations. A recent development in rapid
sequencing based on the principle of pyrosequencing
(a real-time DNA sequence analysis of short DNA
stretches, 25-30 bp) has been applied to the rapid
identification of H. pylori. The available data suggest
that this new technology could offer an accurate and
rapid technique for the sequence analysis of PCR
amplicons because it provides easily interpreted results
[80]
within hours .

CONTRIBUTION OF ANTIMICROBIAL
SUSCEPTIBILITY TESTING TO THE
MANAGEMENT OF H. PYLORI INFECTION
H. pylori infection is found in 50% of the world’s
population. Age and low socioeconomic status increase
[6]
the prevalence of H. pylori infection . Although
disease development in response to H. pylori infection
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is observed in only 10%-15% of infected individuals
and is related to host genotype and strain-specific
factors, the eradication of H. pylori infection represents
an important strategy for recovering gastrointestinal
(e.g., gastritis, gastric and duodenal ulcers, gastric
cancer, and MALT lymphoma) and extragastrointestinal
(e.g., idiopathic vitamin B deficiency, idiopathic iron
deficiency anaemia, and idiopathic thrombocytopenic
purpura) diseases. The eradication of H. pylori is
therefore an important clinical need due to its positive
[6,7,12-14]
effect on recovery from these diseases
.
However, the treatment of H. pylori is challenging due
to an increase in antibiotic resistance and a decrease
in the efficacy of the standard empirical eradication
therapy, including clarithromycin, amoxicillin, or
[7,8]
metronidazole and PPI . The success of the standard
eradication therapy (first-line therapy) is thought to be
lower than 85% if clarithromycin resistance is higher
[81]
than 10% . Several studies have confirmed that the
eradication rate obtained with the standard therapy
is 87%-92% in clarithromycin-susceptible H. pylori
strains and decreases to 18%-21% in clarithromycin[82]
resistant strains .
Antibiotic resistance in H. pylori is steadily
increasing. The prevalence and rates of resistance
in H. pylori vary among countries, regions and even
time periods in the same area, as indicated by both
[6,7]
Eastern and Western reports . Therefore, the regular
local surveillance of antibiotic resistance is essential
for selecting the appropriate antibiotics for firstline H. pylori treatment in a given population when
pretreatment antimicrobial susceptibility testing is not
[6,8]
performed . The use of a tailored treatment based
on antimicrobial susceptibility testing is becoming
more attractive due to its effect on the efficacy of
treatment. This treatment has been extensively
investigated because dynamic changes in resistance
[7]
affect treatment outcomes .
Bismuth-containing quadruple therapy (PPI,
bismuth, metronidazole, and tetracycline for 10-14 d)
and non-bismuth quadruple (concomitant) therapy
have been suggested by the Maastricht V/Florence
Consensus Report as a first-line empirical treatment
when the clarithromycin resistance rate is higher than
[12]
15% . Otherwise, susceptibility-guided treatment
is recommended by the Maastricht guidelines as
the rescue therapy following first- and second-line
[12-14,27,69,81]
therapy failures
. The Maastricht guidelines
also recommend that, when the clarithromycinbased triple therapy is considered, culture and
standard susceptibility testing can be performed
either before treatment or after the first treatment
failure in regions with high clarithromycin resistance
if the tests are available and endoscopy is conducted
but bismuth-based quadruple therapy has not
[7,12,13,83]
been considered
. Given that the eradication
therapy for H. pylori includes two or sometimes three
antibiotics together with a PPI, multiple resistance
to antibiotics makes administration of the correct
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therapy difficult and leads to an ineffective response
to empirical therapy. Therefore, surveillance and
antimicrobial susceptibility for all commonly used
[7]
antibiotics facilitates effective therapy . To optimize
an eradication therapy for H. pylori, maximize the
treatment efficacy, and prevent prolonged treatment,
routine susceptibility testing can aid the prescription of
appropriate antibiotic regimens prior to treatment for
H. pylori in geographic areas with a high prevalence of
[84]
resistant strains .
Several studies have reported that tailored treat
ment based on antimicrobial susceptibility testing
can increase the efficacy of first-line and rescue
[6-9,27,85]
therapies
. The eradication rates of susceptibilityguided treatments are generally higher than those of
[7,81,86]
empirical treatment regimens
. Recent studies
have also shown that susceptibility-based treatment
improves the efficacy of the therapy used after firstor second-line treatment failure as well as the efficacy
[26,73,82-84,87-92]
of first-line therapy (Tables 1 and 2)
. A
meta-analysis of five randomized controlled trials
concluded that the culture-based pretreatment success
rates were 16% higher than those of various standard
triple therapies used as the first-line treatment for H.
pylori infection in 701 patients (per protocol 93% vs
[6,9,82]
76%)
. Another meta-analysis published by Chen
[22]
et al
in 2016 included 13 controlled clinical trials
comparing the eradication efficacies between tailored
and empirical regimens and demonstrated that the
efficacy of the first-line tailored therapy was higher
than that of first-line empirical therapies. However,
the eradication rates of tailored and empirical rescue
[22]
therapies were not significantly different . A recent
systematic review and meta-analysis demonstrated
that susceptibility-guided therapy prior to H. pylori
treatment failure is a better eradication therapy than
7-10 d of empirical therapy; unfortunately, there is
insufficient evidence or data regarding its role as a
rescue therapy. The success of susceptibility-based
treatment as a third-line therapy was not superior
to the cure rates from reported empirical therapies,
and the mean cure rate obtained with third-line
therapies based on susceptibility testing was reported
[27]
[93]
to equal 72% . Draeger et al
demonstrated that
the eradication rate obtained with susceptibilityguided therapy, including triple or quadruple therapy,
against strains with dual or triple multiresistance
to clarithromycin, metronidazole, and levofloxacin
equalled 69.9% in 336 of 481 patients with at least
one unsuccessful treatment. This cure rate is below
the recommended cure rate (80%) and cure rates
obtained in other studies. Susceptibility-guided
therapy failure in 30% of patients might be obtained
as a result of multiple eradication failures and the
possible impact of various factors, such as grade of
inflammation, gastric acid secretion, patient genetics,
or polymorphisms in the CYP2C19 gene or IL-1β. In
the study, triple therapy including various combinations
of amoxicillin, levofloxacin, rifabutin, and PPI was
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Table 1 Summary of studies compared eradication rates of susceptible guided with emprical threapy for the first line eradication
regimen
Ref.

Methods

Dong et al[73], 2015

Bismuth Quadruple
Therapy (RpzBAC,
RpzBAL, RpzBAF,
RpzBAM, RpzBCM)
Park et al[87], 2014
Agar dilüsyon
P AC, PAM, PAL
Martos et al[82], 2014
E-test
OAC, OAM, OAL
Cosme et al[84], 2015
E-test
OAL, OAM, OAC
Cosme et al[26], 2012
E-test
OAC, OBMT, OAL,
OAM, OAR, OAD
Zhou et al[92],2015
E-test
Rpz/EAC, Rpz/EATz
Lee et al[88], 2013

E-test

PCR

Patient number (n )

Type of therapy
SGT

RpzAC, RpzAM

Eradication rates; ITT/PP (%)

Empirical therapy

SGT

Empirical
therapy

SGT

Empirical
therapy

Quadruple Therapy
(RpzBAC)

45

45

91.1/95.3

73.3/78.6

PAC
OAC
CT = OACM
OAC, OAM, OAL,
OML, OMC
CT = EACTz,
TTB = BEAC
RpzAC, RpzAM

57
55
122
134

57
50
181
113

94.7/96.4
94/94
94.2/95.1
NR/88

71.9/73.2
67/72
87.2/88.7
NR/49

350

350 TTB
350 CT
616

88.7/93.3

77.4/87(TTB)
78.3/87.4(CT)
69.5/75.9
(RpzAC)
71.1/79.1
(RpzAM)

218

80.7/91.2

ITT: Intention-to-treat; PP: Per protocol; O: Omeprazole; Rpz: Rabeprazole; P: Pantoprazole; L: Lansoprazole; E: Esomeprazole; C: Clarithromycin; A:
Amoxicillin; L: Levofloxacin; F: Furazolidone; R: Rifabutin; D: Doxycycline; Tz: Tinidazole; T: Tetracycline; B: Bismuth; CT: Concomitant therapy; TTB:
Triple therapy plus bismuth; M: Metronidazole; NR: Not reported.

Table 2 Eradication rates achieved with susceptible guided therapy as first treatment and rescue treatment
Ref.

Type of therapy

Patients (n )

Methods

First Line

Liu et al[83], 2015

RpzBAC, RpzBAF

89

Real-time PCR

First Line
Third line

Sugimoto et al[90], 2014
Liou et al[89], 2013

RpzAC, RpzAM
Sequential triple

153
135

Fiorini et al[91], 2013

Triple (EAC, EAR)

236

PCR
PCR and Agar
dilution
E-test

Line of
therapy

Fourth

Tailored therapy eradication rates
ITT %

PP %

98 in RpzBAC group
92.6 in RpzBAF group
96.7 (overall)
80.7

100 in RpzBAC group
94 in RpzBAF group
97.4 (overall)
82.6

NR

90 in EAC
88.6 in EAR

B: Bismuth potassium citrate; Rpz: Rabeprazole; A: Amoxicillin; C: Clarithromycin; F: Furazolidone; M: Metronidazole; R: Rifabutin; E: Esomeprazole; NR:
Not reported.

treatment as a second-line regimen strategy in 37
patients compared with an empirical second-line
treatment in 171 patients. These researchers used
an agar dilution method and 14 d of combination
therapy using esomeprazole, bismuthate tripotassium
dicitrate, metronidazole, and tetracycline (EMBT) or
esomeprazole, moxifloxacin, and amoxicillin (MEA)
based on susceptibility testing and reported that 14
d of susceptibility-guided therapy achieved higher
eradication rates (87.8% by ITT, 100% by PP analysis)
compared with 14 d of empirical EMBT (75.3%, ITT
and 79.8%, PP) or MEA (70.8%, ITT and 72.4%, PP)
treatment. Several studies have evaluated the effect
of susceptibility-guided treatment on eradication rates
and susceptibility testing prior to first-line therapy. The
results suggest that the eradication rates are improved
[87]
by antibiotic susceptibility testing . Nevertheless,
limited evidence is available for susceptibility-guided
[27]
[87]
treatment , and its effects remain controversial .
In particular, the effect of performing antimicrobial
susceptibility testing during rescue treatments is not

administered to patients with dual clarithromycin
and metronidazole resistance. Amoxicillin-rifabutinPPI triple therapy, amoxicillin-PPI dual therapy, and
quadruple therapy have been used for patients in
fected with clarithromycin-metronidazole-levofloxacin
triple-resistant strains. Treatment with levofloxacinrifabutin-PPI triple therapy has been found to have
[93]
the highest cure rate (80.1%) . In addition, a study
[94]
performed by Mascellino et al
in 2015 reported
that the eradication rates achieved with susceptibilityguided (by E-test) and empirical rescue treatments
in pluritreated patients are 77% (48/62) and 84%
(31/38), respectively.
However, a multicentre clinical trial conducted
by the Taiwan Helicobacter Consortium found that
the cure rate achieved with susceptibility-based
sequential therapy applied after two eradication
failures and detected using genotypic methods was
78.9% in patients administered clarithromycin-based
[83]
[95]
sequential therapy . In 2015, Kwon et al
also
demonstrated the efficacy of susceptibility-based
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conclusive due to the limited number of studies and
highly heterogeneous results, even though it has been
recommended after second-line treatment failure
[12,13,22,27,86]
in recent Guideline Consensuses
. Recent
systematic reviews demonstrated that the overall
results are insufficient to recommend the widespread
use of susceptibility-guided therapies as a first-line
or rescue treatment regimen for H. pylori treatment.
Further studies demonstrating strong evidence-based
[27,86]
outcomes are needed
.
Tailored therapy arranged according to results
from susceptibility testing and CYP2C19 gene poly
morphisms that affect the metabolism of PPI will
always offer more satisfactory treatment outcomes
than empirical treatment regimens in populations
[7,78]
with resistant strains
. Culture- or molecular-based
susceptibility testing and endoscopy have generally
been required for susceptibility-guided therapy. These
invasive tests, particularly culture and endoscopy based
on biopsy specimens, often restrict the acceptability,
effectiveness, and applicability of susceptibility-guided
[27]
therapy . Susceptibility-guided therapy cannot be
applied at all locations due to a lack of endoscopy
services and microbiology laboratories for performing
[7]
antimicrobial susceptibility testing . Although the
culture of gastric biopsy specimens is initially applied
as a gold-standard method for assessing antimicrobial
resistance rates in H. pylori, the applicability and
availability of culture-guided therapy are also limited
by variations in culture success rates. These rates are
influenced by many factors, including host-related
factors, such as bleeding and the use of certain drugs,
and methodology-related factors, such as the number
of gastric biopsies, transport conditions, laboratory
[7,83]
characteristics
, and uncertainty in the interpretation
[22]
of susceptibility . In addition, low sensitivity,
differences between in vivo and in vitro susceptibility,
and time-consuming procedures reduce the feasibility
of culture-guided approaches for treatment regimens
[7,9,83]
against H. pylori
. Molecular-based methods
allow the rapid detection and identification of mixed
resistance. Non-invasive susceptibility characterization
from stool samples, the detection of CYP2C19 gene
polymorphisms, and genotypic-guided treatment
have been considered alternatives that are superior
to phenotypic methods for the administration of
[9,78,93]
tailored therapy
. Genotypic susceptibility-based
treatment were demonstrated to achieve higher cure
rates than culture-based treatment in a previous
[22]
study . However, a meta-analysis published in
[22]
2016
reported that pooled outcomes from 13
pretreatment tailored trials using either molecularbased (three trials) or traditional culture-based tests
(10 trials) demonstrated higher eradication rates with
susceptibility-guided therapies compared with empirical
therapies. Culture-based susceptibility testing,
including the determination of MICs using E-test,
can detect resistance rates for all commonly used
antibiotics (clarithromycin, levofloxacin, metronidazole,
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amoxicillin, tetracycline, and rifabutin). This method
can be useful for selecting the proper combinations
of antibiotics to that should be administered to
patients who only have gastritis but are at risk for
the development of atrophy, intestinal metaplasia,
or gastric cancer because of family predisposition. In
this nonurgent situation, the time-consuming process
might be warranted. Molecular-based susceptibility
testing is more useful for determining resistance rates
and enhancing eradication rates in a short time or for
[6]
a low bacterial load in the case of diseases for which
accurate and prompt treatment has an important
effect, such as MALT lymphoma, the initial stages of
gastric cancer, atrophic gastritis, and gastritis with
intestinal metaplasia.
Cost-effectiveness trials are another important
issue in the introduction of systematic susceptibilityguided H. pylori treatment. The prospective economic
savings achieved with this approach compared with
the standard therapy (achieving similar effectiveness)
should be assessed. Cost-effectiveness trials depend
on many factors associated with the efficacy of the
H. pylori cure rate, including the eradication regimen,
behaviour and patient compliance, number of prior
eradication therapies, and geographical areas. The
precise costs of endoscopic and biopsy procedures,
materials used, administered drug regimens, and
work hours of physicians and other professionals are
linked to the cost-effectiveness of a culture-based
approach. In this regard, antimicrobial susceptibility
testing (particularly culture methods) might be more
expensive or less commercially practical in some
settings according to the target populations. The
economic benefits of these approaches for first and
subsequent treatments were assessed in recent
[7]
trials . Tailored triple therapy based on culture
and susceptibility testing has been reported to be
a more cost-effective, first-line treatment than the
standard triple therapy. The economic savings of
such approaches in 150 naive Italian patients were
[6,7]
reported almost $5 per patient . Similarly, Cosme
[26]
et al
found that 10 d of omeprazole-amoxicillinclarithromycin (OAC) eradication treatment, based
on phenotypic susceptibility testing, was more costeffective than empirical therapy, with savings of €95
[7,26]
per patient
. Cost efficacy can be increased by
performing antimicrobial susceptibility testing in areas
[6,26]
with high clarithromycin resistance (> 15%-20%)
.
However, some controversial ideas complicate the
cost efficacy of culture-based treatment for first-line
[6]
therapy .
Although there is still no strict recommendation
for antimicrobial susceptibility testing in routine
practice, antimicrobial susceptibility tests for the
management of H. pylori eradication, particularly
prior to the initiation of eradication therapy, might
[6,87]
provide many benefits
. Levofloxacin-based triple or
quadruple therapy is recommended as a second-line
[12]
treatment in the recent guideline
and is sometimes
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used as a first-line treatment in regions with high
[6,8]
clarithromycin resistance
but will not be effective
[87]
in regions with high rates of multidrug resistance ,
including common clarithromycin, levofloxacin, and
metronidazole resistance. Prior treatment failures
[93]
result in the development of antimicrobial resistance
and an increase in resistance to antibiotics, particularly
levofloxacin, resistance to which appears rapidly
[87]
[93]
after usage . A study conducted by Draeger et al
revealed that clarithromycin resistance increased
to 60% after only one inefficient treatment and
reached 80% after treatment failure. In addition,
clarithromycin and metronidazole dual resistance
and triple drug resistance (including quinolones,
clarithromycin, and metronidazole) have increased
[93]
to 65% and 15%, respectively . In this regard,
pretreatment susceptibility-guided therapy might
reduce the rate of eradication failure by preventing
the emergence and rapid acquisition of antimicrobial
resistance and allowing a decrease in the incidence of
metachronous gastric cancer in patients with gastric
[87]
epithelial neoplasm . An ideal low rate (approximately
< 5%) of initial and overall eradication failure was
[87]
[84]
recently achieved by Park et al
and Cosme et al
using pretreatment susceptibility-guided treatment.
In addition, antimicrobial susceptibility testing before
initial therapy might still allow the administration of
clarithromycin-based standard therapy to patients
with an H. pylori clarithromycin-susceptible strain in
[87]
regions with high overall clarithromycin resistance .
Extending the duration of treatment or increasing
the drug doses to overcome drug resistance (as in
metronidazole resistance) might not be required
for successful eradication through the application
of pretreatment susceptibility-guided therapy,
which would avoid the development of side effects
[8,87]
and patient non-compliance
. Susceptibilityguided therapy as a third-line treatment might have
limited efficacy due to the difficulty of culture and
antimicrobial susceptibility testing after eradication
therapy and the few available reliable drugs in the case
[87]
of multiple resistance . Methods with high sensitivity
and specificity, such as molecular tests, might be
more reasonable for the detection of resistance after
eradication failure.

treatment outcomes. Tailored therapy for H. pylori
based on antimicrobial susceptibility testing is still
recommended by the Maastricht Guidelines as a thirdline treatment after at least two empirical treatment
failures due to the above-mentioned limitations of
antimicrobial susceptibility testing (mostly culture[7,12-14]
based testing) in routine clinical practice
.
Susceptibility-guided H. pylori treatment has been
demonstrated as an effective and useful alternative for
reducing eradication failure. The need for a widespread
implementation of susceptibility-based therapy as a
first-line treatment in routine practice has not been
fully demonstrated. The few available studies exploring
the feasibility and effectiveness of such an approach
[27,86]
have yielded heterogeneous results
. Thus, the role
of susceptibility-guided therapy as a rescue strategy is
restricted to the development of multiresistant strains
and the difficulty of detecting low levels of bacteria
after eradication failure. Practical, commercial, and
logistical issues should be evaluated and addressed
according to the target population and the clinical
situation to determine the necessity of the therapeutic
strategy prior to the application of susceptibility-guided
[7,9]
H. pylori therapy . The clinical diagnosis of patients
should be taken into consideration when aiming to
administer susceptibility-guided treatment for atrophic
gastritis, intestinal metaplasia, the initial stage of
gastric cancer, and MALT lymphoma in order to
improve H. pylori eradication because the prescription
of an effective patient-specific H. pylori treatment
via antimicrobial susceptibility testing could prevent
the development of these diseases and the exposure
of the patient to repeated recommended standard
strategies. Possible reinfection trials should also be
considered. However, regular and regional surveillance
of primary antimicrobial resistance is thought to be
feasible and necessary for the management of H.
[6,13]
pylori infection
. New pharmacogenomic tailoring
therapy can be used in addition to susceptibility testing
to determine CYP2C19 gene polymorphisms and
[7,9]
thereby select an effective PPI .
Culture-based susceptibility techniques have
major limitations: they are time-consuming, costly,
and invasive procedures, and they depend on many
other factors. Molecular-based methods, particularly
PCR-based and FISH techniques, can provide rapid
and more accurate determinations of antimicrobial
susceptibility through the detection of heteroresistant
strains. However, molecular-based susceptibility
tests are restricted to the detection of clarithromycin,
levofloxacin, and tetracycline resistance, whereas
culture-based susceptibility testing allows the detection
of resistance to all commonly used antibiotics. The
currently available molecular-based susceptibility
methods were only designed to detect the common
mutations causing resistance, and other possible
mutational changes responsible for high resistance
should be assessed and followed to ensure clinical
compliance. However, a non-invasive, molecular

CONCLUSION
The Maastricht Ⅴ/Florence Consensus Report re
commends a standard therapeutic regimen for the
eradication of H. pylori in regions with low clarithromycin
resistance and bismuth-based or concomitant treatment
(non-bismuth-based quadruple) in regions with high
[12,14]
resistance to clarithromycin
. Nevertheless, there
are three major drawbacks that affect the treatment
outcomes: possible lack of drug compliance, side
effects, and development of antibiotic resistance.
The application of susceptibility-tailored strategies
might decrease the effects of these drawbacks on
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detection of resistance using stool samples might
facilitate the application of susceptibility-guided
treatments both before and after treatment due to the
[6,7]
elimination of endoscopy dependency . Antimicrobial
susceptibility testing with phenotypic or genotypic
methods is important for the ongoing assessment
of antibiotics as well as for tailoring treatment by
prescribing appropriate antibiotics, particularly for
[6]
refractory H. pylori infection . Ethical perspectives,
such as approaches to patients, low prevalence of
resistance (< 1%) in the population, and research
design, should also be taken into consideration when
[78]
planning further treatment regimens . In conclusion,
culturing of H. pylori and susceptibility testing should
be performed after two treatment failures by obtaining
gastric biopsy specimens whenever possible. The
validated molecular tests, in addition to culture and
susceptibility testing, should be performed for the
management of H. pylori infection treatment.
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REVIEW

Strategies used by helicobacter pylori to establish
persistent infection
Amin Talebi Bezmin Abadi
causative role in the development of a wide spectrum
of diseases including chronic active gastritis, peptic
ulceration, gastric adenocarcinoma, and gastric mucosaassociated lymphoid tissue lymphoma. Due to the
global distribution of H. pylori , it is no exaggeration
to conclude that smart strategies are contributing to
adaptation of the bacterium to its permanent host.
Thirty-four years after the discovery of this bacterium,
there are still many unanswered questions. For exam
ple, which strategies help the bacterium to survive in
this inhospitable microniche? This question is slightly
easier to answer if we presume the same clinical
concept for both persistent infection and disease.
Understanding the mechanisms governing H. pylori
persistence will improve identification of the increased
risk of diseases such as gastric cancer in patients
infected with this bacterium. A well-defined and longterm equilibrium between the human host and H. pylori
allows bacterial persistence in the gastric microniche;
although this coexistence leads to a high risk of
severe diseases such as gastric cancer. To escape the
bactericidal activity of stomach acid, H. pylori secretes
large amounts of surface-associated and cytosolic
urease. The potential to avoid acidic conditions and
immune evasion are discussed in order to explain
the persistence of H. pylori colonization in the gastric
mucosa, and data on bacterial genetic diversity are
included. Information on the mechanisms related to
H. pylori persistence can also provide the direction
for future research concerning effective therapy and
management of gastroduodenal disorders. The topics
presented in the current review are important for
elucidating the strategies used by H. pylori to help the
bacterium persist in relation to the immune system and
the many unfavorable features of living in the gastric
microniche.
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Abstract

Key words: Helicobacter pylori ; Gastric microniche;
Persistent infection; Gastric cancer

Helicobacter pylori (H. pylori ) is a Gram-negative and

motile bacterium that colonizes the hostile microniche of
the human stomach, then persists for the host’s entire
life, if not effectively treated. Clinically, H. pylori plays a
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Core tip: Helicobacter pylori (H. pylori ) infections are
thought to cause severe gastroduodenal disorders
which are the main outcome of this interaction between
the host and this microorganism. The bacterium
has developed interesting strategies which allow it
to efficiently colonize the gastric mucosa leading to
persistent infection. In this review, we aim to look at the
five major reported strategies leading to the persistent
survival of H. pylori within gastric epithelial cells.

Table 1 Major virulence factors involved in the persistence
of Helicobacter pylori
Virulence
factors
OipA

VacA

CagA

Talebi Bezmin Abadi A. Strategies used by helicobacter pylori
to establish persistent infection. World J Gastroenterol 2017;
23(16): 2870-2882 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2870.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2870

BabA

DupA

INTRODUCTION

GGT

The groundbreaking discovery of a Gram-negative
bacterium by Marshall and Warren changed the
gastroenterologists’ view regarding the historic dogma
[1]
that the stomach was a sterile organ . Phylogenetic
analysis emphasized the global distribution of the
bacterium from East Africa to other continents
[2-5]
thousands of years ago
. Helicobacter pylori (H.
pylori) which was previously called Campylobacter
pyloridis is mostly acquired during childhood and it
has been genetically proved that it can be transmitted
[4]
within families . H. pylori is a e-proteobacterium that
colonizes the human stomach with patchy distribution
and is mainly found in the antrum rather than the
[6]
fundus . Many published international guidelines
recommend treatment of the bacterium with effective
[7-11]
antibiotics
. Both in vitro and in vivo evidence in
addition to epidemiologic data have confirmed that H.
pylori is the main cause of both gastric and duodenal
ulcers, gastric adenocarcinoma and gastric mucosa[12-15]
associated lymphoid tissue (MALT) lymphoma
.
Due to the high prevalence of H. pylori worldwide
and success of this long-term commensalism, it is no
exaggeration to assume that complex strategies are
involved in efficient colonization in the host. Virulence
factors involved in the establishment of a persistent
infection are shown in Table 1. As shown, an adhesion
or secreted protein can be a determining factor in
successful persistent colonization. This concept raises
a challenging question concerning how H. pylori can
persistently colonize the stomach in such unfavorable
conditions. In the current review, we discuss the five
observed strategies leading to persistent survival
within gastric epithelial cells.

SabA

Induces pro-inflammatory cytokines
In combination with CagA, causes disruption of cell tight
junctions
Increases IL8 expression and causes inflammation
Contributes to long-term colonization
Cell proliferation and elongation
Increases the level of MAPK signaling
Stimulates the NF-κB pathway
Induces apoptosis
Induces pro-inflammatory cytokines
Disrupts cell tight junctions
Increases mucosal inflammation
Leads to effective cell adherence
Mediates in the effective interaction between H. pylori and
epithelial cells
Induces pro-inflammatory cytokines
Induces apoptosis
Contributes to long-term gastric colonization
Induces immune response tolerance
Mediates the effective interaction between H. pylori and
epithelial cells

MAPK: Mitogen-activated protein kinase; NF-κB: Nuclear factor-κB; H.
pylori: Helicobacter pylori.

large variety of physical and biochemical barriers to
provide an unfavorable environment for all types of
[16]
ingested microbes . Successful gastric colonization
by any microorganism in this microniche is due to the
existence of various abilities to avoid hostile acidic
[17,18]
conditions and the viscous mucosal layer
. To do
this, H. pylori harbors specific features leading to
successful colonization. In the following paragraphs,
we discuss how this bacterium can cause persistent
infection with a focus on acidity avoidance.

UREASE AS THE FIRST WEAPON
AGAINST ACIDITY
The acidity of the stomach (pH 1-2) is the first danger
[14,17,19]
to threaten bacterial survival in the stomach
.
H. pylori is able to survive at approximately pH 5
which can kill many digested organisms within a few
minutes after acid exposure. This is the main adaptive
feature of this bacterium which facilitates its survival
in the gastric microniche. H. pylori growth is limited
in neutral pH, but can survive in acidic pH due to an
increase in periplasmic pH and secretion of a large
[18,20]
amount of urease enzyme
. Urease is a key feature
in the capacity of H. pylori to avoid gastric acidity. To
avoid the bactericidal activity of acid, H. pylori secretes
large amounts of surface-associated and cytosolic
[6]
urease . However, hydrolysis of urea (occurring in the
gastric lumen) produces large amounts of ammonia,
which is then protonated to create ammonium, thus
[21]
creating a neutral bacterial microniche . In the
presence of urea, pH is shifted to 2-6 and H. pylori can

FIRST STRATEGY: ESCAPING GASTRIC
ACIDITY
The human gastric lumen is known to consist of a
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survive in the gastric microniche. In contrast, in the
absence of urea, H. pylori can grow in the pH range
of 6-8 and can even survive in the pH range of 4-8.5.
Urea is imported through a specific channel, and with
urease, ammonia will fill the entire cytosol and even
[22,23]
bacterial periplasm
. H. pylori urease gene cluster
consists of two major genes, ureA and ureB, and five
accessory genes, ureI, ureE, ureF, ureG, and ureH.
These accessory subunits are associated with urea
[16,18,21,24]
absorption
. Urease is a nickel-binding hexamer
of UreA and UreB. It has been reported that H. pylori
can change the expression of certain genes (associa
ted with the synthesis of ammonium ion) including
arginase, urease and formamidase after exposure to
[18]
hostile gastric acidic conditions . The production of
urease in 10% of bacterial proteomes enables it to
hydrolyze large amounts of gastric urea to generate
ammonia and CO2, causing a sharp increase in the pH
[25]
around H. pylori . However, in response to low pH
by the ArsSR two-component system, production of
ammonia can be continued by formamidase in addition
to urease by the hydrolysis of short-chain amino acids,
while arginase hydrolyzes L-arginine to L-ornithine
[26,27]
and urea
. To establish persistent infection, after
entering the gastric lumen, the bacterium should be
able to penetrate and infiltrate the viscous mucosal
[28,29]
layer
. Interestingly, mucosal viscosity is highly
dependent on acidity. In general, in more acidic pH,
mucus is stronger than at pH 4. Enzymatic activity
governed by H. pylori facilitates bacterial penetration
into the aggregated mucus. Subsequent diffusion of
ammonia in the stomach provides an opportunity for H.
pylori to penetrate deeply using corkscrew propulsion
due to its flagella. The helical shape of the bacterium is
[30]
another factor affecting its successful evasion of acid .
Due to low permeability of the mucosal layer, there is a
3+
scarcity of essential nutrients (for example Fe ) in the
[13,16,18,21,22]
stomach for all ingested microorganisms
.
The release of large amounts of urease is a smart
strategy adopted by H. pylori to weaken the integrity
of the mucus to facilitate deep penetration to reach the
nutrient enriched region. Moreover, moving into deeper
layers gives the bacterium the opportunity to avoid
the acidic conditions on the surface of the lumen;
another strategy which increases the viability of this
[6,13,31]
bacterium
. Thus, H. pylori would not survive in
the stomach without its potential to escape high acidity
which is not observed in any other microorganisms.

extracellular environment following bacterial clearance
(for example with effective antibiotics) of the gastric
lumen, suggesting it may be better described as a
[35]
facultative intracellular microbe . To date, no direct
evidence on H. pylori replication in gastric cells has
[36]
been reported . However, despite the progress
already achieved, more in vitro experiments are
required before we can conclude that the intracellular
effect of H. pylori is a strategy involved in long-term
persistence in gastric epithelial cells. However, it can
be assumed that H. pylori is a facultative intracellular
bacterium rather than an extracellular organism. As
a temporary strategy to avoid chemical and physical
barriers, H. pylori can transiently enter the intracellular
space for a short time to reduce exposure duration
to antibiotics, acidic conditions and the immune
[37]
response . Moreover, as H. pylori is optimally evolved
to reduce its exposure to acidic gastric conditions, it
can localize in mucus close to the epithelial surface
where acidity is tolerable for longer survival. This
strategy adopted by the microbe further highlights the
importance of research in finding effective antibiotics
to treat this organism.

Direct contact with host cells

By involving various surface proteins, H. pylori can
[38]
bind to epithelial cells . BabA is a major outer
membrane protein and is one of these contributing
[39,40]
proteins (Figures 1-3)
. Interestingly, there are
other adhesion molecules which facilitate attachment
[41]
of the bacterium to epithelial cells . Bacterial
secreted lectin is another binding factor which binds
[42]
to the sialic residues of laminin . A cascade pathway
allows the successful irreversible attachment of H.
[43]
pylori to polarized epithelial cells (Figure 2) . Small
cytoplasmic changes can be observed following direct
contact between H. pylori and host cells. Following first
contact of the bacterium with the plasma membrane
and rearrangement of the cellular cytoskeleton, an
extension of the plasma membrane can engulf a part
[38]
of the bacterium . Undoubtedly, certain bacterial
factors such as cagA and dupA are involved in the
above processes; however, data regarding details of
[44]
this contribution are lacking . Interestingly, it was
noted that only a small fraction of available H. pylori
strains in the gastric mucosa can attach to the surface.
Although H. pylori adherence is mediated by candidate
surface proteins (e.g., AlpA, AlpB, DupA, BabA, OipA,
SabA and HopZ), no specific molecule has been
[45,46]
shown to be essential in adhesive mechanisms
.
For example, H. pylori SabA supports the release
of nutrients in the apical side of epithelial cells for
bacterial survival in the stomach. This nutrient release
is in parallel with translocated CagA protein which
[47]
can induce inflammation in infected cells . Different
expression of adhesion molecules occurs among H.
pylori strains suggesting various adaptations induced
by genetic recombination, on/off switching of gene

Intracellular or extracellular life

During the time research had been undertaken on
H. pylori colonization in the human stomach, no
clear evidence has been published to indicate that H.
pylori is an invasive organism in the human gastric
[4,6,19,32]
microniche
. Following the assessment of a large
number of in vivo and in vitro studies, we suggest
[33,34]
that H. pylori is a noninvasive gastric pathogen
.
Interestingly, H. pylori is able to repopulate the
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H2O + Urease

UREA

CO2 + 2NH3

Flagella

Active penetration

Adhesions: BabA, SabA, HopZ

Figure 1 Basic overview of the events leading to the successful colonization of Helicobacter pylori.

T4SS (CagA + DupA contribution)

Vacuolation

Phagosome

CagA

1234-

T cell -> proliferation
B cell -> Antigen presentation
PMN recruitment
With CagA -> ?

Proinflammatory cytokines (IL12, IL8, IL10)

Local inflammation
Neutrophil recruitment/activation

1- Phagocytosis of HP
2- Reactive oxygen species (ROI)
3- Reactive nitrogen species (NOI)

Figure 2 Subsequent activated events causing inflammation in chronic infection by Helicobacter pylori.

expression. It is clear that bacterial attachment is
an inevitable step in the establishment of H. pylori
infection, although determining the molecules involved
is not easy. New technologies in the near future will
reveal further details of the complex initial process in
persistent H. pylori infection.

knowledge indicates that a certain number of genes
such as Ccrp89, Ccrp58, Ccrp1142 and Ccrp1143
[48]
are involved in H. pylori morphology . Thus, any
mutations in these genes can cause a deficiency in
[50]
bacterial motility and shape . It should be noted that
the helical shape in addition to flagella are a major
part of the successful penetration process.

SECOND STRATEGY: HELICAL SHAPE

THIRD STRATEGY: THE PRESENCE OF
FLAGELLA (MOTILITY)

The helical shape of H. pylori has been suggested to
provide a mechanical advantage for penetrating the
viscous stomach mucus layer. Special cross-linkages in
bacterial peptidoglycan can result in an efficient screwlike movement to facilitate H. pylori survival in the
[48]
viscous environment of the stomach . Consistent with
this, H. pylori typically possesses a helical morphology
and multiple uni-polar flagella. In an animal model, H.
pylori cell shape mutants showed impaired stomach
colonization indicating the importance of bacterial
[49]
shape in motility and adherence . The combination
of a curved structure and cell elongation provides H.
pylori with a suitable helical body shape. To date, our

WJG|www.wjgnet.com

To avoid elimination by regular gastric turnover,
persistent infection is dependent on bacterial
movement. H. pylori is mostly distributed within
approximately 30 μm of mucosal epithelial cells and
its histopathologic effects can be observed within the
gastric crypts. During the last decade, H. pylori flagella
have been widely investigated, and current knowledge
demonstrates the critical role of these organelles
in the colonization and establishment of persistent
[43]
infection . Extensive isogenic mutant studies
have shown the role of intact flagellar apparatus in
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Host entry

Urease/motility (by ammonia and flagella)
Proteases/lipase (gastric mucosal injury)
Establishment of
persistent HP infection

Adhesions/receptors (outer proteins)

Toxin leak

Host extensive damage

Successful colonization
Multiplication

Apoptosis, occurrence of mix infection

(> 20 yr) chronic infection

Figure 3 Flowchart of the strategies involved in persistent infection.

governing H. pylori infection, especially long-term
[51]
infection . H. pylori is an actively motile organism
which has the ability to move between different
regions of the stomach. Furthermore, flagella give
the bacterium the potential for penetration which is
necessary to avoid acidic pressure on the surface of
[52]
the gastric mucosa . Due to the combination of more
than 39 genes in the H. pylori genome, 3-5 tuft-like
flagella appear on the side of the bacterium. These
flagella consist of a basal body, hook, and flagellar
[53]
filament . The deletion or any other changes in the
genes related to the flagella can produce non-motile
H. pylori which is unable to effectively colonize gastric
[54]
mucosa . In order to move both in counterclockwise
(CCW) and clockwise (CW) directions, H. pylori
[55]
requires a rotating movement around the filament .
The existence of polar flagella in H. pylori is a re
quirement for persistent infection. Following entry
into the stomach, the bacterium has a durable acid[56]
tolerance range . H. pylori is tolerant to weakly acidic
conditions in the stomach which occur after ingestion.
Given that ammonia is produced by bacterial urease,
the rheologic properties of the gastric mucin changes
allowing penetration of H. pylori into the gastric
mucosa using flagellated motility and its helical shape.
The detailed mechanism by which H. pylori weakens
mucus viscosity is not fully understood, but we now
know that loss of tightness on the side of polarized
epithelial cells may be involved leading to several
gastroduodenal diseases. Thus, movement of H. pylori
[57]
is necessary in order to attach to epithelial cells .
Taken together, these findings show that the presence
of flagella is useful for H. pylori to produce infection in
the gastric mucosa, and urease is an essential enzyme
guaranteeing successful bacterial penetration.
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FOURTH STRATEGY: H. PYLORI
EVASION OF THE HUMAN IMMUNE
SYSTEM
During the relatively long time that H. pylori has
been recognized, it is clear that long-term bacterial
persistence is necessary to maintain successful
existence of H. pylori against both innate and adap
[57,58]
tive immune responses (Figure 4)
. Following
successful colonization of gastric mucosal cells by
H. pylori, host immune responses (both innate and
acquired branches) are stimulated generating specific
antibodies and activated Th cells. Thus, H. pylori
is required to avoid both branches of the immune
[59]
system to colonize the stomach for several years .
In addition to long-term infection, other diseases
are caused by this microorganism. Any digestive
diseases related to prolonged colonization by H.
pylori can be due to adaptation between the microbe
[60]
and human host . We now know that subsequent
to colonization by H. pylori, a percentage of the
infected population can develop autoimmunity or
[61-64]
immune system abnormalities
. These findings
show bilateral effects between H. pylori and the
human immune system. During the thousands of
years of commensalism between humans and H.
pylori, the bacterium has learned to subvert the
immune response and it may serve as an example of
bacterial evolution in maintaining its micro-territory
[62]
in humans . Taken together, these findings suggest
that we should use the word “equilibrium” to define
this status. In this equilibrium, H. pylori induces
immune cells which cause minimum cell damage to
shed nutrients onto the surface of the gastric mucosa
[32]
for survival . Cell damage following local superficial
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Macrophage and
PMN resistance

Modulation of T cellactivation

Innate immunity

Adaptive immunity

Inhibition of antigen
presenting (APC)

Establishment of
inflammation

Figure 4 Different impacts of Helicobacter pylori on the two branches of the human immune system.

gastritis occurs, but seems necessary for governing
long-term colonization as the infection can cause
minimum nutrient shedding which is required for
bacterial survival in the harsh stomach environment. It
should be noted that the microbe will be immediately
[65]
eliminated by active immune cells . In conclusion,
bacterial persistence only occurs if H. pylori and the
immune system co-adapt following successful immune
evasion. In the next section, we briefly describe how H.
pylori effectively avoids innate and adaptive immune
responses.

Therefore, H. pylori needs to be well prepared to
confront large numbers of phagocytes in the stomach
due to the high rate of cell damage.
There are three proposed strategies which can
help the bacterium to survive in this phagocyte-rich
environment: (1) H. pylori induces mitochondrialassociated cell death in macrophages (mitochondrial
[80,81]
dependent apoptosis)
; and (2) production of
peroxiredoxin by AhpC gene actively defends the
bacterium against NO products available in the gastric
[82-85]
microniche
.
Similarly, H. pylori arginase due to substrate
[86]
competition can reduce NO or O2 radicals . In vitro
studies have shown that H. pylori activates macrophage
[87-89]
nitric oxide synthase and thus apoptosis
. It
has been shown that arginase-deficient bacteria
are more sensitive to oxidative stress caused by
[90,91]
macrophages
. Finally, H. pylori has adopted a
smart strategy to inhibit polymorphonuclear neutrophil
(PMN) and monocyte activation by involving CagA
[92]
proteins (type Ⅳ secretion system) . Furthermore,
cagA positive strains produce more IL8, a trigger
cytokine for inducing infiltration of inflammatory cells.
Isogenic mutant experiments suggest the participa
tion of VacA toxins in escape of the microbe from
[93]
phagosomes . Subsequent deactivation of PMNs
and monocytes can cause interference in the innate
[94]
immune response which is favorable for H. pylori .
An alteration in phagocyte function is the main mission
of H. pylori to facilitate persistent infection. Therefore,
there are undoubtedly other mechanisms involved in
[95,96]
the persistence of H. pylori against phagocytosis
.
Further in vitro and in vivo experiments are necessary
to fully elucidate the complex interactions in chronic H.
pylori infection.

MECHANISMS OF IMMUNE EVASION BY
H. PYLORI - INNATE IMMUNITY
Both components of the innate system (chemical and
physical barriers) are involved in immune system
[66]
responses against H. pylori in the stomach . The
gastric epithelial surface plays an active role in
[67]
mucosal defense . Immediately after entering the
gastric epithelial cells, two major actions by the innate
immune system work against H. pylori: (1) engulfment
by phagocytes; and (2) chemical products of these
[68,69]
cells include reactive nitrogen and oxygen
. Below,
we focus on three different strategies adopted by
H. pylori which facilitate establishment of persistent
chronic infection in the gastric epithelium.

EVASION OF PHAGOCYTE KILLERS
Although H. pylori is usually phagocytosed by
macrophages, in comparison to other Gram negative
microbes, H. pylori is highly resistant to killing by
[70-73]
these cells during phagocytosis
. A virulent H.
+
+
pylori strain (type I: cagA vacA ) is more resistant to
[74-76]
phagocytosis than other strains
. Accumulation of
the bacterium in vesicles which produce megasomes
[77,78]
is the main evidence for delayed phagocytosis
.
Macrophage apoptosis can result in H. pylori escaping
[79]
phagosomes . As mentioned previously, H. pylori
induces inflammation to provide nutrients, thus
inflammation may be present for months or years.
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ADAPTIVE IMMUNITY
A successful pathogenic organism which aims to
overcome innate immunity to establish colonization in
an ecological niche leading to chronic infection should
possess strategies to overcome adaptive immunity.
H. pylori modulates adaptive immunity by affecting T
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[97,98]

reg and T cell proliferation
. In the next paragraph,
we describe the major reactions of H. pylori to
adaptive immunity which include: (1) enhanced T and
B cell functions; and (2) interference in the antigen
presentation process.

reported to be via the JAK-STAT signaling pathway,
which can cause ineffective antibody secretion in
[111,112]
humans
. JAK/STAT signaling is an important
immune signaling pathway. Certain inflammatory
molecules can activate different types of JAK and
STAT. Phosphorylated STAT generates dimers that
translocate to the nucleus, thereafter its binding to
the promoter of specific genes involved in immune
[112,113]
inflammatory response can be stimulated
. As
mentioned previously, data regarding the actual role
of H. pylori in limiting B cell response are scarce and
more detailed studies are required to elucidate the
complex mechanism responsible for the establishment
[114]
of persistent infection .

EFFECTS ON B AND T CELLS AND THEIR
PROLIFERATION
Recent data have demonstrated that H. pylori can
[99-102]
modulate T cell responses
. Elegant in vivo
experiments suggested that CD4 T lymphocytes are
highly involved in the adaptive immune response
against H. pylori, in contrast to the relatively inactive
role of CD8 T cells. As shown previously, H. pylori
[101,103]
stimulates the immune response using Th1
.
The main interference due to H. pylori in the adaptive
immune response is its inhibitory effect on T cell
proliferation via three mechanisms: (1) binding
the VacA toxin to the unknown surface ligand in T
cells which results in actin rearrangement and then
[74,103]
inhibition of cell proliferation
; (2) the VacA toxin
is able to form an anion-selective channel in the host
cell membrane. These specific channels can cause
[104]
vacuoles in host cells leading to apoptosis
. This
event starts following attachment of VacA to surface
[105]
receptor alpha (RPTPα)
; and (3) VacA can bind
to mitochondria and trigger the associated apoptotic
pathway. This mechanism can induce inhibition of
T cell proliferation. Moreover, VacA located in the
membrane of anionic channels inhibits the release of
cytochrome C, indicating the crucial role of channel
formation in apoptosis induced by H. pylori VacA. The
exact apoptotic role of VacA needs to be elucidated in
the future. We noted that the antibody response is not
sufficient to eliminate H. pylori infection in humans,
as the bacterium has developed strategies to protect
[106]
itself from the effects of antibodies . Unfortunately,
the data concerning the actual role of any specific
bacterial product to inhibit B cell response are lacking
although some experiments have shown that Janus
kinase (JAK)-STAT (signal transducer and activator of
transcription) suppression by CagA may be a major
[107]
mechanism in reducing effective B cell response .

SUBVERSION OF PATTERN
RECOGNITION
Different Toll-like receptors (TLRs) corresponding to
microbial components called pathogen-associated
microbial patterns (PAMPs) are the main components
which provide a new strategy for H. pylori to avoid
involvement with the human immune system. Any
interruption of this complex process can hamper
bacterial clearance by the immune system. We now
know that successful recognition of pathogens by
TLRs is involved in both the innate and adaptive
[115-118]
systems
. Subversion of TLRs is dependent on
recognition by H. pylori which helps the bacterium
to survive in the strongly immune cell-rich gastric
[119-122]
microniche
. TLR4-mediated inflammatory
response to LPS in H. pylori is largely different to
other organisms (almost 1000-fold less reactogenic
[123-129]
than other Gram negative bacteria)
. Indeed,
co-evolution with humans has resulted in a reduction
[130]
in immunogenic ligands
. TLR-dependent immune
subversion is a strategy that works in both innate and
adaptive immune responses to H. pylori; therefore,
this adopted strategy should have an effect in hiding
the bacterium in the human gastric microniche.

FIFTH STRATEGY: H. PYLORI GENETIC
DIVERSITY: FACILITATING PERSISTENT
INFECTION

INTERFERENCE IN THE ANTIGEN
PRESENTATION PROCESS

The bacterium is relatively competent in DNA uptake
from other H. pylori strains. The diversity of the H.
[131]
pylori strains even within a single host is impressive .
H. pylori is a highly heterogeneous bacterium with
[12,58,68,69]
more than 1600 genes
. H. pylori is a highly
competent at taking up both environmental DNA
and DNA from other H. pylori strains. H. pylori was
identified as being heterogeneous by a large amount
of evidence from experiments investigating (1) allelic
variation; (2) SNP; (3) genome size; and (4) bacterial
[21,132-134]
recombination
. Genetic recombination is a
very important factor involved in adaptation of H.

H. pylori has adopted various strategies to interrupt
accurate antigen presentation in the host, which is
the main method of interfering with late endocytic
membrane trafficking. Inhibition of APC activation
may be the key point in reducing B cell response to
[108]
colonization of H. pylori in humans
. Inhibition of
MHC-class Ⅱ export to the cell surface is the main
reason for impaired antigen presentation in dendritic
[109,110]
cells
. In a novel study, the inhibitory effect
of CagA on IL3-dependent B cell proliferation was
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Figure 5 Polymorphism of the cagA gene reported in various regions of the world.
[135]

pylori in the human stomach
. CagA is a classic
virulence factor of the bacterium and has been isolated
in different regions of the world (Figure 5). It can be
seen from this figure that reported polymorphisms
can directly affect its clinical importance. H. pylori
is considered to be a genetically diverse organism
[19]
infecting individuals around the world . Its high
potential for DNA uptake results in H. pylori having
one of highest recombination rates reported in human
pathogenic bacteria. This high rate of recombination
causes high genomic variability among the bacterial
[134]
strains . Due to natural selection after these genetic
changes, H. pylori is more persistent in the gastric
microniche. However, it should be mentioned that in
addition to genetic recombination, bacterial mutation
can have a role in generating highly variable strains
[136]
observed in persistent infections
. Almost 10% of
[12]
its genome consists of specific genes for H. pylori .
Scientists have suggested that chronic persistent
infection cannot occur independently. Comparative
analyses of full genome sequences of H. pylori strains
J99 and 26695 in addition to the large amount of
data on new sequencing techniques provide new
insight into bacterial diversity and its potential to
[137]
infect humans life-long
. The H. pylori genome is
not diverse, but various changes in the third base of
codons has resulted in specific strains called “quasi[133,138,139]
species”
. Currently, both antigenic and phase
variation contribute to H. pylori persistence against
[140,141]
immune responses
. Indeed, wide diversification
in the H. pylori genome increases the chance of
survival in the hostile gastric environment. In order to
answer a direct question on the possible mechanism
of bacterial diversity to establish chronic persistent
infection we need to look at the biology of H. pylori.
Clearly, bacteria such as H. pylori which is exposed to
the human immune response and PMNs, it is crucial
to promote strategies to avoid these unfavorable
conditions. Apart from bacteria such as E. coli which
have a large genome, H. pylori has half the genome
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of these bacteria. The main genetic deficiency in H.
[142]
pylori is its two-component regulatory system
.
Deficiencies in mismatch-repair systems of H. pylori
can increase the frequency of genetic variation, and
may facilitate minimal genetic diversity. Thus, H. pylori
can take advantage of diversity in genetic sequences
following selective pressure. To compensate for the
lack of genetic contents in the regulatory systems, H.
pylori has adopted the strategy of remaining life-long
in the gastric microniche. This strategy means nonstop
recombination and genetic change in the genome and
then natural selection to choose the fittest organisms
to adapt and live in the gastric environment. This
adaptation can also be translated into successful
bacterial immune evasion during H. pylori persistence.

CONCLUSION
The beginning of the H. pylori era in 1984 was
characterized by questions which require considerable
attention; such as treatment, efficient vaccines, useful
[6,31,143]
biomarkers and management of the infection
.
For H. pylori, similar to most common gastric patho
gens, we have information on its many molecular
mechanisms, but its survival strategies in the human
host are not well elucidated. The human stomach is a
challenging niche for bacterial colonization; therefore,
sophisticated strategies to aid survival of the bacterium
would not be surprising. Bacterial genetic diversity and
extensive polymorphism also facilitate the survival of
[14,63,144]
H. pylori within the hostile gastric environment
.
The potential for H. pylori to survive in the strong
acidic conditions in the stomach is considered a major
feature of bacterial persistence. Even with the five
strategies described in this study, there is a big gap in
the knowledge concerning the mechanisms involved
in the persistent colonization of H. pylori. Initially, a
useful buffering potential in addition to the presence
of sufficient bacterial adhesion facilitate primary
colonization and then continuous genetic diversification
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in parallel with immune evasion are the main strategies
used for persistent infection. Despite intensive studies,
the molecular host - H. pylori interactions, particularly
in symptomatic patients colonized by persistent H.
pylori are obscure. Understanding the details of H.
pylori persistence and its contributing elements will
help identify better strategies to treat the infection or
may design better drug targets.
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Abstract
Endoscopic submucosal dissection (ESD) is a wellestablished, minimally invasive treatment for super
ficial neoplasms of the gastrointestinal tract. The
universal adoption of ESD has been limited by its slow
learning curve, long procedure times, and high risk
of complications. One technical challenge is the lack
of a second hand that can provide traction, as in
conventional surgery. Reliable tissue retraction that
exposes the submucosal plane of dissection would
allow for safer and more efficient dissection. Magnetic
anchor guided endoscopic submucosal dissection (MAGESD) has potential benefits compared to other current
traction methods. MAG-ESD offers dynamic tissue
retraction independent of the endoscope mimicking a
surgeon’s “second hand”. Two types of magnets can
be used: electromagnets and permanent magnets.
In this article we review the MAG-ESD technology,
published work and studies of magnets in ESD. We also
review the use of magnetic anchor guidance systems in
natural orifice transluminal endoscopic surgery and the
idea of magnetic non-contact retraction using surface
ferromagentization. We discuss the current limitations,
the future potential of MAG-ESD and the developments
needed for adoption of this technology.
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Core tip: Magnetic anchor guided endoscopic submucosal
dissection (MAG-ESD) is a promising technology that
can offer tissue retraction independent of the endoscope
which acts like an endoscopist’s “second hand”. The
objective of this article is to present a scientific review of
the technology, published work, limitations, and future
potential of MAG-ESD.
Mortagy M, Mehta N, Parsi MA, Abe S, Stevens T, Vargo JJ,
Saito Y, Bhatt A. Magnetic anchor guidance for endoscopic
submucosal dissection and other endoscopic procedures. World
J Gastroenterol 2017; 23(16): 2883-2890 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i16/2883.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i16.2883

INTRODUCTION
Endoscopic submucosal dissection (ESD) is an
advanced endoscopic technique that allows for en-bloc
[1-3]
resection of early gastrointestinal tract cancers . By
achieving en-bloc resection, ESD has shown higher
curative resection rates and lower recurrence rates
[4]
than endoscopic mucosal resection (EMR) .
ESD was developed in Japan and has become
standard of care for managing early cancers and
tumors of the esophagus, stomach and colon. Its
adoption in the Western world has been slow due
to lower volume of gastric cancer, longer procedure
[5-7]
times, and slow learning curve . ESD also carries a
significant risk of complications. The risk of immediate
and delayed bleeding in gastric ESD is 7% and 5.5%
[8]
respectively . The risk of bleeding in colorectal ESD is
[1]
[9]
1.5% and is rare in esophageal ESD .
During conventional surgery, dissection is performed
with one hand or device cutting and a second hand or
device retracting the tissue so that the appropriate plane
of dissection is easily seen. In ESD, the entire procedure
is done through a single endoscope, and there is no
[10-12]
second hand to help as in conventional surgery
.
This limits visualization of the dissection plane
increasing the technical challenge of the procedure
(Figure 1). Adequate tissue tension and clear visibility
of the dissection plane are important for effective and
[12-14]
safe dissection
. Inability to visualize the dissection
plane can lead to inadvertent cutting of blood vessels
resulting in bleeding, and difficulty in stopping bleeding
as the bleeding point is poorly visualized. It has been
estimated that approximately 70% of procedure
time during ESD is spent handling bleeding by
[15]
inexperienced operators . If the submucosal plane of
dissection is not well visualized, inadvertent cutting of
the muscle layer may lead to perforation. The risk of
perforation in gastric, esophageal and colonic ESD is
[1,8,16]
1.2%-5.2%, 0%-6% and 2.4% respectively
.
Several methods have been developed to help
[17]
provide traction during ESD procedures . Examples
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Figure 1 Endoscopic submucosal dissection with and without retraction.
Endoscopic submucosal dissection (ESD) without retraction on the left
demonstrates the mucosa impeding the visual field. ESD with retraction using
the clip-line method on the right allows for better visualization of the surgical
field with the mucosa pulled away.
[14]

are the clip-with-line method , percutaneous traction
[18]
[19]
method , sinker-assisted method , magnetic anchor
[12]
[20]
method , external forceps method , internal[21]
traction methods (clip band method
and medical
[22]
[23]
ring method ), double-channel-scope method ,
[24]
[25]
outer-route method , double-scope method ,
[26]
endoscopic surgical platform method , robot-assisted
[27]
method and the Sakamoto and Osada clip (SO-Clip)
[28]
method .
Magnetic anchor guided - endoscopic submucosal
dissection (MAG-ESD) is an attractive method of
traction as it has potential benefits compared to
other current traction methods. It delivers traction
independent of the endoscope by creating an invisible
second hand for the operator. Unlike the double
channel and outer-route methods, MAG-ESD does not
interfere with the complex endoscopic movements
needed to perform ESD. Unlike the clip-with-line,
percutaneous traction, and sinker-assisted methods,
MAG-ESD provides dynamic traction in a sense that
the external magnet can be moved to change the
direction of retraction. Permanent and electromagnets
[29]
are the only two types of magnets available .

ELECTROMAGNETS
Electromagnets are made of a coil of an electric
conductor which acts as a magnet only when an
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electric current passes through. The main advantage
of electromagnets is that the magnetic field can be
quickly changed by controlling the amount of electric
current used. Their main disadvantage is being large
and cumbersome. Another significant disadvantage of
electric magnets is being electric current dependent.
Without a current, no force is produced, making ancho
ring impossible. The only current which can be used is
direct current, necessitating the need for an external
power source and wired control system, because
voltage and capacity of modern batteries are too low to
supply the necessary energy. Moreover, every current
pass generates thermal energy, generating heat close
to the endoscopist.

tumors were resected en-bloc without any perforations
or significant bleeding. All magnetic anchors were
safely retrieved. The magnetic anchor system was
reported to be supportive in 23 out of 25 operations
by the performing endoscopists. All ESD scars were
completely healed after 8 wk. Neither recurrent cancer
nor distant metastases were observed in any of the
patients during follow up. The authors concluded that
MAG-ESD is a feasible and safe method that enables
excellent visualization of the tissue and facilitates
gastric ESD in patients with early gastric cancer.

PERMANENT MAGNETS
Permanent magnets are made from a material
that stays magnetized (ferromagnetic). Permanent
magnets have the advantage of being small in size.
Neodymium-iron-boron rare earth magnets are the
strongest permanent magnets available. They are
highly resistant to demagnetization because of their
[31]
atomic structure . They are utilized in a variety of
commercial applications including MRI machines.
However, Neodymium magnets have a low resistance
to corrosion, necessitating a protective coating to
prevent potential release of harmful products. Thus,
all neodymium magnets should be isolated from
contact with tissues and fluids inside the body. The
shielding material must be inert to the human body
and non-obstructive to the magnetic field (e.g., gold or
[29]
epoxy) .

USE OF ELECTROMAGNETS IN MAG-ESD
Initial concept of MAG-ESD

The concept of MAG-ESD was first postulated and
[12]
experimented by Kobayashi et al . They proposed
that if a magnetic field is properly controlled and
powered, it could generate sufficient force to use
a micro-forceps for traction of the mucosa during
EMR and thereby developed a magnetic anchor
system to prove their theory. The magnetic anchor
consisted of three parts: a handmade magnetic weight
composed of magnetic stainless steel (SUS420F), a
micro-forceps and a connecting thread. This system
was tested in an ex-vivo porcine model. First, an
incision was made by standard EMR technique in the
mucosa. Then, a magnetic anchor was attached to
the edge of the incised mucosa. The tip of mucosa
was lifted by increasing the electric current through
the electromagnet of the magnetic control system.
Direction of traction for magnetic anchor could be
simply manipulated by changing the position of the
electromagnet over the animal or by changing the
position of the animal itself. Hemorrhage was rare
because blood vessels could be clearly visualized
endoscopically and hemostatic procedures were
conducted before cutting blood vessels. However,
separation of the magnetic weight from the forceps
and slipping of the micro-forceps from the mucosa
were observed. In these cases, new magnetic anchors
could be inserted without any problems and the
malfunctioned anchors could be easily retrieved.
One main drawback of this model was that the
electromagnets used were large and cumbersome and
not practical for most endoscopy suites.

USE OF PERMANENT MAGNETS IN MAGESD
Live animal trial

The Feasibility of counter-traction with a simplified
MAG-ESD technique was evaluated in a live animal
[32]
experiment in two beagle dogs . The external
magnet was a hand-held permanent magnet that can
be locked by a flexible arm, so there was no need for
an assistant to keep holding it in position during the
procedure (Figure 2). Ten MAG-ESDs using neodymium
permanent magnets were successfully performed in
all cases without perforation in the stomach. Adequate
counter-traction with good visualization was obtained
using the external magnet except in two cases. None
of the magnetic anchors became displaced during
the procedure and all were retrieved after endoscopic
resection.

First human experience

STANDARD ESD VS MAG ESD

The feasibility of MAG-ESD in the resection of early
gastric cancer (EGC) in humans was first looked at by
[30]
Gotoda et al . Twenty-five patients with EGC > 20
millimeters (mm) in diameter located in the gastric
body were enrolled. The structure of the magnetic
anchor was the same as that used in Kobayashi’s study
and the magnet used was electromagnet as well. All
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The first comparative study between standard
ESD and MAG-ESD was done on simulated gastric
[33]
lesions in ex-vivo animal model . Ten ESDs were
performed using a MAG-ESD device and ten were
performed by the standard ESD technique. The MAGESD device consisted of two neodymium magnets
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Figure 2 Magnetic anchor system using neodymium permanent magnet. ESD: Endoscopic submucosal dissection.

procedures. Moreover, the instruments working area is
reduced resulting in frequent collision of instruments
known as “Sword fighting”.
Triangulation is the ability of the surgeon to
manipulate tissue with traction and counter-traction
permitting appropriate dissection and suturing.
Flexible endoscopic surgery need to apply the same
principles of triangulation to be an effective surgical
[34,35]
approach
. Multiple endoscopic prototypes have
been experimented in NOTES, but they failed for
[36]
multiple reasons . First, additional angulations at the
tip of a flexible endoscope sacrificed stability which
is needed for safe dissection and suturing. Second,
angulation at the tip of flexible endoscope makes tactile
feedback less reliable. Third, adding more functions
to flexible endoscopes increases the complexity of the
procedure leading to its impracticality by the operator.
A single operator is only able to control a limited
number of buttons and wheels. Adding more functions
to the flexible endoscope allowing more angulations,
more control buttons, wheels and levers will lead
to practical limitations due to increased complexity.
It has been concluded that current instruments
are not suitable for effective surgery in the NOTES
[37]
environment .
The magnetic anchor guidance system (MAGS)
concept was tested in a laparoscopic prototype with
a system of external neodymium magnetic anchors,
[38]
tissue retractors and an internal camera . This system
aims at controlling an intra-abdominal laparoscope
and multiple instruments introduced through a single
trocar into the abdominal cavity. All instruments had

(one internal and one external), with sutures, and
standard endoscopic clips. The magnet could be freely
manipulated using a three dimensional hemisphere
allowing the assistant to adjust the direction of countertraction in accordance with the operator’s preference
and providing the endoscopist with the broadest view
of the dissection line. The MAG-ESD device provided
dynamic multidirectional counter-traction during ESD.
Endoscopists reported increased visualization in MAGESD compared to standard ESD. The total procedure
time and the lesion dissection time for the MAG-ESD
were significantly lower than the control group. No
perforations or other adverse events occurred in either
group. The authors concluded that this device reduced
procedure time for an operator who was experienced
in ESD and enhanced exposure of dissection line
compared to standard ESD.

MAGNETIC ANCHOR GUIDANCE IN
NATURAL ORIFICE TRANSLUMINAL
ENDOSCOPIC SURGERY
Magnetic anchor guidance (MAG) has also been used
in natural orifice transluminal endoscopic surgery
(NOTES). In NOTES, operative instruments are passed
through an opening created in a natural orifice such
as the stomach, colon or vagina leaving the patient
with no visible scars. NOTES faces similar challenges
to ESD. The entire procedure is performed through a
single endoscope and there is loss of triangulation and
the second hand that is normally present in surgical

WJG|www.wjgnet.com

2886

April 28, 2017|Volume 23|Issue 16|

Mortagy M et al . Magnetic anchor guidance and ESD
neodymium permanent magnets. Surgeons were able
to position the retractors under the liver or the spleen
to elevate them by manipulating external magnetic
anchors in a porcine model. The MAGS platform was
sufficient to securely anchor the tissue retractors and
the camera. These instruments could be moved within
the abdomen without loss of magnetic coupling. Two
non-survival porcine laparoscopic nephrectomies were
successfully completed without complications using
this system.
In another study with the same MAG platform,
four non-survival porcine transvaginal NOTES cholecys
tectomy using magnetically anchored instruments were
[39,40]
successfully performed
. This platform was also
used successfully in the manipulation and stabilization
of mesh for transcolonic endoscopic ventral hernia
[41]
repair .
MAG has also been used in 40 patients undergoing
[42]
single port laparoscopic cholecystectomy . This
MAG system consisted of two magnetic forceps and
two external magnets. By moving the first external
magnet, the first forceps grasping the gallbladder
fundus was pulled upwards lifting the liver and
exposing the gallbladder. By moving the second
magnet, the second forceps grasping the Hartmann’s
pouch was pulled towards the right lower quadrant or
towards the epigastrium yielding the best exposure of
Calot’s triangle. Then, the gallbladder was dissected
laparoscopically. However, in 23 of the 40 patients,
assistance was required using a 1-mm needle inserted
through the abdominal wall to delicately separate the
liver or help in the Calot triangle’s dissection.

The estimated total retracting force during cutting
with Snares was 0.324 ± 0.154 N. They concluded
that non-contact magnetic grasping is feasible with
the development of the necessary sensor and control
technology. The main limitation of this idea is that
the magnetic force decreases sharply as the air gap
increases. Hence, more powerful magnets would be
needed for non-contact retraction at a safe operating
distance.

LIMITATIONS OF MAG-ESD
In its current form, the most significant limitation
of MAG-ESD is the coupling strength of magnets.
Magnetic force decays over distance exponentially.
So, the strength of magnetic force varies based on
the patient’s abdominal thickness which depends
mainly on the amount of abdominal fat. Experimental
studies have proven that the maximal thickness of
the abdominal wall where MAG-ESD is practical varies
[44,45]
from 1.5 centimeters (cm) up to 4 cm
. So, MAGESD in its current form can’t be adopted for obese
patients and is limited to thin and pediatric patients
[43]
only . More studies need to be done to be able to
determine the appropriate relation between coupling
force of magnets, weight of anchored instruments and
abdominal wall thickness.
In non-obese women, the abdominal wall mea
sured 1.7 ± 0.7 cm at the umbilicus and 2.0 ± 0.7 cm
in the left upper quadrant. For obese women (BMI ≥
30), thickness was 3.0 ± 1.2 cm at the umbilicus and
[46]
4.4 ± 1.0 in the left upper quadrant .
If we want to use more than one external magnet
to control more than one intraabdominal/intraluminal
tool as what is done in MAGS that is used in NOTES,
we will be faced by another limitation. The maximum
number of external magnets in the operating area is
unknown. The minimum separation distance between
external magnets in current external platforms is 3 cm
before magnet attraction could be problematic. Such
problems could be magnet-magnet interference and
[38]
also operator hand-magnet collisions .
Some authors point out to the possible effects
[29]
of magnetic fields on human tissues . An example
is the possible effect on blood flow which might
cause clotting. Another problem is the interaction
between magnets and other instruments used during
procedures. Moreover, a ferromagnetic foreign body
in human tissue can interact with the magnetic field.
[47]
This technology is contraindicated with pacemakers ,
metal foreign body or recently implanted metal
orthopedic prosthesis.
To test possible damages that might be caused by
magnets on tissues, a study was conducted on three
pigs by placing magnetic devices laparoscopically in the
[48]
four abdominal quadrants . The devices were left in
place for 2 to 4 h. Full-thickness abdominal wall sections
were harvested from these quadrants plus control at 0,
2, or 14 d after surgery. Histologic assessment was then

MAGNETIC NON-CONTACT RETRACTION
BY SURFACE FERROMAGNETIZATION
[43]

Wang et al
postulated that magnetic non-contact
retraction has potential advantages over the existing
direct physical retraction means such as forceps.
Non-contact retraction provides complete atraumatic
retraction and avoids tumor cell exfoliation. They
conducted a pilot study using surface magnetic
retraction of the gastric mucosa to facilitate mucosal
resection in sixteen porcine stomach specimens.
They prepared magnetic media of ferromagnetic
micro-particles (Stainless steel 410) dispersed in
cyanoacrylate liquid. The media was surface-glued to
the target mucosa. A 3-mm neodymium permanent
magnet was placed in contact with the media, and
the mucosa was magnetically retracted by 10 mm.
An in-vitro surgical resection of the retracted mucosa
was then performed with the use of electrosurgical
snares. The magnet was capable of maintaining
retraction of the mucosa, via the medium, throughout
the procedure. The data obtained showed that the
force required to retract and lift the mucosa by
10 mm was 0.135 Newtons (N). There is a linear
relationship between the retraction force and distance.
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performed. No gross or microscopic tissue damage was
seen. Moreover, magnets are used in other applications
in medicine, such as MRI, that are considered to be
safe.
In summary, the main limitations of MAG-ESD
technique are the coupling strength of magnets,
abdominal wall thickness and possible harmful effects
of magnets on human tissues. Moreover, the large
size of the magnets and the high cost are significant
problems that need to be overcome.

2

3

4

FUTURE

5

MAG-ESD has the potential to act as a surgeon’s “second
hand” to make complex endoscopic procedures
like ESD easier to perform. However, to achieve
this, it has to overcome a number of challenges
and limitations. Techniques like the clip-with-line
method are able to offer basic retraction simply and
affordably with equipment already available in an
endoscopy suite. For the more complex MAG-ESD to
be appealing, it has to offer a significant advantage
during complex endoscopic procedures such as ESD,
over its competitors. More recently, a trial by Rivas et
[49]
al
used the Magnetic Surgical System developed
by Levita Magnetics Corp. (San Mateo, CA) to
successfully perform fifty reduced-port laparoscopic
cholecystectomies with no serious adverse events and
excellent exposure of the surgical site. If the safety,
efficacy, and ease of use of this system could be
translated to ESD, magnetic endoscopy could be more
appealing.
In summary, several major limitations that need
to be overcome include the sheer size of the magnets
and its high costs. As magnetic attraction decays
over distance, its effect may vary in patients with
different abdominal wall thickness. Moreover, air
insufflated during endoscopy will increase the distance
between magnets. A magnetic control system that
could adapt magnetic strength to distance would
reduce the variability of MAG-ESD. The more precise
the control of the internal magnet, the more it might
act like the desired second hand. With increased
precision, magnets may be used for indications other
than retraction, such as tissue dissection, improve
visualization, and ultimately enhance the field of
endoscopic surgery.
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AIM
To investigate the use of droplet digital polymerase
chain reaction (ddPCR) for detecting host mRNA
markers in stools as a non-invasive test for colorectal
cancer screening.

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at jeanfrancois.beaulieu@usherbrooke.ca. Individual participant consent
was not obtained for data sharing but the presented data are
anonymized and there is no possibility of identification.

METHODS
ddPCR and quantitative PCR were compared side by
side for their performance in the detection of ITGA6
and ITGA6A transcripts in stool samples obtained
from patients with various types of colorectal lesions
(advanced adenomas and stage Ⅱ - Ⅳ colorectal
cancers) and control (patients displaying no pathological
findings) using duplex TaqMan reactions for both
methods. ITGA6 and ITGA6A were chosen for this
proof-of-concept study based on their relative medium
and low abundance in stool samples, respectively, as
established in a previous study.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
We found that the ddPCR and qPCR methods per
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testing and colonoscopy. While colonoscopy remains
the gold standard for the detection of colorectal
lesions (up to 95% sensitivity for cancer and 76% for
adenomas), compliance is low owing to discomfort
[6]
and unpleasant preparation procedures . The risk of
complications, cost and access are other limitations
of this procedure. On the other hand, the improved
immunological version of fecal occult blood testing,
which detects human hemoglobin, has been used for
some time but poor precursor lesion detection rates
(66%-80% sensitivity for cancer but only 10%-28%
for adenomas) albeit an excellent specificity (95%)
[3,7-9]
limit its utility
. It is therefore imperative to ex
plore alternate or complementary strategies with the
potential to improve CRC screening performance,
especially for the detection of cancers at their early
stages.
Non-invasive stool testing represents an advan
tageous as well as a biologically rational approach based
on the high rate of tumor cell exfoliation into the lumen
for neoplasm detection through DNA- and RNA-based
[10-15]
approaches
. Detection of host mRNA in stools has
been reported to be particularly challenging considering
that human mRNA is expected to represent less than
[16]
1% of total stool RNA
and that stool mRNA may be
[3,17]
particularly sensitive to degradation
. Nevertheless,
the potential usefulness of detecting specific transcripts
in feces for CRC screening was demonstrated more
[18,19]
than two decades ago, using first generation PCR
.
More recently, using TaqMan quantitative PCR (qPCR),
a number of transcripts such as PTGS2 (COX-2), B2M,
CEACAM5, CDH1, ITGA6, MYC and GADD45B are
now listed among the stool mRNA known to be up[10,20]
regulated in patients with CRC
. Interestingly, a few
other genes such as PTPRC (CD45) and ITGA6A have
been detected at low levels, but only in patients with
[10,20]
CRC
, making them of particular interest for their
specificity. One may now wonder if a more sensitive
assay for mRNA detection could improve the reliability
of these specific biomarkers in a non-invasive test for
CRC detection.
In the present study, we addressed this question in
the context of the development of droplet digital PCR
(ddPCR), a now commercially available technology
identified as third generation PCR, claimed to be of an
[21,22]
unprecedented sensitivity
. Besides the obvious
interest in the detection of rare mutations of various
kinds, ddPCR technology displays a number of additional
[23,24]
advantages for general nucleic acid quantification
such as the capability to obtain absolute quantification
without the need of standard dilution curves and
[22,23]
reaction efficiency determination
. Another
potential advantage of ddPCR technology, being an
end-point approach, is the reaction tolerance to PCR
[22]
inhibitors , an important advantage when using
[25]
clinical samples .
The integrin α6 subunit has been extensively
characterized in CRC cell lines and primary tumors as
[26,27]
[28]
being up-regulated
together with its β4 partner

formed equally well in this TaqMan duplex assay for
the detection of ITGA6 and ITGA6A transcripts in
stools of patients with colorectal lesions. For ITGA6 ,
receiver operating characteristic (ROC) curve analysis
showed comparable areas under the curve of 0.91 (P <
0.0001) and 0.89-0.90 (P < 0.0001) for the prediction
of advanced adenomas and colorectal cancers,
respectively. ITGA6A , which was detected at very low
levels in control patients, was found to be significantly
elevated (over 40 times) in stage Ⅱ and Ⅲ colorectal
cancers (P < 0.0002). Comparison of the two sets of
data revealed a strong correlation of the copy numbers
obtained by ddPCR and qPCR for both ITGA6 and
ITGA6A .
CONCLUSION
We found that ITGA6 and ITGA6A detection in stools
of patients with colorectal cancers with ddPCR is
comparable to that of qPCR using TaqMan assays.
Key words: Colorectal cancer; Advanced adenoma;
Non-invasive screening; Biomarker; mRNA
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the use of droplet digital
polymerase chain reaction (ddPCR) for detecting host
mRNA markers in stools as a non-invasive test for
colorectal cancer screening using ITGA6 and ITGA6A
as established medium and low abundance stool
biomarkers. Our side by side comparison of ddPCR
and qPCR on stool samples obtained from patients
with advanced adenomas and colorectal cancers and
controls using duplex TaqMan reactions revealed that
both methods performed equally well.
Herring E, Kanaoka S, Tremblay E, Beaulieu JF. Droplet digital
PCR for quantification of ITGA6 in a stool mRNA assay for the
detection of colorectal cancers. World J Gastroenterol 2017;
23(16): 2891-2898 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2891.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2891

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
causes of cancer-related mortality worldwide, now
accounting for more than 600000 deaths annually just
[1]
in the United States . Early detection is a key factor
[2-4]
in reducing mortality from CRC . The extent of the
spread of the disease in terms of local invasion as well
as to lymph nodes and distal organs at the time of
diagnosis is an important prognostic factor, with five
year survival rates of more than 90% for localized
CRC but only about 10% for CRC having metastasized
[5]
to distant organs . Several screening regiments for
CRC are recommended such as fecal occult blood
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[27,29]

to form a pro-proliferative α6β4 laminin receptor
.
In this proof-of-concept comparative study, we used
ITGA6 (integrin α6 subunit) and ITGA6A (its α6A
variant) as representative medium and low detectable
stool target genes, respectively, as demonstrated
[20]
previously . Our results show that when analyzed
side by side using duplex TaqMan reactions, qPCR and
ddPCR methods performed with comparable sensitivity
for the detection of these two target genes in stools of
patients with colorectal lesions.

of each 20 × TaqMan Gene Expression Assay in a total
volume of 20 µl. qPCR was performed for 60 cycles of
30 s 95 ℃, 1 min 60 ℃ in an Mx3000P Real Time PCR
machine (Stratagene, Mississauga, Ontario) and read
in both the FAM and HEX channels.

ddPCR

Twenty microliters of each reaction mix containing
10 μl ddPCR Supermix for Probes (BioRad), 1 μl
of each 20 × TaqMan Gene Expression Assay for
ITGA6A and ITGA6 and 1 μl of each 20 × diluted
preamplification product was converted to droplets
using the QX200 droplet generator (BioRad). Dropletpartitioned samples were then transferred to a 96-well
plate, sealed and cycled in a MyCycler Thermocycler
(BioRad). DNA polymerase activation was at 94 ℃ for
10 min, followed by 45 cycles of 94 ℃ for 30 s and
55 ℃ for 1 min and a post-cycling step of 98 ℃ for 10
min for enzyme inactivation. The cycled plate was then
transferred and read in the FAM and HEX channels
using the QX200 reader (BioRad).

MATERIALS AND METHODS
Patients and samples

Detailed information pertaining to the samples used
[20]
in this work has been provided in a previous study .
Briefly, the study cohort used herein included 24
patients with advanced adenomas (Ad; defined as
being larger than 1 cm at the greatest dimension) as
well as 65 patients with stage Ⅱ-Ⅳ CRC (32 stage
Ⅱ; 22 stage Ⅲ and 11 stage Ⅳ) that were diagnosed
by colonoscopy and histology. A total of 30 patients
with no pathological findings were used as controls.
For control patients and patients with adenomas,
stools samples were collected before colonoscopy
while patients with CRC provided samples 2-4 wk after
[18]
colonoscopy and biopsy (but before surgery) .

Data presentation and statistical analysis

Stool mRNA detection results were presented as copy
number per microlitre for both PCR assays. For each
gene, a standard reference curve was generated for
ITGA6 and ITGA6A using serial 2 fold dilutions of a
cDNA stock solution of the target sequence quantified
using a NanoDrop 1000 spectrophotometer (NanoDrop,
Wilmington, DE, United States).
For statistics, data were analyzed as previously
[20]
described
using Prism 6 software (GraphPad).
Correlations of stool mRNA detection by qPCR and
ddPCR were evaluated using the nonparametric
Spearman correlation test. Comparisons of mRNA
expression in stool samples from controls and pa
tients with lesions were expressed as median with
interquartile range and analyzed by the Kruskal-Wallis
test followed by Dunn’s multiple comparison tests.
Areas under the receiver operating characteristic (ROC)
curves were calculated using Prism 6. Sensitivities
and specificities were expressed in % with a 95%
confidence interval (CI). Optimal cutoff values were
[30]
calculated with Cutoff Finder . Statistical significance
was defined as P < 0.05.

RNA isolation, reverse transcription and preamplification

Isolation of RNA from fecal specimens was performed
[10,18]
according to a procedure described previously
.
cDNA was synthesized using M-MLV Reverse Trans
criptase, RNase H Minus (Takara Bio Inc., Otsu,
Japan) with 0.375 µg total RNA from stools and 750
ng random hexamers in a final reaction volume of
60 µL. For preamplification, the TaqMan PreAmp
Master Mix Kit (Life Technologies) was used to provide
unbiased, multiplex preamplification of specific
amplicons for analysis with TaqMan gene expression
assays. Commercially available TaqMan primer and
probe mixtures were used for the amplification of
ITGA6 (Hs01041011_m1 labelled with the reporter
dye VIC) and ITGA6A (Hs01041013_m1 labelled with
the reporter dye FAM). Briefly, 20 × TaqMan gene
expression assays were pooled at a final concentration
of 0.2 × in 1 × TE, combined with 5 µl fecal cDNA
and 2 × TaqMan PreAmp Master Mix in a total volume
of 20 µl, then preamplified for 14 PCR cycles of 15
s at 95 ℃ and 4 min at 60 ℃. Linear amplification
of the cDNA samples using the preamplification kit
[20]
under these conditions has been previously verified .
Preamplification products were diluted 1:20 with 1 ×
TE buffer, aliquoted and stored at -80 ℃.

RESULTS
The mRNA levels of ITGA6 and ITGA6A were evaluated
in the same sets of stool samples obtained from
patients diagnosed with Ad or CRC and controls in
duplex for both PCR methods. For each group, results
were expressed as median transcript copy number.
By ddPCR, the median levels of ITGA6 transcript
detection in stools of patients with colorectal lesions
were found to be statistically significantly increased
as compared to those of the controls (Figure 1A). As
compared to controls, the ITGA6 mRNA levels were

qPCR

Duplex qPCR reactions were prepared by combining 1
µl of the 20 × diluted preamplification products with
10 µl TaqMan Gene Expression Master Mix and 1 µL
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Figure 1 Detection of ITGA6 and ITGA6A in stool samples of controls and patients diagnosed with Ad and stage Ⅱ-Ⅳ CRC by duplex ddPCR. A: For total
ITGA6, significant increases in copy number were observed for Ad and all tested CRC stages relative to the controls (Ctrl); B: ROC curve analysis of ITGA6 detection
in Ad and in stages Ⅱ-Ⅲ CRC. Area under the curve (AUC), sensitivity and specificity are provided (95%CI); C: For ITGA6A, significant increases in copy number
were only observed for stage Ⅱ and stage Ⅲ CRC relative to Ctrl; D: Accordingly, ITGA6A/ITGA6 ratios were found to be significantly different between controls and
stage Ⅱ and Ⅲ CRC. Results in A, C and D are expressed as median (interquartile range) of copy number relative to control patients. aP < 0.05, cP < 0.01, eP < 0.001
using the Kruskal-Wallis test followed by Dunn’s multiple comparison test.

approximately 8 times higher for Ad (P < 0.0001)
and 6-11 times for CRC, depending on the stage (P
< 0.002-0.0001; 11 times when stages Ⅱ + Ⅲ are
considered, P < 0.0001). ROC analysis of ITGA6
showed an area under the curve (AUC) of 0.89 (P <
0.0001) for the prediction of stages Ⅱ and Ⅲ CRC
with 78% sensitivity and 93% specificity and of 0.91 (P
< 0.0001) for the prediction of Ad with 96% sensitivity
and 69% specificity (Figure 1B). The detection of
ITGA6A, a pro-proliferative ITGA6 splicing variant up[26,27]
regulated in CRC cells
, was also investigated in
the stools of patients with colorectal lesions. ITGA6A
levels detected in the stools of control patients were
very low while found to be significantly more elevated
(over 40 times) in the stools of patients with stages
Ⅱ and Ⅲ CRC (P < 0.0002). Analyses of the ITGA6A/
ITGA6 ratios revealed that ITGA6A represented less
than 1% and 3% of the total ITGA6 copy number in
the stools of control or Ad patients, respectively, but
approximately 10% in the stools of patients with stage
Ⅱ or Ⅲ CRC (Figure 1D).
Overall, the results using duplex ddPCR for ITGA6
and ITGA6A were found to be comparable to those
[20]
reported previously with conventional qPCR
albeit
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with an apparent underestimation of the general
ITGA6A/ITGA6 ratio. To ensure a valid comparison of
the PCR methods, the same samples as above were
run in parallel in duplex qPCR. As shown in Figure 2,
the results were very similar to those obtained with
ddPCR. For instance, ROC analysis of ITGA6 showed
comparable AUC of 0.90 (P < 0.0001) and 0.91 (P
< 0.0001) for the prediction of stage Ⅱ + Ⅲ and
Ad, respectively (Figure 2B). In fact the only notable
distinction in the data obtained using qPCR was the
more elevated ITGA6A/ITGA6 ratios resulting in an
estimation of the proportion of ITGA6A at 2% and
9% of the total ITGA6 for control and Ad patients and
up to 25% in the stools of patients with stage Ⅱ and
Ⅲ CRC. This appears consistent with the apparent
slight under-estimation of ITGA6 and over-estimation
of ITGA6A. To verify this phenomenon, the linearity
between the two sets of samples generated with
ddPCR and qPCR was evaluated using nonparametric
Spearman analysis. As shown in Figure 3, a significant
correlation was obtained for both ITGA6 (r = 0.9754)
and ITGA6A (r = 0.9334) confirming that the intervariations between the ddPCR and qPCR analyses
were uniform and not the result of a subset of
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ITGA6, significant increases in copy number were observed for Ad and all tested CRC stages relative to Ctrl; B: ROC curve analysis of ITGA6 detection in Ad and in
stages Ⅱ-Ⅲ CRC. AUC, sensitivity and specificity are provided (95%CI); C: For ITGA6A, significant increases in copy number were only observed for stage Ⅱ and
stage Ⅲ CRC relative to Ctrl; D: Accordingly, ITGA6A/ITGA6 ratios were found to be significantly different between controls and stage Ⅱ and Ⅲ CRC. Results in A, C
and D are expressed as median (interquartile range) of copy number relative to control patients. aP < 0.05, cP < 0.01, eP < 0.001 using the Kruskal-Wallis test followed
by Dunn’s multiple comparison test.

A

B

ITGA6
6

10

5

4

10

r = 0.9754

Copy nb (qPCR)

Copy nb (qPCR)

10

4

10

Ctrl

3

10

Ad
2

10

r = 0.9334

3

10

Ctrl

2

10

Ad
1

10

CRC

1

10

ITGA6A
5

10

CRC

0

1

10

2

10

3

4

10
10
Copy nb (ddPCR)

5

10

6

10

10

0

10

1

10

2

3

10
10
Copy nb (ddPCR)

4

10

5

10

Figure 3 Correlation between ddPCR and qPCR measurements. ITGA6 (A) and ITGA6A (B) levels (copy number) detected in controls (Ctrl: white), Ad (red) and
CRC (blue) were plotted and evaluated using the nonparametric Spearman correlation test.

divergent samples.

and ITGA6A transcripts in stool samples obtained
from patients with various types of colorectal lesions
and controls and have shown that both methods
performed with comparable sensitivity for the two
target genes. While expected for ITGA6, which is a
relatively abundant transcript ubiquitously expressed

DISCUSSION
In the present study, we have compared side by
side ddPCR and qPCR for the detection of ITGA6
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[26,31]

in normal and cancer intestinal epithelial cells
,
the comparable sensitivity in the detection of its
ITGA6A variant was more surprising considering that
it is less abundant, its expression being restricted to
the lower crypt cells which do not extrude into the
[31]
[26]
lumen
and to colorectal cancer cells . Indeed,
ddPCR has been shown to be more sensitive to detect
low expression targets and to be more tolerant to
[21-24]
PCR inhibitors
, two advantages that could have
increased stool ITGA6A detection. For instance, ddPCR
was recently successfully used for the measurement
of inflammatory transcripts in stools of children
confirming that this method can be used in clinical
[16]
investigation .
Recent studies compared quantitative to digital
PCR for the detection of pathogens in clinical stool
samples. The ddPCR assay was reported to perform
better than qPCR for the detection of human cyto
megalovirus, mainly because it was less susceptible
[25]
to PCR inhibitors . In another study designed for the
enumeration of Cryptosporidium oocysts, ddPCR was
also reported to be less affected by the presence of
inhibitors but overall, once qPCR data were corrected
for pipetting and DNA losses, the sensitivity of both
[32]
methods was considered to be comparable . In a
third study, digital PCR outperformed SYBR greenbased qPCR for the detection of fecal enterotoxigenic
Bacteroides fragilis but provided similar results
[33]
compared to TaqMan qPCR . It is noteworthy that
we also used TaqMan Gene Expression Assays for
ITGA6 and ITGA6A in order to allow direct comparison
between duplex ddPCR and qPCR.
Use of TaqMan assays has been favored for the
detection of host mRNA in stools for better sen
[10,20]
sitivity
and also because they are not susceptible
to the generation of primer-dimers, a phenomenon
frequently observed for low expression targets in
complex biological samples by the SYBR green
[34]
method . TaqMan qPCR may also be less affected
[33]
by PCR inhibitors than SYBR green-based qPCR .
In this context, it is noteworthy that the specificities
for ITGA6A detection in patients with CRC vs control
patients were over 96% for both PCR methods
(ddPCR: 96.6 %; qPCR: 96.7%). With such low levels
of false positives combined with a sensitivity of 65%
for both methods, ITGA6A appears to be an excellent
candidate biomarker for inclusion in a multiplex stool
RNA assay for CRC screening. It is interesting to note
that the failure of ITGA6A to detect patients with Ad is
consistent with our previous observation that ITGA6A
[26,27]
is only significantly overexpressed in CRC lesions
.
On the other hand, the areas under the ROC curves
for ITGA6 determined by ddPCR and qPCR were
0.91 for Ad and 0.89 and 0.90, respectively, for CRC,
confirming our previous findings on the usefulness of
ITGA6 in the detection of colorectal lesions in a noninvasive assay.
Taken together, these data indicate that both
TaqMan qPCR and ddPCR perform well in this duplex
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assay comprised of the moderately abundant target
transcript ITGA6 and its scarcer variant ITGA6A. One
of the main advantages of ddPCR is that it provides
absolute quantification of the target DNA in copy
number to a point where it has been proposed for
[22,23,35]
the construction of calibration curves
. Direct
comparison of the results obtained with the two
techniques revealed strong correlations between
ddPCR and qPCR measurements. Interestingly, the
yields observed for ddPCR were slightly higher for
ITGA6 but lower for ITGA6A than for qPCR resulting in
an apparent 2-3-fold overestimation of ITGA6A relative
to the total ITGA6 by qPCR in the stools of patients
with CRC. These differences in target quantitation
between ddPCR and qPCR are comparable to those
[22,36]
reported by other authors
.
In conclusion, we found that ITGA6 and ITGA6A
detection with ddPCR was comparable to that of qPCR
using TaqMan assays. Considering the cost of ddPCR
[33]
is estimated to be five times that of TaqMan qPCR
while qPCR allows the processing of more samples
per run, we agree with the suggestion that ddPCR is
optimal for calibrating targets for subsequent use on
[22,23,35]
other platforms such as qPCR
.
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Background

Because colorectal cancer can be successfully treated before the occurrence of
metastasis, early and efficient diagnosis of the colorectal lesions is important.
Currently approved non-invasive methods based on the detection of biomarkers
in the stool include fecal occult blood and more recently, stool host DNA.
Unfortunately, the sensitivity of these methods for detecting precancerous
lesions remains low. Detection of host mRNA in stools has been also
investigated over the last 2 decades and lead to the identification of a number
of transcripts up-regulated in patients with colorectal cancers.

Research frontiers

Detection of host mRNA in stools appears challenging considering its
low proportion in regard to total stool RNA and its particular sensitivity to
degradation. Efficient mRNA detection protocols are thus needed to insure the
reliability of this approach.

Innovations and breakthroughs

In this proof of concept study, we compared side by side droplet digital
polymerase chain reaction (PCR) to quantitative PCR using duplex TaqMan
reactions for the detection of the two previously characterized stool colorectal
cancer markers ITGA6 and ITGA6A. These results show that the two methods
performed well, showing comparable sensitivity for the detection of the two
targets genes in the stools of patient with colorectal lesions.

Applications

These findings suggest that although droplet digital PCR has some advantages,
its sensitivity for detection seems comparable to the less expensive quantitative
PCR when using duplex TaqMan reactions.
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Droplet digital PCR is a now commercially available technology for DNA
amplification considered as third generation PCR, relative to its previous
generation, the quantitative PCR. TaqMan assays consist of the use of a pair
of unlabeled primers with a specific labeled probe, which increase specificity of
PCR.
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quantification of ITGA6 in a stool mRNA assay for the early detection of
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Abstract

Core tip: Murine models of colitis and carcinogenesis
are widely used to study novel diagnostic approaches
and to preclinically evaluate promising drug candidates.
However, valid assessment of severity of inflammation
or cancer development routinely requires post mortem
histological analysis. Our study provides evidence that
non-invasive contrast enhanced ultrasound (CEUS) is
feasible to specifically target intestinal inflammation
and carcinogenesis. While MAdCAM-1-directed CEUS
follows the severity of murine dextran sodium-sulfate
(DSS)-colitis, the use of VEGF- targeted contrast agent
allows for characterization of cancer development in the
AOM/DSS-induced model of colitis-associated cancer.

AIM
To study mucosal addressin cellular adhesion molecule-1
(MAdCAM-1) and vascular endothelial growth factor
(VEGF)-targeted contrast enhanced ultrasound (CEUS)
for the assessment of murine colitis and carcinogenesis.
METHODS
C57BL/6 mice were challenged with 3% dextran
sodium-sulfate (DSS) for three, six or nine days to
study the development of acute colitis. Ultrasound was
performed with and without the addition of unspecific
contrast agents. MAdCAM-1-targeted contrast agent
was used to detect and quantify MAdCAM-1 expression.
Inflammatory driven colorectal azoxymethane (AOM)/
DSS-induced carcinogenesis was examined on day
42 and 84 using VEGF-targeted contrast agent.
Highly specific tissue echogenicity was quantified
using specialized software. Sonographic findings were
correlated to tissue staining, western blot analysis
and immunohistochemistry to quantify the degree of
inflammation and stage of carcinogenesis.

Brückner M, Heidemann J, Nowacki TM, Cordes F, Stypmann
J, Lenz P, Gohar F, Lügering A, Bettenworth D. Detection
and characterization of murine colitis and carcinogenesis by
molecularly targeted contrast-enhanced ultrasound. World J
Gastroenterol 2017; 23(16): 2899-2911 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i16/2899.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i16.2899

RESULTS
Native ultrasound detected increased general bowel
wall thickening that correlated with more progressed
and more severe DSS-colitis (healthy mice: 0.3 mm ±
0.03 vs six days DSS: 0.5 mm ± 0.2 vs nine days DSS:
0.6 mm ± 0.2, P < 0.05). Moreover, these sonographic
findings correlated well with clinical parameters such
2
as weight loss (r = 0.74) and histological damage
2
(r = 0.86) (P < 0.01). In acute DSS-induced murine
colitis, CEUS targeted against MAdCAM-1 detected
and differentiated stages of mild, moderate and
severe colitis via calculation of mean pixel contrast
intensity in decibel (9.6 dB ± 1.6 vs 12.9 dB ± 1.4 vs
18 dB ± 3.33, P < 0.05). Employing the AOM/DSSinduced carcinogenesis model, tumor development
was monitored by CEUS targeted against VEGF and
detected a significantly increased echogenicity in
tumors as compared to adjacent healthy mucosa
(healthy mucosa, 1.6 dB ± 1.4 vs 42 d, 18.2 dB ± 3.3
vs 84 d, 18.6 dB ± 4.9, P < 0.01). Tissue echogenicity
strongly correlated with histological analysis and
immunohistochemistry findings (VEGF-positive cells in
10 high power fields of healthy mucosa: 1 ± 1.2 vs 42
d after DSS start: 2.4 ± 1.6 vs 84 d after DSS start: 3.5
± 1.3, P < 0.01).

INTRODUCTION
Inflammatory bowel diseases (IBD) such as Crohn’s
disease (CD) and ulcerative colitis (UC) are chronic
relapsing and remitting inflammatory disorders of the
gastrointestinal tract often resulting in challenging
[1,2]
clinical diagnostic and therapeutic scenarios . Accu
rate assessment of inflammation is a prerequisite for
achieving disease control. Furthermore, subjective
clinical evaluation of IBD patients may miss subclinical
inflammation and therefore endoscopy and/or cross
sectional imaging techniques are crucial to improve
[3]
diagnosis . Inconsistencies between disease activity
[4,5]
indices, endoscopic phenotype
and microscopic
[6,7]
findings
are commonplace. Systemic inflammatory
[8]
parameters such as C-reactive protein (CRP) , ery
[9]
throcyte sedimentation rate or biomarkers like fecal
[10]
calprotectin
are of limited value for evaluating
disease activity as they do not distinguish well between
[11]
different degrees of inflammation . However, chronic
intestinal inflammation represents a risk factor for
[12,13]
the development of colitis-associated cancer
. It
has been reported that around 15% of all UC-related
[14,15]
deaths result from colorectal cancer (CRC)
.
Therefore, endoscopic surveillance schedules are
recommended as part of international clinical guide
[16,17]
lines
. Even with surveillance there remains
a substantial risk that adenoma or CRC may go
[18,19]
undetected
.
Currently, the combined approach of meticulous
endoscopic evaluation and subsequent histological
workup of multiple biopsies is considered to be the
gold standard for accurate diagnosis and follow[16,20]
up examinations of IBD patients
. Nevertheless,
repeated invasive colonoscopic examinations along

CONCLUSION
Molecularly targeted CEUS is a highly specific and noninvasive imaging modality, which characterizes murine
intestinal inflammation and carcinogenesis in vivo .
Key words: Colitis; Dextran sodium-sulfate; AOMDSS; Carcinogenesis; Ultrasound; Contrast-enhanced
ultrasound; Vascular endothelial growth factor; Mucosal
addressin cellular adhesion molecule-1
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with the required bowel cleansing procedures are
potentially uncomfortable and can therefore result
[21]
in suboptimal investigation . Consequently, more
specific and non-invasive imaging methods are
necessary to improve diagnosis and monitoring in IBD
patients.
In contrast to endoscopy, high frequency ultrasound
(US) of the bowel offers the possibility of performing
[22,23]
serial follow-up investigations non-invasively
.
Furthermore, available scoring systems allow native
ultrasonic examination of the small and large bowel
to be standardized and more reliable, facilitating
the detection of severe complications such as
[24]
fistulae and stenoses . Sensitivity and specificity
rates for the detection of stenoses and fistulae are
[25,26]
comparable to that of computed tomography
[27,28]
and magnetic resonance imaging (MRI)
. CEUS
refers to the intravenous delivery of gas-filled micro
bubbles (MB), which have an approximate diameter
of 2.9 µm, stabilized by a lipid shell. These MBs
accumulate predominantly in well-perfused tissue
resulting in specific echogenic changes, which can
help discriminate the differential diagnoses and is
[29]
therefore advantageous compared to native US .
CEUS was first clinically used in patients with liver
lesions and then successfully adopted for human IBD
[30,31]
in order to assess the degree of inflammation
.
The advancement of CEUS led to the use of targeted
contrast agents, most frequently biotinylated anti
bodies, which are bound to streptavidin molecules
located on the outer shell of MB. The contrast agent
can be used to specifically target endothelial molecular
components such as VEGF and mucosal specific
MAdCAM-1, giving specific contrast enhancement of
tissues expressing the target molecules.
The aim of this study is to evaluate the feasibility of
detection and characterization of experimental colitis
by the use of MAdCAM-1-targeted contrast agent
ultrasound. Additionally, experimental colitis-associated
cancer is studied by use of anti-VEGF-targeted contrast
agent.

abdomen was depilated with standard depilatory
cream. All animals were euthanized by isoflurane
overdose before tissue collection.

Chemically induced colitis

Induction of colorectal cancer

Pretreatment with a single intraperitoneal injection of
mutagenic AOM (10 mg/kg) was followed by three
cycles of 2.5% (w/v) DSS in drinking water (days
[35]
0 to 7, days 21 to 28 and days 42 to 49) . Mice
received autoclaved water in treatment-free intervals.
After 42 and 84 d, targeted contrast agent ultrasound
was performed in anesthetized mice. After the final
examination, mice were euthanized by an overdose of
anesthesia. Colons were removed, opened and split
longitudinally with the intestines being used for various
analyses.

Histological colitis score

After explantation, colons were embedded in O.C.T.
compound (Tissue-Tek, Sukura Fine Tek Europe,
Zoeterwoude, NL) and kept frozen at -80 ℃. Sections
of 5 µm thickness were stained with hematoxylin and
eosin (HE) and then scored according to the Dieleman
[36]
colitis score . Colons were graded by three blinded
investigators (M.B., D.B., F.C.) by the amount of
inflammation and the depth of inflammation, graded 0
to 3, as well as being graded 0 to 4 for the amount of
crypt damage or regeneration detected. These changes
were also quantified as percentage involvement: (1)
1%-25%; (2) 26%-50%; (3) 51%-75%; and (4)
76%-100%. Points allocated were multiplied by the
factor of epithelium involvement in regards to extent and
presence of inflammation (range 0 to 12) and extent of
regeneration and crypt damage (range 0 to 16).

MATERIALS AND METHODS
Mice

All procedures using animals were reviewed and
approved by the local animal subjects committee,
University of Münster (permit 84-02.04.2013.A093).
Female C57BL/6 mice (8-10 wk of age, 20-22 g)
(Charles River Laboratories, Sulzfeld, Germany), were
acclimatized for 2 wk prior to the start of experiments.
Five mice were housed per cage and maintained in
air-conditioned quarters with a room temperature of
23 ± 2 ℃, controlled relative humidity of 50% ± 10%
and an alternating 12 h light/dark-cycle. Mice were
fed with standard chow and autoclaved tap water ad
libitum. Chows was removed from cages 12 h prior to
ultrasound examination. For ultrasound examinations,
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[32]

Colitis was induced as described previously . Briefly,
drinking water was replaced by 3% (w/v) DSS (MP
Biomedicals, Illkirch, France) for a period of three,
six or nine days. This strategy leads to a reliable
[33]
and reproducible acute colitis . On the last day of
administration, mice received ultrasound examination
and were subsequently euthanized by an overdose of
[34]
anesthesia . The colon was removed, opened and
split longitudinally with the intestines being used for
various analyses.

Immunoblotting

Colonic tissue samples were transferred into lysis
buffer (20 mmol/L Tris-HCl, pH 7.5, 150 mmol/L
NaCl, 0.1% Triton X; all Sigma-Aldrich Chemie
Gmbh, Munich, Germany) and sonicated on ice for 10
seconds. Total protein concentrations were determined
by Bradford assay (BioRad, Hercules, California,
United States). 30 mg of total cellular protein per
lane were size separated on 4%-20% tris glycin gel,
blotted onto nitrocellulose membranes (Amersham
Pharmacia Biotech, Illinois, United States) and blocked
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with blocking buffer (phosphate buffered saline (PBS)
containing 10% (w/v) non-fat dry milk and 1% (w/v)
bovine serum albumin (BSA). Blots were incubated
with purified monoclonal rat anti-mouse MAdCAM-1
(clone: MECA-367, DB, Becton, Dickinson and
Company, New Jersey, United States, dilution 1:250)
overnight at 4 ℃. MAdCAM-1 is a tissue- and diseasespecific endothelial cell adhesion molecule critically
[37,38]
involved in lymphocyte homing
and its expression
is massively increased in inflamed intestinal tissues of
[39,40]
IBD patients
. Immunodetection was carried out
using biotinylated goat anti-rat Ig (dilution 1:1000)
(DB, Becton, Dickinson and Company, New Jersey,
United States) for 1 h at room temperature, followed
by streptavidin horseradish peroxidase and enhanced
chemiluminescence (ECL, Amersham Pharmacia
Biotech, Piscataway, United States).

and gain kept constant for all animals in an imaging
session to minimize intra-examination variability. The
ultrasound procedure was always performed in colon
segments between the specific anatomical landmarks;
(1) cranial part of the urinary bladder and left lower
kidney pole; and (2) left lower and upper kidney
pole. After conventional B-Mode ultrasound imaging
of the colon wall, targeted CEUS was performed by
application of 50 µL of contrast agent intravenously
via the tail vein. First, Vevo MicroMarker™ TargetReady Contrast Agent (FujiFilm VisualSonics, Toronto,
Canada) was prepared with a particular isotype control
antibody in order to block unspecific receptors (APC
Rat IgG2a, κ Isotype Control, Biolegend, California,
United States). Secondly, Vevo MicroMarker™ was
prepared with biotinylated rat anti-mouse MAdCAM-1
(DB, Becton, Dickinson and Company, New Jersey,
United States) or biotinylated rat anti-mouse VEGF
(BioLegend, California, United States) according to
the manufacturer’s instructions. An infusion pump
(Vevo Infusion Pump, FujiFilm VisualSonics, Toronto,
Canada) ensured continuous and consistent infusion
of the contrast agent at a flow rate of 20 µL per
minute. With the start of contrast agent application,
an image sequence of the bolus perfusion measuring
time until maximal pixel contrast intensity was
acquired (“time to peak flow”), providing information
about the tissue perfusion. Secondly, a destructionreplenishment sequence was performed with five
ultrasound pulses of high acoustic power destroying
all MBs in the field of view and acquiring reperfusion
with contrast agent four minutes after bolus injection.
Importantly, the used destruction impulse destroyed
only the MBs and did not affect the antibodies. Before
initiating the destruction-replenishment sequence,
measured echogenicity consisted of MBs bound to their
endothelial target via antibody plus MBs flowing by
in vessels. The applied destruction impulse destroyed
all MBs in the field of view with the antibodies staying
attached to their endothelial target and continually
blocking it. After the destruction impulse, the mea
sured echogenicity consisted only of MBs flowing by
in vessels, as antibodies still blocked the endothelial
targets preventing new compound from binding to the
endothelial target. The difference between echogenicity
after destruction sequence and echogenicity before
the sequence led to values of echogenicity arising from
highly specifically targeted MBs:

Immunohistochemistry

Cryostat colon sections of 7 μm thickness were airdried, fixed for 10 min in pure acetone at 20 ℃ and
blocked with blocking buffer (PBS containing 0.1%
BSA and 10% goat serum, Sigma-Aldrich Chemie
Gmbh, Munich, Germany). A three-step staining was
used, incubating the slides with solutions of purified
polyclonal rabbit anti-murine VEGF165 antibody (dilution
1:100, PeproTech, New Jersey, United States), secondly
biotinylated goat anti-rabbit Ig (dilution 1:100,
DB, Becton, Dickinson and Company, New Jersey,
United States) and then Streptavidin Alexa Flour 546
conjugate (1:100; Molecular Probes, Luiden, NL).
Finally, nuclei were counterstained with 4,6-Diamidine2-phenylindoldihydrochloride (DAPI; Sigma-Aldrich
Chemie Gmbh, Munich, Germany). Positively stained
cells were counted in at least 10 representative HPF per
section and data were expressed semi-quantitatively.

In vivo contrast agent ultrasound

Mice were anesthetized with isoflurane gas (100% v/v,
1.5 Vol. %, 1.5 L/min) (Florene, Abbott, Wiesbaden,
Germany) and fixed onto a preheated plate in order
to maintain the body temperature. Both heart and
respiratory rates as well as body temperature of the
mice was monitored. Ultrasound contact gel (2 mL
per animal, SAVGel-Ultraschallkontaktgel, SAV Liquid
Production, Flintsbach am Inn, Germany) was instilled
into the colon using a buttoned blunt metal cannula
(16F) to enhance echogenicity and determination of
the shape of the colon wall. Ultrasound examinations
®
were performed using the Vevo 2100 ultrasound
system, specifically designed for small animal imaging
(FujiFilm VisualSonics, Toronto, Canada). The system
is fitted with a dedicated transducer detecting nonli
near harmonic responses from MB and has a center
frequency of 21 MHz (MS 250, FujiFilm VisualSonics,
Toronto, Canada). Two-dimensional images were
recorded with the transducer fixed in a retainer in the
sagittal plane with imaging settings focus, image depth
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Echogenicity (molecularly targeted MBs + flowing
MBs) - echogenicity (flowing MBs) = echogenicity of
molecularly targeted MBs
This sequence enabled highly specific molecularly
targeted CEUS, which required two sequences of
application of contrast agent. First, a sequence with
MBs bound to the particular isotype control antibody
was recorded. Second, a sequence with MBs bound to
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specific targeted antibody (MAdCAM-1 and VEGF) was
recorded.

colonic histological damage was scored using the well[36]
established scoring system according to Dieleman .
In line with the finding of a significantly decreased
relative body weight in groups treated with six or nine
days of DSS, histological damage was also maximal in
these two groups (six days, mean 5.8 ± 1.2 points and
nine days mean 16.9 ± 3.8 points) as compared to
animals challenged for three days or healthy controls
(three days, mean 2 ± 0.9 and no loss of body weight
in healthy controls, P < 0.01; Figure 1B). B-mode
ultrasound of the colonic wall was performed analogous
to human large bowel ultrasound considering the
following anatomical landmarks: cranial part of the
urinary bladder, left lower kidney pole and left upper
kidney pole (Figure 2A and B). Colon wall thickness in
healthy C57BL/6 mice was determined to be 0.3 mm
(± 0.03). In contrast, colitic mice showed a significant
increase in wall thickness with maximal values in
animals treated for six and nine day with DSS (six
days, 0.5 mm ± 0.2 and 0.6 mm ± 0.2, P < 0.05).
A strong correlation between the increase in colonic
2
wall thickness and histological damage (r = 0.86), as
2
well as with weight loss (r = 0.74) was observed (P <
0.01; Figure 2C). Given that perfusion is enhanced in
actively inflamed tissue, the ability of CEUS to visualize
and quantify perfusion has proven helpful to assess
[42]
inflammatory alterations . Interestingly, the time
from contrast agent application to peak flow “time to
peak flow” was dramatically shortened in animals DSStreated for three, six and nine days (6.1 s ± 0.7 s; 4.9
s ± 0.5 s and 4.9 s ± 0.7 s, respectively) as compared
to healthy control animals (11.3 s ± 2.2 s, P < 0.01).
These findings illustrate the additional value of the use
of contrast agents in ultrasound diagnostics. Taken
together, our results indicate a strong correlation
between ultrasound findings, histological alterations
and clinical parameters of colitis severity in mice.

Calculation of pixel contrast intensity

All sequences were exported and analyzed with Vevo
LAB Software (Version 1.7.2, FujiFilm VisualSonics,
Toronto, Canada). This software application, among
other functions, generates several parameters of
perfusion by analyzing the kinetics of contrast-uptake.
Tissue contrast-uptake is relatively quantified in mean
pixel contrast intensity [LINEAR arbitrary unit (a.u.)]
which is then converted into arbitrary unit decibel
(dB). Contrast-uptake was measured in three regions
of interest (ROI) in the descending colon of mice,
where DSS-induced inflammation is reliably observed.
For reliable measurements, signals from ROI of
isotype control examinations were subtracted from
corresponding MAdCAM-1 and VEGF examinations.
Decibel-values of the isotype control subtracted from
dB-values of targeted antibodies allowed calculation
of dB-values specifically generated by MB targeted
against MAdCAM-1 or VEGF, which directly correlate
[41]
with the expression of the targeted receptor . Time
until maximal pixel contrast intensity was achieved
measured as “time to peak flow”, providing information
about tissue perfusion dynamics.

Statistical analysis

Results are expressed as mean ± SD. Student’s t test
or analysis of variance (ANOVA) along with TukeyHSD Test was used to compare results and the level of
local significance (P) was 0.05. Individual experiments
were performed at least three times. Statistical
®
analyses were performed using IBM SPSS Statistics
24.0 for Mac OS (IBM Corporation, Somers, NY, United
States).

Institutional animal care and use committee statement

Contrast-enhanced ultrasound targeting MAdCAM-1
mirrors colitis activity

All procedures using animals were reviewed and
approved by the local animal subjects committee of
the University of Münster (permit 84-02.04.2013.
A093).

MAdCAM-1 expression is massively and almost
exclusively increased during intestinal inflammation
and is localised to the small bowel and colon.
Therefore, MAdCAM-1 is a promising molecular
target to detect and characterize DSS-induced colitis.
For sonographic detection of MAdCAM-1 protein
expression, contrast agent targeting its isotype
antibodies was administered to block unspecific
signals in subsequent examinations. After in situ
destruction of all isotype-bound contrast agents
by high mechanical index ultrasound pulses, CEUS
targeted against MAdCAM-1 using specific contrast
agents was performed (Figure 3). A mean echogenicity
of 3.9 dB ± 1.3 was measured in healthy control
animals, which was significantly increased in mice
challenged with DSS for three, six or nine days (9.6 dB
± 1.6; 12.9 dB ± 1.4 and 18 dB ± 3.3 respectively).
The selectivity of the MAdCAM-1-targeted CEUS was

RESULTS
Sonographic measurements of colonic wall thickness
reflect disease severity in murine DSS-induced colitis

To establish the different degrees of colitis severity,
mice (n = 10 per group) received DSS in drinking
water for three, six or nine days. During the ex
periments, disease severity was monitored by deter
mination of the relative loss of body weight (Figure
1A). Compared to healthy control mice, animals
receiving DSS-treatment for three days only had a
minor loss of body weight (0.99 ± 0.03), which was
less pronounced compared to animals challenged
for six or nine days (0.93 ± 0.03 and 0.86 ± 0.06,
respectively, P < 0.01; Figure 1A). Post mortem,
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Figure 1 Assessment of dextran sodium-sulfate-incuded colitis by evaluation of relative body weight loss and histological damage. C57BL/6 WT mice
received 3% DSS in their drinking water for 3, 6 or 9 d, respectively. Inflammation was monitored by daily measurement of individual body weights. A: Development
of relative body weight after 3, 6 and 9 d of treatment with DSS. Control group received tap water only. Data are mean ± SD; n = 10 for each group, aP < 0.01; B:
Representative HE-stained histologic images of resected colons showing increasing inflammatory infiltrates (left panels, magnification × 10; right panels, magnification
× 20); C: Histologic Dieleman Score (range from 0-40 points) describing inflammation, depth of inflammation and crypt damage or regeneration. Boxplot with median
and whiskers, n = 10 for each group, cP < 0.01. DSS: Dextran sodium-sulfate.
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Figure 2 Contrast-enhanced ultrasound accurately detects dextran sodium-sulfate-induced colitis. A: Native ultrasound of the murine colon visualizing the
bowel wall stratification. Thickness of the wall was measured in triplicate. Colon filled with ultrasound contact gel for improved testing conditions; B: Colonic wall
thicknesses correlate with exposure to DSS in a time-dependent manner. DSS treatment led to a loss of sonographic bowel wall stratification (not shown). Data are
means ± SD, n =10 for each group, aP < 0.05; C: Linear regression between parameters thickness of colon wall and histological Dieleman score shows a significant
correlation as indicated by determination coefficient r2 = 0.86; D: Time to peak flow depicting start of contrast agent application until maximal pixel contrast intensity in
seconds. Time to peak flow correlates with exposure to DSS in a time-dependent manner. Data are mean ± SD, n = 10 for each group, cP < 0.01.
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Figure 3 mucosal addressin cellular adhesion molecule-1-targeted contrast enhanced ultrasound reflects experimental intestinal inflammation. A:
Schematic illustration of a destruction-replenishment sequence with ultrasound pulses of high acoustic power (red bar) and reperfusion of contrast agent for
acquisition of highly specific molecularly targeted CEUS. Image insert showing B mode image (left) and corresponding CEUS image (right); B: CEUS with targeted
contrast agent against MAdCAM-1. Contrast mean power of defined ROI in descending colon in arbitrary unit dB. Decibel values correlate with exposure to DSS in a
time-dependent manner. Boxplot with median and whiskers, n = 10 for each group, aP < 0.05; C: Immunofluorescence with staining against MAdCAM-1 (bright red),
cell nuclei counterstained with DAPI (blue). Positively stained cells were counted in at least 10 representative high power fields per section and cell numbers were
expressed semi-quantitatively. Left panel: corresponding HE stained sections; D: Immunoblot with purified anti-mouse MAdCAM-1 antibody showing a characteristic
protein band at 58-66kDa. Animals exposed to DSS for 6 and 9 d showing stronger expression of MAdCAM-1 than control animals. DSS: Dextran sodium-sulfate;
CEUS: Contrast-enhanced ultrasound; MAdCAM-1: Mucosal addressin cellular adhesion molecule-1.

emphasized by a significant difference in echogenicity
between all groups tested as compared to healthy
control group (P < 0.001). To corroborate these
in vivo findings, immunoblotting of colonic tissue
samples was performed, revealing significantly
stronger MAdCAM-1 expression in DSS-treated mice
for 6 and 9 d as compared to those treated only for
3 d and healthy controls. In immunohistochemistry,
positively stained cells for MAdCAM-1 were counted in
10 representative HPF per section and were expressed
semi-quantitatively. In healthy control animals 1.7
± 1.4 positively stained cells could be detected,
animals challenged with DSS for three, six and nine
days showed a significantly increased expression of
MAdCAM-positive cells in IHC (2.6 cells ± 1.7, 3.5
cells ± 1.4, 4.1 cells ± 2, respectively, P < 0.001).
These data underscore the increased colonic tissue
expression of MAdCAM-1 in colitic mice.

cancer surveillance. As VEGF functions as a key growth
factor in tumor angiogenesis, VEGF-targeted CEUS
using VEGF-specific molecular probes was performed
to detect experimental colorectal cancer following AOM/
[43]
DSS administration in WT mice . Carcinogenesis was
examined at three different time points. While the first
group was examined prior to AOM/DSS administration,
two other groups were investigated 42 and 84 d after
AOM/DSS treatment was commenced. After ensuring
specificity by performing CEUS targeted against an
isotype control, VEGF-targeted ultrasound of murine
colons was performed. After correction of values for
VEGF echogenicity according to healthy adjacent
colonic tissue, at day 42 after AOM/DSS start, targeted
CEUS of detected tumors was measured of 18.2 dB
± 3.3 dB. 84 d after AOM/DSS start, mean value of
18.6 dB ± 4.9 dB was detected and was significantly
increased as compared to healthy control mice (1.6
dB ± 1.4 dB, P < 0.01) (Figure 4). No significant
difference in echogenicity was observed in tumors of
animals after 42 and 84 d after AOM/DSS treatment
was begun. Ex vivo, tumours were confirmed by HEstaining and immunofluorescence staining assessed
VEGF expression in malignant tissue samples. More

Detection and quantification of carcinoma-associated
angiogenesis via CEUS targeted against VEGF

Longstanding chronic colitis is associated with an
increased risk for colitis-associated cancer development
and thus demands an appropriate diagnostic tool for
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Figure 4 Evaluation of vascular endothelial growth factor expression in colorectal carcinogenesis by contrast-enhanced ultrasound. A: Schematic
illustration of induction of dextran sodium-sulfate (DSS)/azoxymethane (AOM) colitis. Single intraperitoneal AOM application followed by three cycles of 2.5% (w/v)
DSS in drinking water (days 0 to 7, days 21 to 28 and days 42 to 49); B: Schematic illustration of contrast agent ultrasound in highly specific molecularly VEGFtargeted CEUS. Development of tumors after 42 and 84 d after treatment with AOM. White arrows depicting colonic tumor mass. Left panel, B mode images; right
panel, corresponding CEUS images; C: Immunhistochemistry staining against VEGF (bright red), cell nuclei were counterstained with DAPI (blue). Positively stained
cells were counted in at least 10 representative high power fields per section and cell numbers were expressed semi-quantitatively; D: CEUS with targeted contrast
agent against VEGF. Contrast mean power of defined ROI in descending colon in arbitrary unit dB. Decibel values correlate with exposure to DSS in a time-dependent
manner. Boxplot with median and whiskers, n = 10 for each group, aP < 0.01. VEGF: Vascular endothelial growth factor; DSS: Dextran sodium-sulfate; CEUS:
Contrast-enhanced ultrasound; AOM: Azoxymethane.

specifically, the number of VEGF-positive cells in 10
HPF were counted and were significantly increased
in tumor samples 42 and 84 d after AOM/DSS start
as compared to colonic tissue samples from healthy
mucosa (42 d: 2.4 ± 1.6; 84 d: 3.5 ± 1.3 vs healthy
mice: 1 ± 1.2; P < 0.01).

clinically relevant therapeutic target.
Over recent decades, endoscopic examinations
have been established to assess the gastrointestinal
[44,45]
tract in patients with IBD
. However, besides being
not comfortable for patients, this modality is invasive
and also has risks of serious complications such as
perforation, especially in IBD patients with active colonic
[46,47]
inflammation
. Alternative diagnostic approaches
such as cross-sectional imaging have been developed
but may be cost-intensive in terms of magnetic
resonance imaging or associated with radiation exposure
[48,49]
with regard to computed tomography
. In contrast,
ultrasonography is a non-invasive and inexpensive
imaging modality that is well tolerated by patients.
In addition, a large meta-analysis demonstrated
comparable diagnostic accuracy for ultrasound
and cross-sectional imaging modalities regarding
[50]
the diagnosis of IBD . Therefore, several current
guidelines recommend bowel sonography for evaluating
[51]
the terminal ileum and the large bowel . Accordingly,
ultrasound has already been integrated in the diagnostic
work up for IBD patients in several European countries

DISCUSSION
In this study, we demonstrate that native small-animal
ultrasound is feasible as a diagnostic procedure to
detect and follow the course of DSS-induced colitis
in mice. There was a strong correlation of ultrasound
findings with conventional measures of experimental
colitis such as loss of body weight and histological
damage. Furthermore, applying anti-MAdCAM-1-labeled
MBs allowed us to characterize and quantify MAdCAM-1
expression during the course of experimental intestinal
inflammation. Finally, in the murine model of AOM/DSSinduced carcinogenesis, the use of labeled MBs directed
against VEGF enabled the specific detection and
quantification of a key promoter of carcinogenesis and a
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[52]

such as Germany and Italy . In contrast to the
clinical investigation of IBD patients, experimental
assessment of the intestinal inflammation using smallanimal ultrasound is limited. Nevertheless, over recent
years, technical characteristics of transducers have
significantly evolved providing appropriate resolution,
frequency and penetration for ultrasound examination
[53,54]
of mice
. The methodological settings used in
our study employing a 13-24 MHz nonlinear contrast
transducer enables accurate morphologic evaluation
of anatomical structures in animals < 250 g body
weight. Of note, specific recommendations regarding
the positioning of mice and transducer as well as
suggestions about the appropriate use of cleansing
methods prior to ultrasound are available and necessary
[55]
to ensure valid and reproducible findings . However,
small animal bowel ultrasound does require a high level
of technical expertise. As a prerequisite, long ultrasound
examinations demand continuous monitoring of vital
parameters of the animals; stable venous cannulation
is needed for safe application of contrast agent. For
reliable testing conditions and comparable accurate
results, moderate bowel cleansing can be reached
via a short overnight starving and rectal instillation of
ultrasound contact gel. To avoid interference of bowel
peristalsis on the US examination, repeated scans at
fixed anatomical landmarks like the upper or lower
kidney pole are advisable. Following this approach,
the chance of missing an inflammatory or tumorous
colonic lesion is minimized. Since there remains a
risk, especially in early tumorous lesions, of missing a
diagnosis in murine two-dimensional ultrasound of the
bowel, the technique of three-dimensional ultrasound
can be considered for long-segment examination of
the colon. Automated movement of transducers allows
for a three-dimensional acquisition of native and CEUS
[56]
pictures .
The observed increase of colonic wall thickness
over the course of colitis is in line with ultrasonography
findings from human studies in IBD patients. Most
recently, a prospective multicenter study followed
234 CD patients with an acute flare of disease over a
period of 12 mo. After medical treatment escalation, a
successful induction of clinical remission was mirrored
by a significant reduction in the Harvey-Bradshaw
index, an index of clinical disease activity. Along
with the clinical improvement of disease activity, a
significant decrease of colonic wall thickening was
measured, which correlated well with a decrease
in serum CRP-concentrations three months after
[57]
treatment escalation . Another study by Novak
[58]
et al
showed that ultrasound evaluation of bowel
wall thickness and other variables was able to detect
residual disease activity in patients with clinically
quiescent CD. As a gold standard to measure colitis
severity, we determined changes in body weight as
well as histological damage, assessed by the Dieleman
Score. Both parameters showed a marked correlation
with increase of bowel wall thickness determined by
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ultrasonography.
Facilitated by advances in gene array analyses,
molecular characterization of tumors has become
clinically relevant in recent years with the advent of
[59]
targeted therapies . In particular, the addition of antiangiogenic therapies has greatly enriched treatment
regimens and improved survival rates, successful due
to the ability of malignant tumors to facilitate their
[60,61]
own blood supply
. In advanced stages of colon
cancer, selected patients benefit from the addition of
anti-VEGF antibodies (bevacizumab), which target a
[62]
key promoter of tumor angiogenesis . Our studies
demonstrate a successful quantification of VEGF
expression by CEUS in mice, which might be useful to
accelerate preclinical drug testing or as an objective
endpoint when testing individual therapies. Since
efficient targeting of tumor receptors with antibodies is
frequently challenging because of a low diffusion rate
to tumors or rapid uptake by the liver, it is essential
to allow for sufficient distribution of the antibody and
[63]
enrichment in the desired target region . In our
hands, CEUS was highly capable in readily visualizing
VEGF expression in a murine model of colon cancer.
Chronic inflammation of the bowel exposes pa
[14]
tients to an increased risk of developing cancer .
International guidelines therefore recommend en
doscopic surveillance regimens for affected patients
[64]
with IBD such as UC . Recently, sophisticated
endoscopic imaging technologies such as dyebased chromoendoscopy and endomicroscopy-aided
molecular imaging have been described as effective
tools to detect mucosal inflammation and neoplasias
in IBD patients and might provide a rational basis for
patient tailored therapy. It was demonstrated that
in vivo endoscopic molecular imaging of mucosal
inflammatory patterns by identification of membranebound tumor-necrosis factor on mucosal cells as a
potential driver of disease activity in CD could optimize
current treatment approaches on a personalized
[44,65]
basis
. However, endoscopy-based approaches
require an invasive procedure and are limited to the
luminal site of the intestine. Ultrasound in combination
with molecular imaging might allow for a non-invasive
assessment of the entire intestinal wall, which could
be of special interest in transmural inflammation
detectable in Crohn’s disease.
Leukocyte recruitment to the intestinal wall is
a crucial step in the initiation and perpetuation of
IBD-associated inflammation and is regulated by
chemokines and adhesion molecule interactions.
Several integrins participate in this mechanism, e.g.,
the interaction between the α4β7-integrin on T-cells
and MAdCAM-1 addressin on endothelial cells promote
the accumulation of pathogenic T-cells in the inflamed
[66]
mucosa . Therapeutical blockade of T-cell homing via
the integrin α4β7 and the cellular adhesion molecule
MAdCAM-1 has been intensively studied during the
last years as T cells represent a key player in the
[67]
perpetuation of intestinal inflammation . Most recent
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[68]

work by Wendt et al demonstrated that even classic
glucocorticoids act partially via MAdCAM-1 by reducing
C-C chemokine receptor type 9-mediated chemotaxis
of T-lymphocytes. Agents targeting leukocyte traf
ficking have been developed and some anti-integrin
antibodies are already available for IBD therapy while
[69]
others will follow in the near future . Vedolizumab is
a humanized monoclonal antibody that recognizes the
[70,71]
gut-specific α4β7 subunit
. It has been approved
by EMA and FDA in moderate-to-severe UC or CD.
Etrolizumab is an IgG1 humanized monoclonal
antibody that binds the β7 subunit of the α4β7 and
[72]
the αEβ7 integrin heterodimers in the intestine .
An IgG2 monoclonal antibody that selectively targets
gut-specific MAdCAM-1 and blocks its ability to act as
a ligand for integrin α4β7 (PF-00547659) is currently
undergoing phase II evaluation for the treatment of
[73,74]
UC
. Recent research reveals differences between
CD and UC with regard to the gut homing of T effector
cells under treatment with vedolizumab. It could be
shown that there is an unchanged homing of T effector
cells in the colon of CD patients as the α4β1 expression
is increased in T effector cells during vedolizumab
treatment, which leads to adhesion via the α4β1
[75]
integrin and vascular cell adhesion molecule-1 .
This observation underlines that homing of T-cells
proceeds via different and nonredundant pathways
in IBD affecting treatment strategies in anti-integrin
therapy and underlining the importance of monitoring
long-term effects for the recruitment of T-cells very
closely. Our results show that CEUS allows for direct
visualization of MAdCAM-1 upregulation in inflamed
areas of the bowel, which enables the detection of
intestinal inflammation, visualizes the recruitment
of inflammatory cells and provides an objective
endpoint to assess the degree and extent of intestinal
inflammation during evaluation of novel therapeutic
approaches.
In summary, newly targeted diagnostic methods
working on a molecular level are sustainable and
lead to higher precision and individualization in
distinct diagnostic questions. Applied in non-invasive
ultrasound, longitudinal follow-up examinations appear
promising for the evaluation of disease course and
preclinical drug testing. The local application of highly
concentrated drugs in the gut via targeted MB is a new
therapeutic approach that needs further research and
offers other possibilities aside from blocking endothelial
receptors. In the hands of an experienced physician,
the use of targeted CEUS in humans could lead to a
more specific non-invasive diagnostic workup in IBD
patients.

acknowledge the Interdisciplinary Centre for Clinical
Research (IZKF, core unit PIX), Münster, Germany for
their help to analyze the sonographic measurements,
namely Dr. Sven Hermann and Richard Holtmeier.

COMMENTS
COMMENTS
Background

Accurate clinical assessment of inflammation in inflammatory bowel diseases
(IBD) requires elaborate diagnostic workup consisting different imaging
techniques as well as histological examinations. Drawbacks are potentially
occurring inconsistencies in the diagnostic process as well as repeated invasive
follow-up examinations in terms of repeated endoscopies. Consequently,
more specific and non-invasive imaging methods are necessary to improve
diagnosis and monitoring in IBD patients. High frequency ultrasound (US) of
the bowel offers the possibility of performing serial follow-up investigations noninvasively with good rates for sensitivity and specificity. Contrast-enhanced
US (CEUS) refers to the intravenous delivery of gas-filled microbubbles (MB),
which accumulate predominantly in well-perfused tissue resulting in specific
echogenic changes, which can help discriminate the differential diagnoses, e.g.,
to assess the degree of inflammation in IBD. The advancement of CEUS the
use of targeted contrast agents with antibodies bound to the outer shell of MBs.
This contrast agent can be used to specifically target endothelial molecular
components giving specific contrast enhancement of tissues expressing the
target molecules. Antibodies find their specific target and increase echogenicity
via the MB they‘re bound to.

Research frontiers

For reasons of patient‘s comfort and to further improve current diagnostic
procedures, non- or less invasive serological and technical diagnostic
procedures are in focus of current IBD reasearch. The use of different
ultrasound techniques is in line with these efforts. Further, there is an
intensive reasearch for new anti-inflammatory therapies reaching beyond antiTNF-therapy. Molecular targets like the integrin MAdCAM come in focus of
research.

Innovations and breakthroughs

In this manuscript, authors were able to evaluate small animal ultrasound and
targeted CEUS in a standard model of colitis, the DSS-model. With the use of
MBs targeted against one of the main integrins specifically upregulated in IBD
in the bowels, highly specific molecular changes of the disease became visible
and helped to distinguish different stages of colitis.

Applications

Targeted CEUS aiming at endothelial molecules is a potential advancedment
even in the diagnostics of human IBD. The use of CEUS was originally adopted
from the field of hepatology and can help to improve senitivity and specifity
of US examination. Molecularly targeted CEUS for the first time allows for
visualisation of molecular changes related to IBD. This technique could improve
human diagnostics as well in near future.

Terminology

CEUS: contrast enhanced ultrasound. Sonographic technique refering to
the intravenous delivery of gas-filled MB, which accumulate predominantly
in well-perfused tissue resulting in specific echogenic changes. Tumors or
inflammation show changes in echogenicity. Targeted CEUS: targeted contrast
agents with antibodies bound to the outer shell of MBs. This contrast agent
can be used to specifically target endothelial molecular components giving
specific contrast enhancement of tissues expressing the target molecules.
MAdCAM: anti-integrin predominantly expressed in the bowels. As endothelial
molecule it hepls T-cells entering the site of inflammation.
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Follow up on the long-term effects of binding up receptors important for the
recruitment of T cells to manage the progression of inflammation. It is not
clear if an additional destruction sequence is performed with ultrasound pulses
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Abstract
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AIM
To investigate the antioxidant and hepatoprotective
effects of Cortex Dictamni aqueous extract (CDAE) in
carbon tetrachloride (CCl4)-induced liver damage in
rats.
METHODS
The in vitro antioxidant effect of CDAE was investi
gated using α,α-diphenyl-β-picrylhydrazyl (DPPH),
2,2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS), β-carotene bleaching, reducing power, and
thiobarbituric acid reactive substance assays. A
linoleic acid system, including ferric thiocyanate (FTC)
and thiobarbituric acid (TBA) assays, was used to
evaluate the inhibition of lipid peroxidation. The in
vivo hepatoprotective and antioxidant effects of CDAE
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against CCl4-induced liver damage were evaluated in
Sprague-Dawley rats. Silymarin was used as a positive
control. Liver damage was assessed by determining
hepatic histopathology and liver marker enzymes in
serum. Enzyme and non-enzyme antioxidant levels
and lipid peroxide content were measured in the liver.
Cytochrome P450 2E1 (CYP2E1) protein expression was
measured via immunohistochemical staining. Nuclear
factor E2-related factor (Nrf2), heme oxygenase-1
(HO-1), NAD(P)H quinine oxidoreductase 1 (NQO1),
and γ-glutamylcysteine synthetase catalytic subunit
(γ-GCSc) protein expression was measured by Western
blot.

support and research. Therefore, to the best of our
knowledge, our study is the first to demonstrate the
effects of CDAE in CCl4-induced hepatic injury in rats.
Li L, Zhou YF, Li YL, Wang LL, Arai H, Xu Y. In vitro and
in vivo antioxidative and hepatoprotective activity of aqueous
extract of Cortex Dictamni. World J Gastroenterol 2017;
23(16): 2912-2927 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2912.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2912

INTRODUCTION

RESULTS
Our results showed that CDAE exhibited a strong
antioxidant activity in vitro . CDAE scavenged DPPH
and ABTS radicals in a dose-dependent manner.
CDAE inhibited lipid peroxidation with a lipid peroxide
inhibition rate of 40.6% ± 5.2%. In the FTC and TBA
assays, CDAE significantly inhibited lipid peroxidation
(P < 0.01). In vivo histopathological studies indicated
that CCl4-induced liver injury was alleviated following
CDAE treatment in rats of both sexes. CDAE (160
and 320 mg/kg) significantly prevented CCl4-induced
elevations of alkaline phosphatase, glutamate pyruvate
transaminase, aspartate aminotransferase, and total
bilirubin levels in rats of both sexes (P < 0.05, 0.01,
or 0.001). Moreover, CDAE restored the decreased
activities of hepatic antioxidant enzymes, including
superoxide dismutase, catalase, and glutathione
peroxidase, as well as non-enzyme antioxidant
glutathione, which were induced by CCl4 treatment.
CDAE significantly suppressed the up-regulation of
CYP2E1 and promoted Nrf2, HO-1, NQO1, and γ-GCSc
protein expression.

The liver is a critical organ in the human body that is
responsible for the detoxification of exogenous and
endogenous compounds. Hepatic injury can be caused
by toxic chemicals, drugs, and viral infiltration via
[1,2]
ingestion or infection . Notably, synthetic drugs used
to treat hepatic injury have limited therapeutic effects
[3]
and are sometimes associated with adverse effects .
Therefore, it is necessary to explore alternative
treatments for hepatic injury.
Acute liver injury is common and can be easily
[4]
triggered by various toxicants . Carbon tetrachloride
(CCl4), a well-known environmental biohazard, has
been widely used for the experimental induction of
acute liver injury. CCl4 primarily accumulates in hepatic
parenchymal cells and is catalysed by the phaseⅠmeta
bolic enzyme cytochrome P450 2E1 (CYP2E1) to pro
duce unstable free trichloromethyl radicals (CCl3▪ ).
These radicals then react with oxygen to form
trichloromethyl-peroxyl (CCl3O2▪ ) radicals and reactive
[5]
oxygen species (ROS) . Hepatocytes contain an
antioxidant system that helps the liver eliminate
excessive ROS. However, once a burst of ROS formation
occurs, ROS accumulation facilitates oxidative stress.
Excessive ROS are capable of binding to proteins or
lipids and inducing lipid peroxidation and oxidative
[6,7]
damage . Therefore, antioxidant compounds are
believed to ameliorate oxidative stress during CCl4[6]
induced acute liver injury .
The genus Dictamnus includes approximately five
species, which are distributed across Europe and Asia.
Of these, Dictamnus dasycarpus Turcz, whose root
bark (Cortex Dictamni) has been used in Chinese
folk medicine to treat jaundice, chronic hepatitis,
[8-10]
cough, rheumatism and some skin diseases
, is
[11]
widely distributed throughout China . Limonoids,
furoquinoline alkaloids, and flavonoids isolated from
[12,13]
Cortex Dictamni have proven to be antioxidant
.A
recent study of in vitro antioxidant capacity found that
Cortex Dictamni acetone extract is a good scavenger
[14]
of free radicals . Additionally, our previous in vivo
study showed that Cortex Dictamni aqueous extract
(CDAE) can inhibit lipid peroxidation by increasing

CONCLUSION
CDAE exhibits good antioxidant performance in
vitro , with marked radical-scavenging and anti-lipid
peroxidation activities. CDAE is effective in preventing
CCl4-induced hepatic damage in rats of both sexes. The
hepatoprotective activity of CDAE may be attributable
to its antioxidant activity, which may involve Keap1Nrf2-mediated antioxidant regulation.
Key words: Cortex Dictamni; Antioxidant activity;
Hepatoprotective; Carbon tetrachloride; Nrf2
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first to systematically
investigate the antioxidant activity of Cortex Dictamni
aqueous extract (CDAE) in vitro , especially its antilipid perioxidation activity, which is important for
physiological function and pathological processes. In
traditional Chinese medicine, Cortex Dictamni has been
used to treat hepatic disease, but has lacked sufficient
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antioxidant enzyme activity in ApoE mice and in
[15,16]
myocardial ischemia-reperfusion rats
. Based
on these findings, we hypothesized that CDAE may
exhibit antioxidant properties in vitro. Therefore, in
the present study, the antioxidant effect of CDAE was
systematically evaluated in vitro, including its radicalscavenging activity and anti-lipid peroxidation activity.
In recent years, many studies have reported
that traditional herbal medicines and their extracts
[17]
effectively inhibit hepatic pathologies . CDAE has
also been demonstrated to improve the hepatic injury
induced by delayed-type hypersensitivity by inhibiting
[18]
the immune response . Moreover, Cortex Dictamni
[19]
ethanol extract protects mice from hepatic fibrosis .
However, the protective effect of CDAE against CCl4induced hepatic injury in rats has yet to be addressed.
Hence, the present study aimed to systematically
evaluate the antioxidant activity of CDAE in vitro,
including its radical-scavenging activity and antilipid peroxidation activity, and to investigate the
hepatoprotective effect of CDAE, as well as its
mechanism, on CCl4-induced acute liver injury in rats.

(Pharmacology and Toxicology Research Center, Institute
of Medicinal Plant Development, Chinese Academy of
Medical Sciences and Peking Union Medical College)
as Dictamnus dasycarpus Turcz. A voucher specimen
(No. 010001850001) was deposited in the National
Compound Bank of Traditional Chinese Medicines of
the Institute of Medicinal Plant Development, Chinese
Academy of Medical Sciences, Beijing.
Standardized aqueous extract was prepared as
[20]
previously reported . Briefly, 5 kg of Cortex Dictamni
decoction pieces were boiled in 50 L of distilled water
under reflux for 2 h. The decoction was then filtered
and the filtrates were concentrated using a vacuum
evaporator. The concentrated solution was lyophilized
under reduced pressure. The yield of this extract was
approximately 19% (w/w). The dried residue was
stored at 4 ℃ and was dissolved in distilled water at
the time of use.

Ultra-performance liquid chromatography analysis of
CDAE

Ultra-performance liquid chromatography (UPLC)
TM
analysis was performed on a Waters Acquity Ultra
Performance LC system (Waters Corporation, Milford,
MA, United States) equipped with a Waters HSS T3TM
(150 mm × 2.1 mm, 1.8 μm) column. The method
and chromatographic condition were as described
[20]
previously . Stock solutions of three reference
substances (dictamnine, obacunone and fraxinellone)
were prepared at 2 mg/mL in methanol. CDAE (200
mg) was dissolved in 10 mL of deionized water and
extracted three times with water-saturated butanol.
The filtrates were then combined and concentrated
under vacuum. The final extract was dissolved in 5 mL
of methanol and filtered through a 0.22-μm syringe
filter before use. Finally, 2 μL of the resulting solutions
were injected into the LC instrument for UPLC analysis.
The mobile phase with a flow rate of 0.3 mL/min
consisted of aqueous with 0.1% formic acid (A) and
acetonitrile (B). The following solvent gradient system
was used: 1% B from 0 to 2 min, 1%-16% B from 2
to 8 min, 16% B from 8 to 12 min, 16%-28% B from
12 min to 20 min, 28%-50% B from 20 min to 25
min, and 50%-99% B from 25 min to 30 min. The reequilibration duration was 5 min between individual
runs. All of the samples were kept at 4 ℃ during the
analysis.

MATERIALS AND METHODS
Chemicals and reagents

α,α-Diphenyl-β-picrylhydrazyl (DPPH), 2,2′-azinobis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS),
thiobarbituric acid (TBA), ascorbic acid (Vc), and
β-carotene were purchased from Sigma-Aldrich
(St. Louis, MO, United States). Linoleic acid was
purchased from Alfa Aesar (Ward Hill, MA, United
States). Butylated hydroxyltoluene (BHT), potassium
ferricyanide, and trichloroacetic acid were obtained
from the National Medicine Group Chemical Reagent
Co., LTD (Beijing, China). The kits for determination
of glutamate-pyruvic transaminase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase
(ALP), total protein (TP), and albumin (ALB) were
purchased from Beckman (Atlanta, GA, United States).
The kits for determination of superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSHPx), glutathione (GSH), malondialdehyde (MDA),
and total bilirubin (TBIL) were obtained from Nanjing
Jiancheng Institute of Biological Engineering (Nanjing,
China). Nuclear factor E2-related factor (Nrf2) and
heme oxygenase-1 (HO-1) antibodies were obtained
from Abcam (Cambridge, MA, United States). NAD(P)H
quinine oxidoreductase 1 (NQO1), γ-glutamylcysteine
synthetase catalytic subunit (γ-GCSc), and cytochrome
P450 2E1 (CYP2E1) antibodies were purchased from
Santa Cruz Biotechnology (Dallas, TX, United States).

Determination of total alkaloid compound, limonoid
compound and flavonoid compounds

Total alkaloid, limonoid and flavonoid compounds
were determined according to previously described
[21-23]
methods
.

Plant material and extraction

In vitro antioxidant activity

The Chinese herb Bai-Xian-Pi was purchased from
Beijing Qiancao Chinese Herbal Pieces Co., Ltd
(Beijing, China) and identified by Prof. Zhongmei Zou

WJG|www.wjgnet.com

Free radical scavenging activity: Free radical
scavenging activity was determined by DPPH radical
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[24,25]

[26,27]

scavenging
, ABTS radical scavenging
[28]
β-carotene bleaching assays.

, and

that the weight of an adult is 60 kg and that our
extraction yield of CDAE is 19% w/w, the 1 × human
equivalent dose (10 g/kg per day) of CDAE is 160
mg/kg for rats. Doses of 80 and 320 mg/kg of CDAE,
which equate to 1/2 × and 2 × the human equivalent
doses, respectively, were used in this study.

Total antioxidant activity: Total antioxidant activity
[29]
was measured using reducing power
and ferric
reducing antioxidant power assay (FRAP) assays
[30]
according to Jessica Nilsson’s methods .

Blood and tissue samples

Anti-lipid peroxidation activity: Anti-lipid per
oxidation activity was assessed with a linoleic acid
[31]
system using the ferric thiocyanate (FTC) and thiobar
[32]
bituric acid (TBA) assays .

At the end of the experiment, the animals were
anaesthetized by inhalation of ethyl ether. Blood was
collected and allowed to clot. Serum was separated
for the assessment of enzyme activity. The weights
of the livers were assessed soon after the animals
were sacrificed. The liver index, which was used to
evaluate hepatomegaly, is expressed as follows: (liver
weight/body weight) × 100%. Liver samples were
dissected, and subsequently transferred into 10%
buffer formalin for histopathological investigation and
immunohistochemical determination and then stored
in a refrigerator for biochemical index determination
and Western blot.

In vivo hepatoprotective and antioxidant activity

Test animals: Adult male (150 ± 10 g) and female
Sprague-Dawley (SD) rats (130 ± 10 g), 5 wk of age,
were obtained from Beijing Vital River Laboratory
Animal Technology Co. Ltd. These rats were kept at
the animal room of the Institute of Medicinal Plant
Development for 5 d prior to oral administration
to allow for their acclimatization to the laboratory
conditions. The animal room was ventilated with a
12-h cycle of day and night light conditions and the
temperature was maintained at approximately 25 ℃.
The animals were fed with a standard rodent pellet
diet and water ad libitum. All interventions and animal
care procedures were performed in accordance with
the Guidelines and Policies for Animal Surgery provided
by our institute (Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, China) and
were approved by the Institutional Animal Use and
Care Committee.

Measurement of serum biochemical markers

Serum biochemical markers, including ALT, AST, and
ALP were measured using a standard commercial kit
provided by Beckman Coulter (Atlanta, GA, United
States) and an automatic biochemical analyzer
(Beckman Coulter). Serum TBIL was measured using
a commercial kit obtained from Nanjing Jiancheng
Institute of Biological Engineering (Nanjing, China).

Histopathological examination

A portion of the left lobe of the liver was preserved
in 10% buffer formalin for at least 24 h and then
processed and embedded in paraffin according to the
standard protocol. Sections were cut into 5 μm thick
portions, transferred onto glass slides, and stained
with haematoxylin and eosin (HE) for histopathological
examination.

CCl4-induced oxidative toxicity and drug administration

The rats were randomly divided into the following seven
groups, each containing 6 male and 6 female animals,
based on their body weight: (1) Group Ⅰ (control
group): distilled water (1 mL/kg body weight, p.o.)
daily for 7 d and olive oil (2 mL/kg body weight, i.p.)
on days 2 and 5; (2) Group Ⅱ (CDAE control group):
CDAE (320 mg/kg body weight, p.o.) daily for 7 d and
olive oil (2 mL/kg body weight, i.p.) on days 2 and 5; (3)
Group Ⅲ (CCl4 control group): distilled water (1 mL/kg
bodyweight, p.o.) for 7 d and a 1:1 mixture of CCl4 and
olive oil (2 mL/kg bodyweight, i.p.) on days 2 and 5; (4)
Group Ⅳ (positive control): silymarin (100 mg/kg body
weight, p.o.) daily for 7 d and a 1:1 mixture of CCl4 and
olive oil (2 mL/kg bodyweight, i.p.) on days 2 and 5;
and (5) Groups V, Ⅵ and Ⅶ (test groups): CDAE (80,
160, and 320 mg/kg body weight, respectively, p.o.)
for 7 d and a 1:1 mixture of CCl4 and olive oil (2 mL/kg
bodyweight, i.p.) on days 2 and 5.
According to the 2015 Chinese Pharmacopoeia, the
maximum daily intake of Cortex Dictamni is 6-10 g/kg
[33]
per day in human . Clinical application of the Cortex
Dictamni complex prescription at a therapeutic dose of
[34]
10-15 g/kg per day has been suggested . Assuming
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Measurement of antioxidant markers and lipid
peroxidation production in liver tissue

Liver homogenates (10%, w/v) were prepared in icecold physiological saline, and the suspension was
centrifuged at 2500 rpm for 10 min at 4 ℃. The protein
content of the homogenates was determined using
a standard commercial kit provided by the Nanjing
Jiancheng Institute of Biological Engineering (Nanjing,
China). The clear supernatant was used for the
determination of antioxidant markers, including SOD,
CAT, GSH-Px, and GSH, as well as lipid peroxidation
production of MDA. Assays were conducted using the
kits obtained from Jiancheng Institute of Biotechnology
(Nanjing, China) according to the protocol of the
manufacturer and the results are expressed in mg per g
protein.
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Immunohistochemistry

fraxinellone (peak 3) by comparing the retention
times of standard substances, which are shown in
Figure 1. The amounts of dictamnine, obacunone,
and fraxinellone in CDAE were 0.011%, 0.073%, and
0.003%, respectively.

For immunohistochemistry, deparaffinized sections
were immersed in a vessel containing 0.01 mol/L
citrate (pH = 6.0) and microwaved for 15 min,
followed by incubation with 3% H2O2 for 30 min.
Goat serum was used to block nonspecific protein
binding for 30 min. The sections were then incubated
overnight at 4 ℃ with primary antibody (rabbit antiCYP2E1) diluted 1:100, followed by incubation with
horseradish peroxidase-conjugated goat anti-rabbit
IgG. The sections were then washed three times with
PBS, color-developed using DAB, and subsequently
counterstained with hematoxylin. Images were ob
tained via digital imaging light microscopy (Olympus,
Japan). Positive staining was analyzed using ImagePro
Plus 6.0 software.

Total alkaloid, limonoid, and flavonoid compounds

Alkaloids, limonoids and flavonoids isolated from Cortex
Dictamni are thought to be the biologically active
[12,13]
agents
. The total amounts of alkaloid, limonoid,
and flavonoid compounds in CDAE were measured in
this study. The amounts of total alkaloid (dictamnine
equivalents), limonoid (obacunone equivalents), and
flavonoid (quercetin equivalents) compounds from
CDAE were 36.79 ± 2.23, 145.868 ± 10.72, and 79.23
± 2.60 mg/g extract, respectively.

Western blot analysis of Nrf2, HO-1, NQO1 and γ -GCSc

In vitro antioxidant activity

Total soluble protein was homogenized and extracted
from the liver tissues using extraction buffer supple
mented with 1 mmol/L phenylmethanesulfonyl fluoride.
The homogenates were centrifuged at 15000 g for 15
min at 4 ℃ and the supernatant was collected. Nuclear
soluble protein was homogenized and extracted using
a standard commercial kit provided by ComWin Biotech
(Beijing, China). After protein quantitation, equal
amounts of protein were separated via sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to nitrocellulose membranes (Pall, Ann
Arbor, MI). The membranes were blocked with 5% nonfat dry milk and incubated overnight at 4 ℃ with the
corresponding primary antibodies. After three washes in
TBST, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies at a 1:5000
dilution for 2 h at room temperature. The signals were
detected using an electrochemiluminescence (ECL)
system. The relative intensities of the bands were
TM
quantified using AlphaEaseFC software. β-actin was
used as an internal standard.

DPPH and ABTS free radical scavenging activity:
DPPH and ABTS are synthetic radicals that are used
to evaluate the free radical scavenging activity of
herbal medicines. The antioxidant activity of CDAE was
determined based on its capacity to scavenge DPPH
and ABTS radicals (Figure 2A and B). CDAE scavenged
DPPH and ABTS radicals in a concentration-dependent
manner. Vc showed the highest scavenging activity,
while the DPPH radical scavenging activity of CDAE
was equal to BHT at 1 mg/mL.
β-Carotene bleaching assay: The β-carotene
bleaching assay is based on the discoloration of
β-carotene, owing to its reaction with linoleic acid[35]
generated free radicals . By means of scavenging
these free radicals, antioxidants can suppress
β-carotene bleaching. In the control group, the color
decreased rapidly over time, but decreased much
more slowly in the presence of CDAE and BHT (Figure
2C), indicating that CDAE and BHT possess free
radical scavenging activity. Compared with the control
treatment, CDAE scavenged free radicals and inhibited
lipid peroxidation (40.6% ± 5.2%) significantly better
than Vc (7.9% ± 3.0%).

Statistical analysis

Values are expressed as the mean ± SD and were
analyzed via one-way analysis of variance (ANOVA)
followed by the LSD test and the Dunnett’s test, using
SPSS 18.0 software. Statistical significance was set at
P < 0.05.

Reducing power and FRAP assays: The reducing
power assay indirectly assesses total antioxidant
capacity, while the FRAP assay directly assesses total
antioxidant capacity. The absorbance of CDAE in both
assays increased with increasing concentration, but
did not differ substantially from Vc and BHT (Figure 2D
and E).

RESULTS
UPLC analysis

CDAE was analyzed using UPLC and matched by the
Similarity Evaluation System for Chromatographic
Fingerprint of Traditional Chinese Medicine (Version
2004A). Dictamnine, obacunone, and fraxinellone
are active compounds and quality control markers of
[33]
Cortex Dictamnus . The components were identified
as dictamnine (peak 1), obacunone (peak 2), and
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Antioxidant activity in a linoleic acid system
using the FTC and TBA assays: The FTC and TBA
methods were used to evaluate anti-lipid peroxidation
activity in a linoleic acid system. In the FTC assay, the
absorbance of the control group increased over time
and peaked on day 6 (Figure 2F). BHT showed a high
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Figure 1 Ultra-performance liquid chromatography chromatograms of the standard and a Cortex Dictamni aqueous extract sample. 1: Dictamnine; 2:
Obacunone; 3: Fraxinellone.

capacity to inhibit linoleic acid peroxidation, whereas
CDAE exhibited comparable activity with Vc. In the TBA
assay, the absorbance values obtained for BHT, CDAE,
and Vc were significantly lower than those obtained for
the control (P < 0.01) (Figure 2G). The inhibition rates
of BHT, Vc, and CDAE were 97.6% ± 0.1%, 46.8% ±
2.0%, and 43.3% ± 0.4%, respectively. Thus, CDAE
and Vc exhibited comparable anti-lipid peroxidation
activities.

hepatocytes were restored to some extent. High-dose
CDAE (320 mg/kg) yielded more effective rescue,
almost comparable to the normal control group.
Effect of CDAE on the liver index of rats with CCl4induced liver damage: Hepatic biotransformation
systems and, consequently, drug toxicity measure
[36,37]
ments, display well-known sex differences
.
Therefore, to investigate the hepatoprotective and
antioxidant activity of CDAE, we separated both sexes
of rats during the analysis. Treating normal rats with a
high dose of CDAE (320 mg/kg) did not affect the liver
index in either sex compared with that in the control
group (I) (Figure 4A), indicating that high doses of
CDAE may have no liver toxicity in rats of both sexes.
Compared with the control treatment, after CCl4
administration, the liver index significantly increased
in rats of both sexes (P < 0.05), indicating serious
hepatomegaly that was markedly suppressed by a
high dose of CDAE (320 mg/kg) (P < 0.05), which is
consistent with the liver histopathological observations.

In vivo hepatoprotective and antioxidant activity

Effect of CDAE on histopathological changes in
the liver of rats with CCl4-induced liver damage:
The liver tissues of the control group (I) were normal
(Figure 3A and B). In addition, compared with the
control treatment, after CDAE treatment, no major
abnormalities were found in the liver tissues (320
mg/kg). Liver adhesion (Figure 3A) and hepatomegaly
(Figure 3B) were observed after CCl4 administration,
which were attenuated after CDAE treatment.
Based on the histopathological observations of
the liver sections, the control group exhibited normal
cellular architecture, with distinct hepatocytes and
no histological abnormalities (Figure 3C). However,
CCl4 administration caused hepatocyte fat deposition,
massive fatty changes, hepatocyte necrosis and
swelling, vacuole formation and loss of cellular
boundaries, especially in the centrilobular area.
After CDAE treatment, the histological features of
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Effect of CDAE on hepatic markers in CCl 4induced liver damage in rats: ALT, AST, and ALP
are liver enzyme markers, and elevated levels of these
markers in serum indicate the loss of hepatocyte
structural integrity and liver injury. Similarly, TBIL is
an index of normal hepatic metabolism. As shown in
Figure 4B-E, no marked changes of AST, ALT, ALP, and
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TBIL levels were detected in normal rats of either sex
treated with a high dose of CDAE (320 mg/kg), which
confirmed the safety of CDAE, at least in a dose range
below 320 mg/kg. Compared with their levels in the

WJG|www.wjgnet.com

control group (I), AST, ALT, ALP, and TBIL levels were
significantly increased in male rats in the CCl4 group
(Ⅲ) (P < 0.05 or P < 0.001) and female rats in the
CCl4 group (Ⅲ) (P < 0.05, P < 0.01 or P < 0.001).
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However, CDAE treatment markedly decreased the
CCl4-induced AST, ALT, ALP, and TBIL release into
serum in male rats in a dose-dependent manner,
similar to silymarin treatment. In female rats, the
serum levels of these markers were also significantly
inhibited after CDAE treatment in a dose-dependent
manner. These results indicated a marked protective
effect of CDAE on CCl4-induced liver injury in rats of
both sexes.

lipid peroxidation, SOD activity, CAT activity, GSH-Px
activity, GSH content, and MDA content were measured
in liver homogenates (Figure 5). In male rats, CCl4
treatment significantly decreased SOD activity, CAT
activity, GSH-Px activity, and GSH content (P < 0.05
or P < 0.001) but significantly increased MDA content
(P < 0.05) compared with the normal control group (I).
The middle and high doses of CDAE (160 and 320 mg/
kg) significantly inhibited the CCl4-induced decrease in
SOD activity (P < 0.05), CAT activity (P < 0.05), GSHPx activity (P < 0.05 or P < 0.01), and GSH content
(P < 0.001). Moreover, the high dose of CDAE (320
mg/kg) significantly suppressed the formation of MDA
(P < 0.05) induced by CCl4 treatment. In female rats,

Effect of CDAE on antioxidant markers and
lipid peroxidation production in the liver of rats
with CCl4-induced liver damage: To evaluate the
protective effect of CDAE against oxidative stress and
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Figure 5 Effect of Cortex Dictamni aqueous extract on antioxidant markers and lipid peroxidation in the liver of rats with CCl4-induced liver damage. A:
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CCl4 treatment similarly induced a significant decrease
in SOD activity, CAT activity, GSH-Px activity, and GSH
content (P < 0.001) but induced an increase of MDA
content (P < 0.05), which were markedly inhibited by
CDAE in a dose-dependent manner. Taken together,
CDAE significantly increased enzyme antioxidant
activity and non-enzyme antioxidant content in rats of
both sexes, which contributed to the inhibition of lipid
peroxidation.

mechanisms. To assess the effect of CDAE on Nrf2
regulation, Nrf2 protein levels were measured in
nuclear extracts. First, we investigated potential sex
differences in Nrf2 protein expression. Figure 6A
shows that Nrf2 protein levels were similar in male
and female rats in both the control and CCl4 groups.
Moreover, we examined the protein level of HO-1,
which participates in antioxidant defense mechanisms
and whose expression is mediated by Nrf2. Similar to
Nrf2 protein expression, no significant differences in
HO-1 protein expression were detected between male
and female rats in both the control and CCl4 groups,
consistent with the antioxidant markers (Figure 5).
Based on these results, we further investigated the

Effect of CDAE on Nrf2, HO-1, NQO1, and γ-GCSc
protein expression in CCl4-induced liver damage
in rats: Nrf2 is an essential transcription factor that
contributes to drug detoxification and antioxidant
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effect of CDAE on Nrf2 protein expression and the
related antioxidant proteins.
As shown in Figure 6B, CCl4 treatment increased
relative Nrf2 protein levels in nuclear extracts but with
no significant differences compared with the control
group (I). However, CDAE treatment (160 and 320
mg/kg) significantly enhanced Nrf2 protein expression
by 2.61- and 5.57-fold compared with that in the
CCl4 group (P < 0.01 and P < 0.001). Similarly, CDAE
treatment (160 and 320 mg/kg) significantly increased
the relative HO-1 (P < 0.001 and P < 0.001) and
γ-GCSc (P < 0.01 and P < 0.001) protein expression
compared with that in the CCl4 group (Ⅲ). Relative
NQO1 protein expression significantly increased after
CDAE treatment in a dose-dependent manner (P < 0.01
and P < 0.001). These results indicated that CDAE
protects the liver from CCl4-induced oxidative damage
by regulating Nrf2-mediated antioxidant protein
expression.

especially in the centrilobular area (Figure 7). CDAE
treatment (160 and 320 mg/kg) significantly decreased
the CYP2E1 expression by 0.71- and 0.72-fold
compared with that in the CCl4 group (Ⅲ) (P < 0.01),
indicating that CDAE inhibited CYP2E1 expression and
the subsequent biotransformation of CCl4.

DISCUSSION
Oxidative stress, which induces hepatocyte dys
function, contributes to the pathogenesis of acute
liver diseases. Herbs and their active compounds
with antioxidant activity have attracted considerable
interest as a source for the development of liver[39]
curing drugs . In the present study, the antioxidant
activity of CDAE was investigated by assessing total
antioxidant activity, radical scavenging activity,
and the inhibition of lipid peroxidation in vitro. The
hepatoprotective effects were evaluated in vivo using
CCl4-induced rats.
The DPPH and ABTS free radical scavenging
assays, as well as the β-carotene bleaching assay, are
often used to evaluate the free-radical-scavenging
[40]
activity of pure compounds or crude plant extracts .
The reducing power and FRAP assays are often used
for routine analyses of the total antioxidant activity of

Effect of CDAE on CYP2E1 expression in CCl4induced liver damage in rats: CYP2E1 is one of
the most potent microsome cytochromes to generate
ROS and is a major isozyme for the biotransformation
[7,38]
of CCl4
. Immunohistochemical analysis revealed
increased CYP2E1 expression after CCl4 administration,
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Figure 7 Effect of Cortex Dictamni aqueous extract on CYP2E1 protein expression in CCl4-induced liver damage in rats. The values represent the mean ±
SD. Statistically significant differences are indicated with asterisks. bP < 0.01, vs the CCl4 group. Group Ⅰ: Control; Group Ⅱ: Control + CDAE 320 mg/kg; Group Ⅲ:
CCl4; Group Ⅴ: CCl4 + CDAE 80 mg/kg; Group Ⅵ: CCl4 + CDAE 160 mg/kg; Group Ⅶ: CCl4 + CDAE 320 mg/kg. CDAE: Cortex Dictamni aqueous extract.
[41,42]

[46]

plant extracts
. In our study, CDAE exhibited an
obvious radical scavenging and antioxidant activity in
a dose-dependent manner. Excessive reactive radicals
promote lipid peroxidation, which is considered to be
an important mechanism in the pathogenesis of cell
[43]
damage . Therefore, it is important to investigate
the inhibition of lipid peroxidation in vitro. Linoleic acid,
a polyunsaturated fatty acid, is one of the primary
fatty acids in the membrane that is easily oxidized
[44]
via dehydrogenation . During dehydrogenation, the
formation of linoleic acid radicals in turn initiates lipid
peroxidation. The in vitro linoleic acid test system,
including the FTC and TBA assays, is widely used to
evaluate the inhibition of lipid peroxidation. The FTC
method is widely used to determine the amount of
[45]
peroxide at the initial stage of lipid peroxidation .
During the acid-heat treatment in the FTC method,
lipid peroxides decompose to MDA, which can react
with TBA to produce a red complex that can be
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measured by its absorbance . In the present study,
CDAE inhibited lipid peroxidation even better than
vitamin C. Taken together, the results of the in vitro
antioxidant study indicated that CDAE showed good
antioxidant activity and inhibition of lipid peroxidation,
which may be attributable to its direct function in
scavenging free radicals. Alkaloids, limonoids and
flavonoids isolated from Cortex Dictamni have been
[12,13]
identified as potential antioxidants
. All three types
of compounds were found in CDAE in the present
study, of which the amount of limonoids was 145.868
± 10.72 mg/g extract, indicating that limonoids are the
main component of CDAE and may be the contributing
factor to its good antioxidant activity. However, the
exact chemical components that determine the
antioxidant effect of CDAE require further exploration.
Our in vitro antioxidant study and previous
[15,16]
evidence
suggest that CDAE may exert a protec
tive effect against reactive free radical-induced
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oxidative stress injury. CCl4 is conventionally used
to induce liver toxicity and oxidative stress injury in
vivo, followed by the testing of plant-based drugs
[47]
for their liver protective properties . Although CCl4induced liver damage is rare, the same pathogenic
factors underlying CCl4-induced oxidative stress exist
in other liver diseases, such as virus- and medicineinduced liver injury. In CCl4-induced liver damage, CCl4
primarily accumulates in hepatic parenchymal cells
and is metabolized by the phase I metabolic enzyme
CYP2E1 to produce free radicals, which are capable
of binding to proteins or lipids, and subsequently
initiate oxidative stress injury, lipid peroxidation, and
[5]
the loss of hepatocyte structural integrity , resulting
in hepatocyte necrosis, vacuole formation and loss of
cellular boundaries, especially in the centrilobular area.
Elevated serum ALT, AST, ALP, and TBIL levels are also
[48,49]
indicative of cellular leakage
.
Current evidence reveals that herbal products
may have safety problems and cause liver injury.
To evaluate the safety of CDAE, a previous study
investigated its acute and sub-chronic toxicity, yielding
a median lethal dose of 48.2 g/kg, which is more
than 150-fold higher than the high dosage used in the
[20]
present study . Furthermore, to confirm the safety
of CDAE, the high dose of CDAE was administered
to normal rats in the present study, and the results
showed that normal rats treated with the high dose
of CDAE did not exhibit hepatotoxicity. Consequently,
we further investigated the hepatoprotective effect of
CDAE on CCl4-induced liver injury.
Sex differences have been observed in hepatic
biotransformation systems and, consequently, in
[36,37]
drug toxicity
. To investigate the hepatoprotective
effect of CDAE, we separated male and female rats
in our data analysis. CDAE treatment effectively
protected rats of both sexes against CCl4-induced liver
damage by reducing elevated serum ALT, AST and
ALP activities, as well as liver pathological changes.
Similarly, the stabilization of serum TBIL levels upon
CDAE administration also indicated improvement in
the functional status of the hepatic cells. These results
indicated that CDAE can protect against CCl4-induced
liver damage.
Biological systems protect themselves against the
damaging effects of activated species by several
methods, including free radical scavengers and chain
reaction terminators, such as SOD, CAT, and GSH[50]
Px . SOD catalyses the dismutation of superoxide
anion (▪O-2 ) into O2 and hydrogen peroxide (H2O2),
which can be reduced to H2O by GSH-Px in the cytosol
or by CAT in peroxisomes. SOD, CAT, and GSH-Px are
easily induced by oxidative stress, and the activity levels
of these enzymes have been used to quantify oxidative
[51]
stress in cells . As a non-enzymatic antioxidant, GSH
becomes depleted in response to oxidative stress and
[52]
subsequently enhances the peroxidation process . In
the present study, CDAE markedly elevated SOD, CAT,
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and GSH-Px activity and GSH levels to different
extents in injured livers in CCl4-induced liver-injury rats
of both sexes.
ROS are known to attack polyunsaturated fatty acids
in cell membranes. In CCl4-induced hepatotoxicity, ROS
produced by CCl4 metabolism cause lipid peroxidation
in the cell membrane. MDA is a lipid peroxidation
product that has been used as a biomarker of lipid
[53]
peroxidation . In the present study, CDAE markedly
inhibited the increase in MDA levels to different extents
in CCl4-induced liver-injury rats of both sexes, indicating
that the hepatoprotective effect of CDAE may be
associated with the inhibition of lipid peroxidation, which
is consistent with the in vitro linoleic acid assay.
The centrilobular zone contains abundant CYP2E1,
an enzyme responsible for generating trichloromethyl
peroxy radicals, which trigger hepatocellular damage
by covalent binding. Numerous studies have used CCl4
to induce liver injury because it is mainly metabolized
into highly reactive trichloromethyl free radicals by
[54]
CYP2E1 , which subsequently induces oxidative
stress and liver injury. Our study demonstrated
that CDAE was effective in protecting the liver from
CYP2E1 overexpression. CYP2E1 induction has been
shown to occur via the inhibition of CYP2E1 protein
[55,56]
degradation
, which contributes to CYP2E1
overexpression. Therefore, the mechanism by which
CDAE mediates CYP2E1 protein overexpression merits
further exploration.
Oxidative stress is caused by highly reactive
metabolites and is mediated by the Nrf2 pathway in
CCl4-induced hepatic injury. Nrf2 is a transcription
factor that regulates the expression of antioxidant
phase Ⅱ detoxifying enzymes by activating the
antioxidant-reactive element (ARE). Nrf2 is located in
both the cytoplasm and the nucleus. Only when Nrf2
accumulates in the nucleus after dissociation from Keap
1 in the cytoplasm does it recognize and bind to AREs
[57]
on antioxidant genes , which subsequently increases
the expression of phase Ⅱ detoxifying enzymes,
including HO-1, NQO1, and γ-GCSc. In the present
study, CDAE treatment markedly augmented Nrf2
levels in the nucleus. HO-1 is the rate-limiting enzyme
in the catabolism of heme into billiverdin, which is a
potent antioxidant. NQO1 is a highly inducible enzyme
[58]
with superoxide-scavenging properties . Furthermore,
[59]
γ-GCSc participates in de novo GSH synthesis .
GSH replenishment is followed by the recovery of
cellular redox status, with decreased oxidative stress
in γ-GCSc-overexpressing cells. In the present study,
CDAE treatment augmented HO-1, NQO1, and γ-GCSc
expression levels, indicating that CDAE might protect
against CCl4-induced hepatic injury regulating the
Keap1-Nrf2 antioxidant pathway (Figure 8). The PI3KPKB/Akt-GSK-3 pathway has been shown to regulate
[60,61]
Nrf2
. In particular, Nrf2 is repressed by the
GSK-3/β-TrCP axis. Therefore, further work is required
to identify the regulatory effect of CDAE on factors
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Applications

CCl4

This study suggested that CDAE has a strong antioxidant activity and may be a
potential treatment for hepatic injury.

CYP2E1
CDAE

Peer-review

-

CCl3

The manuscript is very well written. Both abstract and introduction give a
good background for the reader to study the methods used and the results
obtained. The discussion brings the data obtained in context with earlier studies
and presents an excellent analysis of the methods used. The very thorough
discussion leads to a relatively reliable conclusion: CDAE exhibits a marked
antioxidant activity and is effective for the prevention of CCl4-induced hepatic
damage in rats of both sexes.
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Figure 8 Summary of the mechanism underlying Cortex Dictamni aque
ous extract inhibition of CCl 4-induced live damage. CCl4 accumulates
in hepatic parenchymal cells and is metabolized by cytochrome P450 2E1
(CYP2E1) to produce free radicals, including CCl3- and CCl3O2-, which induce
oxidative stress and oxidative injury. CDAE suppresses CCl4 metabolism by
reducing CYP2E1 expression and subsequently inhibiting the production of free
radicals. In addition, CDAE activates nuclear factor E2-related factor (Nrf2)mediated antioxidants, including heme oxygenase-1 (HO-1), NAD(P)H quinine
oxidoreductase 1 (NQO1), and γ-glutamylcysteine synthetase catalytic subunit
(γ-GCSc), which contribute to the scavenging of free radicals. CDAE: Cortex
Dictamni aqueous extract; GSH: Glutathione.
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Abstract
AIM
To observe whether there are differences in the effects
of electro-acupuncture (EA) and moxibustion (Mox) in
rats with visceral hypersensitivity.
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animals used in this study were treated according the “Beijing
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METHODS
EA at 1 mA and 3 mA and Mox at 43 ℃ and 46 ℃ were
applied to the Shangjuxu (ST37, bilateral) acupoints
in model rats with visceral hypersensitivity. Responses
of wide dynamic range neurons in dorsal horns of the
spinal cord were observed through the extracellular
recordings. Mast cells (MC) activity in the colons of
rats were assessed, and 5-hydroxytryptamine (5-HT),
5-hydroxytryptamine 3 receptor (5-HT3R) and 5-HT4R

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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CONCLUSION
The analgesic effects of Mox at 46 ℃ are greater than
those of Mox at 43 ℃, EA 1 mA and EA 3 mA.

brain-gut axis[1-4]. Recently, visceral hypersensitivity
was considered to be one of the specific indicators for
IBS, and it can, to some extent, induce symptoms,
including urgent defecation, flatulence and abdominal
[5]
pain . Studies have shown that acupuncture can
[6-8]
greatly regulate visceral hypersensitivity in IBS , but
the underlying mechanism has not been identified.
Other research has indicated that the stimulation
from acupuncture and moxibustion can converge with
visceral nociceptive afferent impulses in the spinal
[9-11]
cord
. To provide experimental evidence for electroacupuncture (EA) and moxibustion (Mox) in treating
IBS with visceral hypersensitivity, this study attempted
to observe the convergence of afferent impulse
induced by EA with different current intensities and
Mox at varying temperatures in wide dynamic range
(WDR) neurons in the dorsal horns of the spinal cord,
and the subsequent influence on activation of mast
cells and changes in expression of 5-HT, 5-HT3R and
5-HT4R in the colon.

Key words: Electro-acupuncture; Moxibustion; Visceral
hypersensitivity; Analgesic effect; Rats

MATERIALS AND METHODS

expressions in the colons were measured.
RESULTS
Compared with normal control group, responses of
wide dynamic range neurons in the dorsal horn of the
spinal cord were increased in the EA at 1 mA and 3 mA
groups (1 mA: 0.84 ± 0.74 vs 2.73 ± 0.65, P < 0.001;
3 mA: 1.91 ± 1.48 vs 6.44 ± 1.26, P < 0.001) and Mox
at 43 ℃ and 46 ℃ groups (43 ℃: 1.76 ± 0.81 vs 4.14
± 1.83, P = 0.001; 46 ℃: 5.19 ± 2.03 vs 7.91 ± 2.27,
P = 0.01). MC degranulation rates and the expression
of 5-HT, 5-HT3R and 5-HT4R in the colon of Mox 46 ℃
group were decreased compared with model group
(MC degranulation rates: 0.47 ± 0.56 vs 0.28 ± 0.78,
P < 0.001; 5-HT: 1.42 ± 0.65 vs 7.38 ± 1.12, P <
0.001; 5-HT3R: 6.62 ± 0.77 vs 2.86 ± 0.88, P < 0.001;
5-HT4R: 4.62 ± 0.65 vs 2.22 ± 0.97, P < 0.001).

Animals

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Sprague-Dawley (SD) rats (male, Specific Pathogen
Free, 250-300 g) were supplied by the Experimental
Animal Center of the Chinese Academy of Traditional
Chinese Medicine. Animals used in this study were
treated according to Beijing Administration Rule of
Laboratory Animal. All efforts were made to minimize
the number of animals utilized and their suffering.
All animal experiments in this study were performed
under the guidelines approved by the Animal Ethics
Committee of the China Academy of Traditional
Chinese Medicine.

Core tip: Irritable bowel syndrome (IBS) is a common
functional gastrointestinal disorder, and the visceral
hypersensitivity is considered to be one of the most
important factors in its pathogenesis. Both acupuncture
and moxibustion can regulate visceral hypersensitivity
in IBS; however, the underlying mechanisms remain
unclear. The present study is designed to observe
whether there are differences in the effects of electroacupuncture with different current intensities and
moxibustion at varying temperatures on visceral
hypersensitivity and to explore the potential analgesic
mechanisms of these two stimulations.

Visceral hypersensitivity model establishment

An experimental rat model of visceral hypersensitivity
[12]
was established as previously described . On the
second day after the rats were fasted, the experiment
was begun. Rats in the normal group were stimulated
through manual manipulation around the anus, while
rats in the other groups were stimulated by distending
the colorectum (CRD). Daily CRD using an inflatable
balloon (constructed from a latex glove finger, length
4 cm, inflated with air) attached to an intravenous line
connected via a Y connector to a manual pump and
a sphygmomanometer. The balloon was inserted into
the colon while the animal was sedated, and CRD was
induced while animals were fully awake. The distention
was repeated twice daily at a 30-min interval. The rats
were reared until they reached adulthood (at least 6
week old), and behavioral responses to visceral pain
induced by acute CRD were then examined.

Zhao JM, Li L, Chen L, Shi Y, Li YW, Shang HX, Wu LY,
Weng ZJ, Bao CH, Wu HG. Comparison of the analgesic effects
between electro-acupuncture and moxibustion with visceral
hypersensitivity rats in irritable bowel syndrome. World J
Gastroenterol 2017; 23(16): 2928-2939 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i16/2928.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i16.2928

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder characterized by abdominal
discomfort or pain associated with abnormal bowel
movements. The pathogenesis of IBS is complex
and has not been fully elucidated. However, current
data suggest that it is associated with visceral hyper
sensitivity, altered gut motility and dysfunction of the

WJG|www.wjgnet.com

Groups and treatments

Fifty D-IBS rats were randomly assigned to five groups
as follows: (1) EA 1 mA group (n = 10): needles
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Extracellular recordings of WDR neuronal activity

Table 1 Withdrawal reflex scoring criteria

The positions of the recorded sites were as follows:
0.5-1.5 mm lateral to the posterior median fissure
of the spinal cord and 500-1500 μm beneath the
surface of the medulla. During the recording, glass
micropipettes (cusp: 5 μm, impedance: 8-12 MΩ) were
inserted into nuclear groups to target WDR neurons.
Through the micropipettes, single-unit activities
were channeled into an 8301-micropipette amplifier
(MEZ8301, Nihon Kohden) and Power Labdata
collection system (PL4097, AD Instruments, Australia)
for the amplification of cell discharge and signal
management. The standard recording procedures were
as follows: after neuronal discharges were stabilized,
background activity was first recorded for 10 s. After
30 s of EA and Mox stimulation, the background
activity was recorded again for 20 s.
Each acupuncture needle (0.25 mm × 25 mm) was
connected to a HANS-100 pain relieving apparatus with
a stimulation frequency of 2.0 Hz and a stimulation
intensity of 1 mA and 3 mA. Mox stimulation at the
temperatures of 43 ℃ ± 1 ℃ and 46 ℃ ± 1 ℃ were
randomly applied. Both of EA and Mox were applied
to Shangjuxu (ST37, bilateral) acupoints on the same
side of the receptor field.

Score 0 No behavioral response to colorectum
Score 1 Immobile during distension of CR and occasional clicking the
head at onset of the stimulus
Score 2 A mild contraction of abdominal muscles, but no lifting of
abdomen off the plattorm
Score 3 A strong contraction of abdominal muscles and lifting of
abdomen off the platform, no lifting of pelvic structure off the platform
Score 4 Arching body and lifting of pelvic structure and scrotum

(0.22 mm diameter, 13 mm length, Hwato, Suzhou
Medical Appliance Factory, Ltd, Suzhou, China) were
inserted 3-5 mm into the skin at the ST37 (Shangjuxu,
bilateral) acupoints, and each acupuncture needle was
connected to a HANS-100 pain relieving apparatus
(Nanjing Jisheng Medical Science and Technology, Ltd,
Nanjing, China) with a stimulation frequency of 2.0
Hz and a stimulation intensity of 1.0 mA; (2) EA 3 mA
group (n = 10): the treatment was the same as for the
EA 1 mA group with a stimulation intensity of 3 mA; (3)
Mox 43 ℃ group (n = 10): fine moxibustion made for
animal experiments was ignited and placed 20 mm ± 5
mm above the acupoints. A surface thermometer (Testo
905-T2, Testo, Germany) was used to confirm the
temperature (43 ℃ ± 1 ℃); (4) Mox 46 ℃ group (n =
10): the treatment was the same as for the Mox 43 ℃,
with a temperature confirmed to be 46 ℃ ± 1 ℃; and
(5) Model control (MC) group (n = 10): no treatment
was applied, but they were monitored similarly to the
experimental treatment groups. Another ten normal
rats were used for the normal control (NC) group.
The acupoints of bilateral ST37 were selected, and
EA and Mox treatments were each applied for a total
of 10 min, once daily, for seven consecutive days. The
ST37 acupoints of rats are located in the hind legs,
approximately 10 mm below the head of the fibula
at the distolateral aspect of the knee. Positions of rat
acupoints were determined according to Experimental
Acupuncture (Li Z, Chief Editor, Chinese Medicine
Press, 2007).

Abdominal withdrawal reflex scores before and after
treatment

The abdominal withdrawal reflex (AWR) scoring criteria
[12]
are shown in Table 1, using a described procedure .
Rats in the treatment group were fasted beginning
from the afternoon of the previous day. Vaseline was
smeared on the surface of the balloon which was then
slowly inserted into 5 cm of the rat anus according to
the physical curve of the colorectum, and retained for
5 min. The test was initiated when the rats became
adapted. After air was added into the balloon with a
syringe, the rat rectum was stimulated and different
degrees of contraction reactions were observed. The
pressure (mmHg) during behavior responses, scored
as 1, 2, 3, and 4, was recorded and expressed as
the threshold of sensitivity (Table 1). Each score was
tested three times, and each rat was tested by two
persons who had not participated in the research
design. Means were calculated (6 values in total).
Three-minute intervals were used between each of the
two tests to allow for full adaptation of rats.

Animal surgery

After anesthetizing with an intraperitoneal injection
of urethane (10%, 1.0-1.2 g/kg), SD rats were fixed
on the operating table in a prone position. The spinal
cord at L1-L3 was exposed by removing the overlying
musculature along the dorsal midline, and then spinal
clamps were fixed on the vertebral plate. Spinal dura
mater was carefully removed under a microscope to
prevent damage to the medulla. After the surgery, a
groove was sutured with the flap and then covered
with liquid paraffin at 38 ℃ in order to keep the
medulla wet. Following the insertion of micropipettes,
2% agar gel was placed over the surface of the
medulla, not only to prevent the medulla from drying
but also to stabilize the recordings by keeping the
medulla fixed during respiration.

WJG|www.wjgnet.com

Toluidine blue staining assay

Toluidine blue staining was used to stain MCs. First,
de-paraffinization and hydration of 4-μm paraffinembedded sections was achieved by soaking samples
in xylenes Ⅰ and Ⅱ for 20 min each and then
anhydrous graded ethanol was applied (90%, 80%,
and 70% for 5 min each). Toluidine was then added
to the tissue sections and stained for 20 min. Samples
were washed in distilled water for 10 s and 0.5%
acetic acid was added to differentiate color. Slides were
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observed under a light microscope until the cytoplasm
turned purple-red. Samples were dehydrated with
95% ethanol for 1 min and then with anhydrous
ethanol for 1 min two times. Tissues were cleared
twice with xylene for 20 min each. The appropriate
amount of neutral resin was added and sections were
sealed. The sample slides (× 400) and counted MCs
were observed. Cytoplasmic granules were stained
purple-red and nuclei were stained blue. Clear,
smooth, and intact cytoplasmic membranes with clear
indicated stable MCs. Broken cytoplasmic membranes
with purple-red granules around cells indicated
degranulated MCs. MCs were counted in three nonoverlapping random views and means were obtained
for total and degranulated MCs. Degranulation rates
were calculated as follows: degranulation rate (%) =
degranulated MC count/total MC count × 100%.

ANOVA testing. Non-normal data were compared using
a non-parametric test. All two-sided P values < 0.05
were considered statistically significant.

RESULTS
Effects of EA with different current intensities on the
activation of WDR neurons in the dorsal horn of the
spinal cord

Ten WDR neurons were recorded in the dorsal horn of
the spinal cord for 11 control rats and 12 model rats,
and the effects of EA with different current intensities
on the WDR neurons were observed. It was found
that the background activities of these neurons were
activated by EA. Within the range of 1 mA and 3
mA, the degree of neuronal activation was increased
concurrently with the increase in current intensity.
When EA with 1 mA was applied, the degree of
activation in the WDR neurons of normal rats was 0.84
± 0.74 spikes/s, while that of model rats increased
to 2.73 ± 0.65 spikes/s. There were statistically
significant differences between the two groups of rats
(P < 0.001). When the intensity increased to 3 mA,
the degree of activation in the WDR neurons of normal
rats was 1.91 ± 1.48 spikes/s, while that of model rats
increased to 6.44 ± 1.26 spikes/s. There were also
statistically significant differences between the two
groups (P < 0.001). It is evident that EA with different
intensities on ST37 acupoints has increased activation
effects on WDR neurons in the dorsal horn of the
spinal cord in model rats with visceral hypersensitivity,
compared to normal rats (Figure 1).

Immunohistochemical assay

The expressions of 5-HT, 5-HT3R and 5-HT4R in
the colonic tissue of D-IBS rats was detected by
immunohistochemical (IHC) staining. The sections
were exposed to 0.01 mol/L citrate buffer (pH 6.0),
microwaved at 30% power for 20 min for heat
fixation, and then cooled to room temperature. The
sections were washed 3 times with phosphate buffered
saline (PBS) for 3 min and exposed to 0.3% H2O2 for
20 min at room temperature to inhibit endogenous
peroxidases. Following a final PBS wash (3 min ×
3 min), the samples were exposed to 20% normal
goat serum and incubated for 30 min. Antibodies
were added drop-wise (5-HT 1:100, 5-HT3R 1:50,
5-HT4R 1:80, Santa Cruz, CA, United States), and the
sections were incubated at 37 ℃ for 2 h. The sections
were washed with PBS 3 times for 3 min, incubated
in horseradish peroxidase/rabbit reagent at 37 ℃
for 30 min, and PBS washed 3 times for 3 min. The
sections were then incubated in 3,3-diaminobenzidine
(DAB) chromogenic reagent for 8-12 min and dyed
with hematoxylin lining and blue in the presence
of hot water. After drying, the sections were sealed
with neutral gum for further observation under a
light microscope. A semi-quantitative analysis of the
staining was performed using the medical image
quantitative analysis system (MIQAS, Shanghai Qiuwei
Biomedical Technology Co., Shanghai, China). Positive
results were indicated by the presence of brown or
tan particles in the stained colonic tissue cells. In
each slice, three positive areas were counted and
assessed for optical density (OD) in a high power field
to calculate an IHC positive index (positive area × OD/
total area) for 5-HT, 5-HT3R and 5-HT4R.

Effects of Mox at different temperatures on the
activation of WDR neurons in the dorsal horn of the
spinal cord

Ten WDR neurons in the dorsal horn of the spinal cords
of 11 normal rats and 13 model rats were recorded,
respectively, and the effects of Mox at different
temperatures on the WDR neurons were observed. The
background activities of these neurons were activated
by Mox. At a range of 43 ℃ -  46 ℃, the degree of
neuronal activation was increased concurrently with
the increase in temperature. When Mox at 43 ℃ was
applied, the degree of activation in the WDR neurons
of normal rats was 1.76 ± 0.81 spikes/s, while that of
model rats increased to 4.14 ± 1.83 spikes/s. There
were statistically differences between the two groups
(P = 0.001). When the temperature increased to 46 ℃,
the degree of activation in the WDR neurons of normal
rats was 5.19 ± 2.03 spikes/s, while that of model
rats increased to 7.91 ± 2.27 spikes/s. There were
also statistically differences between the two groups
(P = 0.01). It is evident that Mox applied at different
temperatures to ST37 acupoints has increased activation
effects on WDR neurons in the dorsal horn of the spinal
cord in model rats with visceral hypersensitivity, as
compared with normal rats (Figure 2).

Statistical analysis

All statistical analyses were performed using SPSS
19.0 (SPSS Inc. Chicago, IL, United States). AWR
scores for rats are presented as interquartile ranges.
Differences in means were compared by one-way
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group at 20mmHg, 40 mmHg and 80 mmHg were not
significantly different from the NC group (20 mmHg: P
= 0.265, 40 mmHg: P = 0.107, 80 mmHg: P = 0.063),
whereas AWR scores of the EA 3mA group at 60
mmHg were different from the NC group (60 mmHg:
P = 0.016). These data indicated that Mox at 46 ℃
and EA at 1 mA treatments were able to decrease
visceral hypersensitivity or increase the pain threshold
significantly, and they were superior to the EA 3 mA
group (Figure 3).

IBS

Figure 1 Effects of electro-acupuncture with different current intensities
on the activation of wide dynamic range neurons in the dorsal horn of the
spinal cord. bP < 0.01, vs the NC group; dP < 0.01, vs EA 1 mA group. IBS:
Irritable bowel syndrome.

Compared with the NC group, the MC counts in the
colon were significantly increased in the Mox at 43 ℃
and 46 ℃ groups, and EA at 1 mA and 3 mA groups
(PMox43 ℃ < 0.001, PMox46 ℃ < 0.001, PAcu1mA = 0.007,
PAcu3mA < 0.001). The MC degranulation rates in the
colon were also significantly increased in the Mox at
43 ℃ and Mox at 46 ℃ and EA at 1 mA and 3 mA
groups compared with the NC group (P < 0.001).
Compared with the MC group, the MC degranulation
rates in the colon were significantly decreased in
the Mox at 46 ℃ group (P < 0.001), and there were
differences in MC degranulation rates between the Mox
at 46 ℃ group and the Mox at 43 ℃ group (P = 0.005)
(Figures 4 and 5).

10 s
43 ℃

a

46 ℃

b
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c

d
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0

0

Figure 3 Abdominal withdrawal reflex scores comparison. bP < 0.01, vs the
MC group; cP < 0.05, dP < 0.01, vs the NC group.
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Figure 2 Effects of moxibustion with different temperatures on the
activation of wide dynamic range neurons in the dorsal horn of the spinal
cord. aP < 0.05, bP < 0.01, vs the NC group; cP < 0.05, dP < 0.01, vs Mox 43 ℃
group. Mox: Moxibustion.

5-HT expression in colon

Compared with the MC group, 5-HT expressions in the
colon were significantly decreased in the NC group,
the Mox at 43 ℃ and 46 ℃ groups and the EA at 1 mA,
3 mA groups (P < 0.001), and the expressions in the
Mox at 43 ℃ and 46 ℃ groups were significantly lower
than in the EA at 1 mA, 3 mA groups (PMox43 ℃ vs Acu1mA =
0.007, PMox43 ℃ vs Acu3mA = 0.014, PMox46 ℃ vs Acu1mA < 0.001,
PMox46 ℃ vs Acu3mA < 0.001). 5-HT expression in the colon
was not significantly different between the Mox 46 ℃
group and the NC group (P = 0.332) (Figures 6 and 7).

AWR scores comparisons

AWR scores of the Mox at 43 ℃, Mox at 46 ℃, EA 1 mA
groups and the EA 3 mA group were all significantly
different from the model group at CRD pressure of
20, 40, 60, and 80 mmHg (P < 0.01). AWR scores of
the NC group were not significantly different from the
Mox at 43 ℃, Mox at 46 ℃ and EA 1mA groups at CRD
pressure of 20, 40, 60, and 80 mmHg (20 mmHg:
PMox43 ℃ = 0.265, PMox46 ℃ = 0.265, PAcu1mA = 0.097; 40
mmHg: PMox43 ℃ = 0.693, PMox46 ℃ = 0.401, PAcu1mA =
0.416; 60 mmHg: PMox43 ℃ = 0.119, PMox46 ℃ = 0.262,
PAcu1mA = 0.069; 80 mmHg: PMox43 ℃ = 0.063, PMox46 ℃ =
1.000, PAcu1mA = 0.170). AWR scores of the EA 3 mA
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5-HT3R expression in colon

Compared with the MC group, 5-HT3R expressions in
the colon were significantly decreased in the NC group,
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Figure 4 Change of mast cells activity in the colon. A: Number of mast cells in colonic mucosa, aP < 0.05, bP < 0.01, vs the MC group; cP < 0.05, dP < 0.01, vs the
NC group; B: Mast cells degranulation(%) in colonic mucosa. bP < 0.01, vs the MC group; dP < 0.01 vs the NC group; eP < 0.05, fP < 0.01, vs the Mox 46 ℃ group.
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Figure 5 Change of mast cells activity in the colon (black arrows indicate mast cells, red arrows indicate mast cell degranulation). A: Normal control group; B:
Model control group; C: Mox at 43 ℃ group; D: Mox at 46 ℃ group; E: EA at 1 mA group; F: EA at 3 mA group.
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and function of acupoints can change with the visceral
[18]
functions , and in pathological conditions, the
function of an acupoint area in reflecting and treating
disease can be greatly enhanced to reach the status
[19]
of acupoints area sensitization . Visceralgia and
sensitization interact with each other. Therefore, the
dorsal horn of the spinal cord is the key to regulation
of visceral hypersensitivity. The function of acupoints
is not only related to the sensitization in the condition
of visceral hyperalgesia, but is also associated with
the convergence of body surface afferent and visceral
nociceptive afferents in the spinal cord or supraspinal
[20]
cord . Acupuncture and moxibustion transmit signals
through the activation of receptors in acupoint areas
or through bioactive substances, and the stimulation
of acupuncture in the body surface can converge
with visceral nociceptive stimuli in the spinal cord to
regulate the body functions.
Our study found that while stimulating ST37 in
model rats with visceral hypersensitivity, with the
increase of EA intensities from 1 mA to 3 mA and Mox
temperature from 43 ℃ to 46 ℃, the activation reaction
of WDR neurons in the dorsal horn of the spinal cord
was increased. Meanwhile, the intestinal pain threshold
of model rats with visceral hypersensitivity was
markedly inhibited. The abnormal activation of mast
cells that induce gut motility and secretion in the colon
and abnormal expression of 5-HT, 5-HT3R and 5-HT4R
were also significantly inhibited. This indicates that
the analgesic effects of EA and/or Mox on the target
tissues of model rats with visceral hypersensitivity not
only have a positive correlation with their intensities,
but are also associated with the fact that WDR neurons
can converge and integrate the stimulation induced
by EA and Mox. It has been reported that needling
the acupoints near the pain spot or the adjacent
vertebrae would achieve better analgesic effects[21].
Furthermore, the analgesic effects were achieved
when Aδ fibers were activated, and they became
[22]
stronger when type-C fibers were activated . In this
study, ST37 was selected as the location for EA and
Mox application, and ST37 was located in the receptive
field of WDR neurons that involved convergence and
[23]
integration of visceral nociceptive afferent impulses .
We applied EA with 1 mA and 3 mA intensities, and
Mox at 43 ℃ and 46 ℃, to ST37 of normal rats and
model rats respectively. It was found that EA with 3
mA and Mox at 46 ℃ can achieve more significant
activation of WDR neurons in the dorsal horn of the
spinal cord. Stimulation with low intensities, such as 1
mA EA and 43 ℃ Mox, can only activate type A neural
fibers, whereas stimulation with high intensities, such
as 3 mA EA and 46 ℃ Mox, can also activate type C
fibers, thereby inducing greater analgesic effects.
Abnormal activation of mass cells in the colon is
one of the main pathological characteristics of visceral
hypersensitivity (including gut motility, abnormal
[24,25]
secretion and visceral pain)
. In this study, the
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Figure 6 5-HT expression in the colon. bP < 0.01, vs the MC group; cP < 0.05,
d
P < 0.01, vs the NC group; eP < 0.01, vs the Mox at 46 ℃ group.

the Mox at 43 ℃ and 46 ℃ groups and the EA at 3 mA
group (PNC < 0.001, PMox43 ℃ < 0.001, PMox46 ℃ < 0.001,
PAcu3mA = 0.008), and the expressions in the Mox at
43 ℃ and 46 ℃ groups were significantly reduced
compared to the EA at 1 mA and 3 mA groups (PMox43 ℃
vs Acu1mA < 0.001, PMox43 ℃ vs Acu3mA = 0.002, PMox46 ℃ vs Acu1mA
< 0.001, PMox46 ℃ vs Acu3mA < 0.001)(Figures 8 and 9).

5-HT4R expression in colon

Compared with the MC group, 5-HT4R expressions
in the colon were significantly decreased in the NC
group, the Mox at 43 ℃ and 46 ℃ groups and the EA
at 1 mA and 3 mA groups (PMox43 ℃ < 0.001, PMox46 ℃
< 0.001, PAcu1mA = 0.003, PAcu3mA < 0.001). 5-HT4R
expressions in the colon were not significantly different
between the NC group and the Mox at 43 ℃ and 46 ℃
groups and the EA at 3 mA group (PMox43 ℃ = 0.184,
PMox46 ℃ = 0.448, PAcu3mA = 0.178), whereas there was a
statistically significant between the NC group and EA 1
mA group (PAcu1mA = 0.025)(Figures 10 and 11).

DISCUSSION
Studies have proven that acupuncture and moxi
[13,14]
bustion have analgesic effects
. Receptors in
skin or muscles are activated by the mechanical
stimulation of acupuncture and the heat stimulation
of moxibustion, which affects nervous system and
the biological activity of tissues and cells to relieve
[15,16]
pains
. With the help of the supraspinal cord,
afferent impulses induced by acupuncture and
moxibustion can transmit along peripheral A or C
fibers to the dorsal horn of the spinal cord, where
they will converge and interact with the visceral
nociceptive afferent impulse. Therefore, acupuncture
and moxibustion can inhibit the response of neurons in
the dorsal horn of the spinal cord activated by visceral
nociceptive afferent impulses[11,17]. Afferent impulses of
organs or deep tissues can sensitize related segmental
neurons, which makes the impulse responses from
the body surface more intense. Meanwhile, the size
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Figure 7 5-hydroxytryptamine expression in the colon (white arrows indicate positive expression of 5-hydroxytryptamine). A: Normal control group; B: Model
control group; C: Mox at 43 ℃ group; D: Mox at 46 ℃ group; E: EA at 1 mA group; F: EA at 3 mA group.

MC counts and degranulation rates in the colons of
all model rats (model group, 1 mA EA group, 3 mA
EA group, 43 ℃ Mox group, 46 ℃ Mox group) were
greatly increased compared with those of normal rats,
which indicates that with visceral hypersensitivity, the
counts of MCs in the colon are not only significantly
increased, but also present abnormal activation
(degranulation). Furthermore, degranulated MCs may
release large quantities of active substances, such as
histamine and 5-HT. According to several studies, as
an important agent of regulating the brain-gut axis
and the intestinal neural system, 5-HT can regulate
[26]
visceral perception and visceral neural reflex . The
activation of 5-HT3R can induce cellular the pathways
for non-specific positive ion movement, allowing the
+
2+
+
entry of Na and Ca and the presence of K . These
pathways of positive ion movement can depolarize
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Figure 8 5-hydroxytryptamine 3 receptor expression in the colon. bP < 0.01,
vs the MC group; cP < 0.05, dP < 0.01, vs the NC group; eP < 0.05, fP < 0.01, vs
the Mox at 46 ℃ group.
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Figure 9 5-hydroxytryptamine 3 receptor expression in the colon (white arrows indicate positive expression of 5-hydroxytryptamine 3 receptor). A: Normal
control group; B: Model control group; C: Mox at 43 ℃ group; D: Mox at 46 ℃ group; E: EA at 1 mA group; F: EA at 3 mA group.

postsynaptic neurons, transmit signals around
and induce the release of excitatory or inhibitory
neurotransmitters. In this way, smooth muscles may
[27]
be contracted and relaxed abnormally . In addition,
5-HT can influence gastrointestinal mobility through
5-HT4R, as activated 5-HT4R can play an active role
in regulating gut mobility and visceral hyperalgesia
through the induction of a release of acetylcholine or
[28,29]
neurotransmitters for P motor nerves
.
In our study, we observed that after applying
EA with different intensities and Mox at varying
temperatures, degranulation rate of MC in the colons
of rats with visceral hypersensitivity was reduced in
varying degrees, which demonstrates that EA and
Mox, especially the Mox at 46 ℃, have an inhibitory
function towards the abnormally activated MCs in

6
c

5-HT4R IHC index (%)

b,d
4

b

b
b
b

2

0

Mox 43 ℃ Mox 46 ℃ EA 1 mA

EA 3 mA

  Model

Normal

Figure 10 5-hydroxytryptamine 4 receptor expression in the colon. bP < 0.01,
vs the MC group; cP < 0.05, dP < 0.01, vs NC group.
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A

Normal

B

Model

C

Mox 43 ℃

D

Mox 46 ℃

E

EA 1 mA

F

EA 3 mA

Figure 11 5-hydroxytryptamine 4 receptor expression in the colon (white arrows indicate positive expression of 5-hydroxytryptamine 4 receptor). A: Normal
control group; B: Model control group; C: Mox at 43 ℃ group; D: Mox at 46 ℃ group; E: EA at 1 mA group; F: EA at 3 mA group.

stimulations, Mox at 46 ℃ has the best analgesic
effects. Additionally, we also found that the analgesic
effects were achieved by EA and Mox through WDR
neurons of the spinal cord, which may affect the
abnormal MC activation and high expression of 5-HT,
5-HT3R and 5-HT4R by converging and integrating the
visceral nociceptive afferent impulse with stimulation
induced by EA and Mox at the ST37 acupoints. These
results may reveal one of the mechanisms of analgesic
effects of acupuncture in treating IBS with visceral
hypersensitivity.
There are differences between stimulation by EA
with different current intensities and Mox at different
temperatures in the relief of visceral hypersensitivity.
The analgesic effects of Mox at 46 ℃ are much greater
than those of Mox at 43 ℃, EA at 1 mA and EA at 3
mA. A potential mechanism is that WDR neurons from
the dorsal horn of the spinal cord may converge and
integrate the stimulation induced by EA and Mox in

areas with visceral hypersensitivity. At the same time,
it was also found that the expression levels of 5-HT,
5-HT3R and 5-HT4R in model rats were much higher
than those in normal group, as were the AWR scores.
After stimulation of EA with 1 mA and 3 mA and Mox
at 43 ℃ and 46 ℃ was performed, compared to the
model group, the expression of 5-HT, 5-HT3R and
5-HT4R was decreased to varying degrees. Mox was
more effective than EA in reducing the expression.
Meanwhile, AWR scores for all treatment groups
(especially the Mox at 46 ℃) were decreased markedly
compared with the model group. These results indicate
that in colons of rats with visceral hypersensitivity,
MCs are activated abnormally and 5-HT, 5-HT3R and
5-HT4R have increased expression. Stimulating ST37
with EA with different intensities and Mox at varying
temperatures can activate the WDR neurons in the
dorsal horn of the spinal cord, thus relieving pains
in the target organs (colons). Among four different
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the segmental receptor field with visceral nociceptive
afferent impulses and then influence the MC activation
reaction of the colon and the high expression of 5-HT,
5-HT3R and 5-HT4R.
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Abstract
AIM
To investigate the effects of nesfatin-1 on gastric
function in obese rats.
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METHODS
The obese rat model was induced by a high-fat diet.
The gastric emptying rate and gastric acid secretory
capacity of the rats were determined after treatment
with different drug concentrations of nesfatin-1 and
administration routes. Based on this, the expression
of H+/K+-ATPase was measured using RT-PCR and
western blot to preliminarily explore the mechanism of
gastric acid secretion changes.

Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Body weight, body length, and Lee’s index of the
rats significantly increased in the high-fat dietinduced obese rat model. Two hours after lateral
intracerebroventricular injection of nesfatin-1, the
gastric emptying rate and gastric acid secretory
capacity of rats decreased. Four hours after injection,
both were restored to normal levels. In addition, the
expression of H+/K+-ATPase decreased and moved in
line with changes in gastric acid secretory capacity. This
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in vivo experiment revealed that intracerebroventricular

lateral intracerebroventricular injection of nesfatin-1
[19]
can reduce the gastrointestinal mobility of rats .
However, the clinical use of nesfatin-1 is limited, since
it remains unknown whether the routes of nesfatin-1
administration influence gastric emptying, as well
as how and when this would affect gastric functions.
The present study therefore focuses on the effects of
drug administration routes and drug concentration on
gastric functions, as well as the potential mechanisms,
in order to provide a preliminary theoretical basis for
further studies for determining how nesfatin-1 acts and
the development of possible drugs for the treatment of
obesity.

injection of nesfatin-1, rather than intravenous
injection, could suppress gastric function in obese rats.
Moreover, its effect on the gastric emptying and gastric
acid secretory capacity of rats is dose-dependent within
a certain period of time.
CONCLUSION
Through this research, we provide a theoretical basis
for further studies on nesfatin-1, a potential antiobesity drug.
Key words: Obesity; Nesfatin-1; H+/K+-ATPase
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Materials

Core tip: The high-fat diet-induced obese rat model
was used to study the effects of nesfatin-1 on gastric
function. We found that intracerebroventricular injection
of nesfatin-1, rather than intravenous injection,
could suppress gastric function in a dose-dependent
manner within a certain period of time. In addition, the
+
+
expression of H /K ATPase was down-regulated, which
may explain the mechanisms of gastric acid secretion
changes.

Healthy and weaned Sprague Dawley (SD) rats
weighing 50 g were provided by the experimental
animal center of Anhui Medical University (Permit
number: SYXK (e) 2012-002). Animals were housed in
a controlled environment in collective cages (five rats
in each cage) at 23 ± 2 ℃ with a 12-h light/dark cycle.
Rats were allowed to acclimate to these conditions for
a week before being randomized into experimental
groups. Phenol red was purchased from Tiangen
Biotech (Beijing). To produce methylcellulose-phenol
red solution (100 mL, 50 mg/dL), 5 mg of phenol red
was dissolved in 1.5% methylcellulose. Anti-nesfatin-1
polyclonal antibody (H-003-22) was obtained from
American Phoenix Pharmaceuticals (United States),
rabbit anti-rat histone polyclonal antibody (ab125260)
was purchased from Abcam (United States), and
+
+
rabbit anti-rat H /K ATPase subunit-β antibody and
+
+
rabbit anti-rat H /K ATPase subunit-αantibody were
obtained from Merk (Germany). These experiments
were approved by the institute, and all efforts were
made to minimize animal suffering.

Yang GT, Zhao HY, Kong Y, Sun NN, Dong AQ. Study of the
effects of nesfatin-1 on gastric function in obese rats. World J
Gastroenterol 2017; 23(16): 2940-2947 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i16/2940.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i16.2940

INTRODUCTION
Obesity is a global public health priority. With the
improvement of people’s standard of living, the
number of obese Chinese has grown to an annual
[1-4]
rate of 38.1% over the past several years . It is
therefore vital to carry out studies on mechanisms
linked to obesity. Nesfatin-1, an anorectic peptide first
discovered in 2006, has been proven as an inhibitor
[5-8]
of food intake
. Nesfatin-1 can be expressed
in peripheral organs, such as the gastrointestinal
tract, and plays a role in the regulation of many
physiological processes, such as carbohydrate
[9-13]
metabolism, immunity, and the digestive tract
.
Studies have shown that nesfatin-1 mRNA, together
with ghrelin somatostatin and histidine decarboxylase,
regulate gastric acid secretion and are co-expressed
in oxyntic glands in the fundus of the stomach;
this means that nesfatin-1 may be also involved
[14-16]
in gastric acid secretion
. In vitro studies have
shown that nesfatin-1 can inhibit the expression of
+
+
H /K ATPase to block gastric acid secretion induced
by histamine, as oxyntic cells of the glands secrete
[17,18]
gastric acid
. Researchers have also found that

WJG|www.wjgnet.com

Methods

Animals: After an adjustable feeding period of one
week, 155 rats were randomly assigned into two
groups: the control group (five normal rats) and the
high-fat diet group (300 obese rats). In the control
group, rats were fed with basic forage. In the highfat diet group, rats were fed with high-fat forage (15
g of lard, 50 g of egg yolk, 15 g of whole milk, and 10
drops of concentrated cod liver oil were added into per
100 g basic forage). In order to assess the feasibility
of the obese rat model, body length and body weight
changes of the rats were recorded. Lee’s index and
serum triglyceride levels were calculated after feeding
for six weeks.
Implantation of the cannula into the lateral
ventricle: Each rat was anesthetized using 7%
chloral hydrate (0.5 mL/100 g) by intraperitoneal
injection. The fur on the head was then shaved, with
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Real-time polymerase chain reaction: Gastric
mucosal tissues measuring 20 mg were randomly
obtained from different parts. Total RNA was extracted
using TRIZOL reagent and converted into cDNAs by
reverse transcription. With β-actin as the internal
control gene, target gene fragments were amplified
by real-time polymerase chain reaction (PCR). RTPCR products measuring 5 μL were subjected to 2%
agarose gel electrophoresis. The absorbance of the
target gene strands was detected. The relative mRNA
+
+
expression level of H /K -ATP was determined as the
ratio of the absorbance of the target gene to that of
β-actin.
+
+
The real-time PCR primers are as follows: H /K ATPase, 5’-CTCTGCTTTGCGGGACTT-3’ (forward)
and 5’-CCTTGGCTGTGATGGGAT-3’(reverse); β-actin,
5’-AGCTGAGAGGGAAATCGTGCG-3’ (forward) and
5’-GTGCCACCAGACAGCACTGTG-3’ (reverse).

each rat being subsequently placed on the stereotaxic
apparatus. According to the Paxinos-Watson rat brain
stereotaxic coordinates, an incision was made into
the skin above the animal’s skull, with a hole then
being drilled into the skull. A thin catheter was slowly
inserted into the right-cerebral ventricle and fixed with
[20,21]
bone cement
. After surgery, each rat was fed
separately and provided with 15000 units of penicillin
to avoid infection. Follow-up experiments were carried
out after they were fed normally for one week, when
the stress reaction was reduced.
Experimental grouping: The 300 obese rats that
had a cannula placed in the right lateral-cerebral
ventricle were further randomly assigned into two
groups: the intracerebroventricular injection group and
the intravenous injection group. The treatment dose
was as follows: intracerebroventricular injection group,
0 μg/5 μL of nesfatin-1, 0.5 μg/5 μL of nesfatin-1, and
1.0 μg/5 μL of nesfatin-1; intravenous injection group,
0 μg/5 μL of nesfatin-1, 0.5 μg/5 μL of nesfatin-1, and
1.0 μg/5 μL of nesfatin-1. Each group was comprised
of 150 rats. Gastrointestinal mobility and gastric acid
secretion in the rats were measured at 1, 2, 3, and 4 h
after drug administration.

Western blot: Gastric mucosal tissues measuring 20
mg were randomly obtained from different parts and
total proteins were extracted from the samples. Protein
concentrations were detected using the BCA method.
Protein extracts containing the same quality were
subjected to SDS-PAGE using 12% polyacrylamide
gel, followed by western blotting. Each membrane
was blocked in 5% skim milk for 2 h at room
temperature. The membrane was then incubated for
+
+
one hour at room temperature with anti-H /K -ATPase
antibody. After washing with phosphate-buffered
saline/tween three times for five minutes each time,
each membrane was incubated with a corresponding
secondary fluorescein-labeled antibody for one hour
at room temperature. The bands were then visualized
and imaged using the Odyssey infrared imaging
system (LI-COR, Germany).

Determination of gastrointestinal mobility: Rats
received intragastric administration of 2 mL of phenol
red. After 20 min, the rats were anesthetized using
diethyl ether and sacrificed. The stomach was then
cut along the greater curvature, washed with distilled
water to collect the stomach contents, and diluted with
water to 20 mL. Next, 20 mL of 0.5 mol/L of NaOH
was added into the suspension before standing for 0.5
h at room temperature. Then, 0.5 mL of trichloroacetic
acid (200 g/L) was added into 2.5 mL of the
supernatant to remove the proteins. The mixture was
centrifuged at 3500 rpm for 10 min. The absorbance
of the supernatant was measured at 560 mL. Gastric
emptying rate was determined using the following
formula: gastric emptying rate = (1- measured phenol
red absorbance/ standard phenol red absorbance) ×
[22]
100% .

Statistical analysis

Statistical analysis was performed using SPSS Statistics
version 20. Data were expressed as means ± SD.
Comparisons of categorical variables were carried out
using one-way ANOVA. Dunnett’s t-test was employed
to further analyze the differences between groups. P <
0.05 was considered statistically significant.

Determination of gastric acid secretion: The
principle of acid-base titrations was applied to
determine gastric acid secretion. As previously
described, gastric juice was collected from the stomach
of rats. Then, 0.5 mL of gastric acid was pipetted into
a clean beaker containing 2 mL of distilled water. Two
drops of phenolphthalein was added, swirled gently to
mix well, titrated by slowly adding the NaOH solution
(0.5 mol/L), and then swirled in the beaker. Titration
ended when the solution turned a faint and persistent
color. The volume of NaOH dispensed was recorded
in the following manner: volume of gastric acid
secretion= (C [NaOH] ×V [NaOH] ×V [gastric juice]
/0.5 mL).

WJG|www.wjgnet.com

RESULTS
Establishment of the obese rat model

As shown in Table 1, the body weight, body length,
Lee’s index, and triglyceride level of the rats were
much higher in the high-fat diet group than in the
control group; the differences were considered
statistically significant (P < 0.05).

Changes in gastric acid secretion and gastrointestinal
mobility

Changes in gastric acid secretion and gastrointestinal
mobility are shown in Figures 1 and 2. The gastric
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A

Table 1 High-fat diet-induced obese rat model
Body weight Body length
(g)
(cm)

Lee’s index

Triglyceride
(mmol/L)

Control
(n = 5)
High-fat diet
(n = 40)
t
P

329.76 ± 65.23

19.8 ± 0.8

335.59 ± 12.87

1.22 ± 0.24

410 ± 53.34

21.02 ± 1.0

357.40 ± 13.98

1.56 ± 0.26

-2.616
0.012

-3.125
0.002

-2.776
0.008

-3.101
0.003
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Figure 2 Changes in gastric emptying function in rats. A: intracere
broventricular infusion; B: intravenous injection. Rats were randomly assigned
into 30 groups based on drug dosage and representative time points after
administration. In each group, every 15 rats were intracerebroventricularly
injected, while 15 rats were intravenously injected. X axis: drug dosage; Y
axis: time points after drug administration; Z axis: gastric emptying function,
which was presented as the height of the histogram with its corresponding
color (capacity: black < blue < light blue < yellow < red < gray). As shown in
Figure 2B, the gastric emptying rate of rats in the 1.0 μg/5 μL nesfatin-1 group
reached 46.69% two hours after intravenous injection. This was much lower
than in rats at zero-hour after intravenous injection (62.84%). The difference
was statistically significant (P = 0.024). The differences were not statistically
significant, cP < 0.001, bP < 0.05; NS: No significant difference.
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Figure 1 Changes in gastric acid secretion in rats. A: Intracerebroventricular
injection; B: Intravenous injection. Rats were randomly assigned into 30 groups
based on drug dosage and representative time points after administration.
In each group, 15 rats were intracerebroventricularly injected with the drug,
while the remaining 15 rats were intravenously injected with the drug. X axis:
drug dosage; Y axis: time points after drug administration; Z axis: gastric acid
secretory capacity, which was presented as the height of the histogram with
its corresponding color (capacity: black < white < yellow < orange < gray). As
shown in Figure 1B, the gastric acid secretion level of rats in the 1.0 μg/5 μL
nesfatin-1 group reached 358.85 μmoL two hours after intravenous injection.
This level was much lower than that in rats at zero-hour after intravenous
injection (618.27 μmoL). The difference was statistically significant (P = 0.000).
c
P < 0.001, bP < 0.05; NS: No significant difference.

did not significantly change at each drug dosage and
time point; each group was presented as a gray value
histogram (Figure 1A and Figure 2A). However, the
intracerebroventricular administration of nesfatin-1
induced a great difference in the gastric acid secretion
of rats. While the gastric acid secretion level did not
significantly change at any of the time points after the
administration of nesfatin-1 at a dose of 0 μg/5 μL, the
secretion levels of rats injected with nesfatin-1 at a
dose of 0.5 μg/5 μL and 1.0 μg/5 μL initially decreased,
returned to normal levels, and then returned to the
lowest level two hours after administration (see black

acid secretory capacity and gastrointestinal mobility of
rats that received nesfatin-1 by intravenous injection
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Figure 3 mRNA expression of H+/K+-ATPase. A: A typical RT-PCR result; B:
The mRNA expression of H+/K+-ATPase in different groups. cP < 0.001, bP < 0.05;
NS: No significant difference.

Figure 4 Protein expression of H+/K+-ATPase. A: A typical of western-blot
result; B: The protein expression of H+/K+-ATPase in different groups. cP < 0.001,
b
P < 0.05; NS: No significant difference.

and white value histogram in Figure 1B). Changes in
gastric emptying revealed similarities, as it reached
its lowest level two hours after administration
before returning to normal levels four hours after
administration (Figure 2B).

status, with a person’s dietary behavior being tightly
[28-30]
controlled by neural and humoral factors
. In
2006, Japanese scholars found a peptide involved in
the regulation of energy homeostasis, as well as in
food and water intake, with said peptide being able
to regulate feeding behavior via the neuro humoral
[31-34]
system
. This current study systematically studied
the effects of drug-delivery methods and drug
concentration on gastric functions, as well as the
molecular mechanisms involved in changes in gastric
acid secretory capacity. This research may provide
a preliminary theoretical basis for the design of antiobesity drugs.

Changes in H+/K+-ATPase expression level in the gastric
mucosa

In order to further investigate the potential me
chanism of gastric acid secretion induced by
intracerebroventricularly administered nesfatin-1,
gastric mucosal tissues that receiving 1.0 μg/5 μL
of nesfatin-1 were obtained to study the expression
+
+
of H /K -ATPase. A similar tendency was observed
+
+
in the mRNA expression of H /K -ATPase detected
by RT-PCR and western blot. The data revealed that
intracerebroventricularly injected nesfatin-1 significantly
decreased mRNA expression levels two hours after
administration; this difference was statistically
significant (P = 0.000). In addition, four hours after the
injection, mRNA expression returned to normal levels
+
+
(P = 0.792). The tendency of the protein level of H /K ATPase was similar (Figures 3 and 4).

Establishment of the rat model with nutritional obesity

Given the fact that the main cause of obesity is
overconsumption of high-calorie food, it is of great
importance to establish a rat model that has the same
[35-37]
cause of obesity as humans
. Based on the dietary
characteristics of some individuals (which are high in
fat and sugar), the obese rat model was established
in six weeks by adding moderate amounts of sugar,
fat, and protein into the rat’s diets. Results revealed
that body weight, body length, Lee’s index, and
postprandial triglyceride levels significantly increased in
the obese rat model induced by the high-fat diet. This
indicates that the model was successfully established.

DISCUSSION
Due to lifestyle changes, obesity has become a
major global public health issue that troubles many
[23]
countries . As shown in many epidemiologic studies,
the morbidity of diabetes and cardiac disease in the
obese is higher than that in the normal population,
which can potentially lead to a heavy financial burden
for both families and societies. Therefore, studying
[24-27]
obesity is of great importance
. There is an
apparent correlation between obesity and dieting
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Effects of the manner of drug delivery on gastric
emptying rate and gastric acid secretory capacity of
obese rats

The precursor of nesfatin-1, NMCB-2, can be hydrolyzed
into three parts by the action of prohormone convertase,
[38-41]
namely nesfatin-1, nesfatin-2, and nesfatin-3
.
[42]
Research carried by Pan et al
revealed that the
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permeation of nesfatin-1 between the blood and brain
was a non-saturable process. Furthermore, Atsuchi
[43]
et al
found that the vagal nerve may be involved in
the process of nesfatin-1’s effect on gastric functions.
However, our study revealed that intravenous injection
of nesfatin-1 had no significant impact on the volume
of gastric juice or gastric emptying rate. This indicates
that nesfatin-1 in the brain effects gastric function via
some method that includes the nervous system, rather
than crossing the blood-brain barrier before taking
effect.

the relationship between gastric mobility and the vagus
nerve, even though centrally administered nesfatin-1
has been reported to play a role in the regulation of
gastrointestinal function through the vagus nerve.
Further studies are needed to investigate whether
the central administration of nesfatin-1 affects the
+
+
expression of H /K -ATPase through the vagus nerve.
Overall, our in vivo experiment demonstrates
that the central administration of nesfatin-1, rather
than its peripheral administration, had an effect on
gastrointestinal functions in obese rats. Centrally
administered nesfatin-1 inhibited gastric mobility and
gastric acid secretion in a dose-independent manner
over a period of time. This study provides a preliminary
theoretical basis for the development of nesfatin-1 for
the treatment of obesity.

Changes in gastric empting rate and gastrointestinal
mobility of obese rats after nesfatin-1 treatment

Studies have found that the central administration of
nesfatin-1 results in the inhibition of gastrointestinal
mobility in rats in a dose-dependent manner. In
addition, administration of nesfatin-1 antibody promotes
[44,45]
food intake
. This indicates that nesfatin-1 can
reduce food intake. Our study further revealed that
intracerebroventricular injection of nesfatin-1, rather
than intravenous injection, can slow down intestinal
peristalsis and suppress gastric emptying and gastric
acid production. Moreover, these effects are dependent
on drug dosage within a certain period of time.
Previous studies have shown that a delay in
gastric emptying leads to increased stomach content,
[46]
thereby affecting food intake . Hence, we postulate
that nesfatin-1 may cause food refusal by affecting
gastrointestinal peristalsis. Nesfatin-1 suppress gastric
emptying and secretion of gastric acid within certain
periods of time, which can prolong food stay in the
stomach, slow down food digestion, and induce satiety,
resulting in food refusal.

COMMENTS
COMMENTS
Background

Obesity has become a major global public health issue that can lead to heavy
financial burdens for both families and societies. Nesfatin-1, a new anorectic
peptide, has been proven as an inhibitor of food intake and has the potential
to be used in the treatment of obesity. However, the clinical use of nesfatin-1
is limited, since it remains unknown whether the routes of administration of
nesfatin-1 influence gastric emptying, as well as how and when this would affect
gastric functions.

Research frontiers

Nesfatin-1 plays a role in the regulation of many physiological processes, such
as carbohydrate metabolism, immunity, and the digestive tract. Studies have
shown that nesfatin-1 mRNA, together with ghrelin somatostatin and histidine
decarboxylase, regulate gastric acid secretion and are co-expressed in oxyntic
glands in the fundus of the stomach. In vitro studies have shown that nesfatin-1
can inhibit the expression of H+/K+ ATPase to block gastric acid secretion.
Researchers have also found that lateral intracerebroventricular injection of
nesfatin-1 can reduce the gastrointestinal mobility of rats.

Mechanism of gastric acid secretion inhibition

Innovations and breakthroughs

H+/K+-ATPase, a key enzyme in gastric acid production,
promotes the secretion of gastric acid through
+
phosphorylation in the process of extracellular K and
+
[47,48]
+
+
intracellular H transmembrane transport
. H /K ATPase serves as a key point in the signaling transduction
pathway regulating gastric acid secretion. Its expression
levels in cells located in the gastric mucosal gland have
[49,50]
a direct effect on gastric acid production
. Therefore,
in the present study, we observed the expression levels
+
+
of H /K -ATPase to preliminarily explore the potential
mechanism of centrally administered nesfatin-1
on gastric acid secretion. Western bolt and RT-PCR
analyses demonstrated that the protein and mRNA
expression levels of H+/K+-ATPase decreased after
intracerebroventricular injection of nesfatin-1. These
levels returned to normal after four hours, and moved
in line with the changes in gastric acid production. Our
study revealed that centrally administered nesfatin-1
+
+
may inhibit the expression of H /K -ATPase in gastric
mucosal tissues, thereby suppressing the secretion of
gastric acid.
Due to the limited time, we were unable to explore
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This in vivo experiment revealed that intracerebroventricular injection of
nesfatin-1 could suppress gastric function in obese rats. Moreover, its effect
on gastric emptying and the gastric acid secretory capacity of rats is dosedependent within a certain period of time. Intracerebroventricular injection of
nesfatin-1 could also suppress the expression of H+/K+ ATPase in vivo, which
may be the mechanism of gastric acid secretion changes.

Applications

This study demonstrates that intracerebroventricular injection of nesfatin-1
could successful suppress gastric function in obese rats, which may indicate
its potential use for the treatment of obesity. If further research finds the exact
molecular mechanism of nesfatin-1, obesity may even be cured someday.

Peer-review

Although obesity is a major global public health issue, there is no drug cure for
it. This study reveals that intracerebroventricular injection of nesfatin-1 could
successful suppress gastric function in a dose-dependent manner within a
certain period of time. A preliminary theoretical basis for the development of
nesfatin-1 for the treatment of obesity is provided by this research.
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Abstract
AIM
To investigate the association between a recent
gastrointestinal (GI) endoscopy and the subsequent
risk of pyogenic liver abscess (PLA).

Informed consent statement: No written informed consent
is obtained since all the data have been de-identified before
analysis.
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METHODS
We designed a nested case control study. Using the
Taiwan National Health Insurance Research Database,
2135 patients with a first diagnosis of PLA were
identified from 1998 to 2011. Another 10675 patients
without PLA matched by age and sex were selected
as reference controls. We identified and compared
the possible risk factors for PLA and GI endoscopies
performed before the index date (when PLA was
diagnosed) between the two cohorts. Multivariate
analysis was conducted to examine the risk of PLA
within the 90 d after the GI endoscopies.

especially in those with diabetes mellitus, end-stage
renal disease, liver cirrhosis, biliary tract infection, and
GI malignancies.
Tsai MJ, Lu CL, Huang YC, Liu CH, Huang WT, Cheng KY,
Chen SCC. Recent upper gastrointestinal panendoscopy increases
the risk of pyogenic liver abscess. World J Gastroenterol 2017;
23(16): 2948-2956 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2948.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2948

RESULTS
Patients with a history of diabetes [adjusted odds ratio
(aOR) = 4.92, 95%CI: 1.78-13.61], end-stage renal
disease (aOR = 3.98, 95%CI: 1.45-10.91), biliary tract
infection (aOR = 2.68, 95%CI: 2.11-3.40), liver cirrhosis
(aOR = 2.19, 95%CI: 1.39-3.46), GI malignancies
(aOR = 5.68, 95%CI: 4.23-7.64), appendicitis (aOR =
3.16, 95%CI: 2.27-4.41), diverticulitis (aOR = 1.64,
95%CI: 1.01-2.64), and recent endoscopic retrograde
cholangiopancreatography (aOR = 27.04, 95%CI:
11.65-62.72) were significantly associated with an
increased risk of PLA. After adjusting for the above risk
factors and the frequency of outpatient department
visits and abdominal ultrasounds during 90 d before
the index date, an upper GI panendoscopy (aOR = 2.75,
95%CI: 2.05-3.69) but not a lower GI endoscopy (aOR
= 1.07, 95%CI: 0.62-1.86) was significantly associated
with PLA.

INTRODUCTION
A pyogenic liver abscess (PLA) is the most common
type of visceral abscess and is a potentially lifethreatening disease with distinct incidence rates
[1-3]
worldwide . In western countries, the annual PLA
[2-4]
incidence rate is around 1-2.3 per 100000
with an
[2,4,5]
overall mortality of around 10%
. In Taiwan, the
annual incidence has increased steadily from 11.2 per
[1]
100000 in 1996 to 17.6 per 100000 in 2004 .
The direct ascending spread of bacteria from the
biliary tract or a hematologic spread of bacteria from
organs of the portal systems due to gastrointestinal
lesions with mucosa defects or a compromised mucosa
[5,6]
barrier , is the well-known pathogenesis. Therefore,
the documented risk factors for PLA include diabetes
[1,7]
[8,9]
mellitus (DM) , end-stage renal disease (ESRD) ,
[10]
[11,12]
biliary tract infection (BTI) , liver cirrhosis
,
[13-17]
[18,19]
colorectal cancer
, hepatobiliary tract cancer
,
and endoscopic retrograde cholangiopancreatography
[20-23]
(ERCP)-related biliary tract procedures
. In
addition, serial case reports have also demonstrated
that acute appendicitis or diverticulitis may result
in PLA through bacterial spreading from portal
[24-29]
systems
.
Gastrointestinal (GI) endoscopies are common
procedures for the diagnosis and treatment of
GI diseases. Although the risk of adverse events
associated with these procedures is low, complications
still occasionally happen under extensive usage.
Common complications of GI endoscopy include
perforation, hemorrhage, and infection. According
to the literature, the mean rate of bacteremia after
[21]
ERCP ranges from 6.4% to 18% . These bacteremia
episodes may evolve into clinical complications,
including cholangitis, cholecystitis, PLA, pancreatic
pseudocyst infection and even sepsis, at a rate
[20-23]
ranging from 0.04% to 8.6%
. Hence, prophylaxis
antibiotics are recommended for patients who re
ceive ERCP with a bile duct obstruction and without
[20]
adequate biliary drainage . Transient bacteremia
after a diagnostic upper GI (UGI) panendoscopy and
colonoscopy has also been reported to occur at a
[20,30,31]
mean rate of 4.4%
. Therefore, the development
of PLA after a GI endoscopy through the hemorrhagic
[20,24,31-33]
spread of bacteria is possible
.

CONCLUSION
An upper GI panendoscopy performed before 90 d may
increase the risk of PLA.
Key words: Appendicitis; Colonoscopy; Diverticulitis;
Gastrointestinal endoscopy; Panendoscopy; Pyogenic
liver abscess
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A pyogenic liver abscess (PLA) is a potential
lethal disease with known pathogeneses, including
biliary tract infection and portal venous bacterial
spreading. Gastrointestinal (GI) endoscopies are
common procedures that sometimes have complications
of mucosa trauma, local infection, and bacteremia. The
relationship between GI endoscopy and subsequent
PLA has not yet been documented. This large nested
case-control study has shown a significant association
between a recent upper GI panendoscopy and increased
risk of PLA, though a lower GI endoscopy and the
invasive procedure itself of a GI endoscopy did not
increase the risk of PLA. Furthermore, patients with
diabetes mellitus, end-stage renal disease, liver cirrhosis,
biliary tract infection, and GI malignancies could
also have a higher risk of PLA. In summary, clinical
physician should not ignore the risk of development of
PLA after patients receiving an upper GI panendoscopy,
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Until now, no large-scale study has been conducted
to investigate the relationship between GI endoscopy
and the subsequent risk of PLA. The aim of this
study was to determine whether patients who had
undergone a recent GI endoscopy had an increased
risk of PLA compared to those who had not undergone
GI endoscopy, based on a nationwide population-based
database in Taiwan.

Digestive endoscopy was determined by specific
NHI order codes: UGI panendoscopy, 28016C;
lower gastrointestinal (LGI) endoscopy; 28017C
(colonoscopy); 28011C (rectoscopy); and 28013C
(sigmoidoscopy). Endoscopy with or without invasive
procedures, like biopsy, polypectomy, hemostasis
and foreign body removal, were also determined by
specific codes: 28030C (endoscopic biopsy); 47043B
(endoscopic hemostasis); 47074C (panendoscopic
polypectomy); 47083C (UGI foreign body removal);
28031C (colonoscopic or enteroscopic biopsy);
49014C (colonoscopic polypectomy); 49023C
(rectoscopic hemostasis); 49025C (colonoscopy with
removal of a foreign body); and 49026C (endoscopic
hemostasis for colon bleeding). Because PLA had
already been demonstrated as a complication of
[20-23]
ERCP
, we identified, controlled, and excluded
ERCP-related procedures, including ERCP (33024B),
endoscopic retrograde pancreas drainage (33033B),
endoscopic retrograde biliary drainage (56020B),
endoscopic papillotomy with stone extraction (56033B),
endoscopic sphincterotomy (56031B), and endoscopic
nasobiliary drainage (56021B), according to the
specific codes. Moreover, to control other unidentified
causes, usage dependence bias and confounding
factors that may promote to a diagnosis of PLA,
we also controlled for the frequency of outpatient
department (OPD) visits and abdominal ultrasound
examinations (19001C and 19009C) during the 90 d
period before the index date in a multivariate analysis.
Since the bureau of NHI regularly checked the claims
dataset to ensure the validity of all procedure codes
that patients received before reimbursement, we
believe that the above endoscopy procedure records
should be reliable. There was also a possibility that the
patients who received endoscopic procedures were not
recorded in the NHI database. For example, patients
who received self-paid endoscopic procedures were
not included. However, the NHI program covers near
100% of Taiwan’s entire population. The ratio of these
self-paid endoscopic procedures was extremely low
and can almost be neglected.
In addition to demographic variables, documented
risk factors for PLA, including diabetes mellitus (ICD9-CM code 250), BTI (ICD-9-CM codes 574.0-574.4,
575.0, 575.1, 575.10-575.12, and 576.1-576.3),
liver cirrhosis (ICD-9-CM codes 571.2, 571.5, and
571.6), appendicitis (ICD-9-CM codes 540.0, 540.1,
541, and 542) and diverticulitis (ICD-9-CM codes
562.10-562.13), were also identified during the 15
mo (90 + 365 d) before the index date (Figure 1).
Moreover, patients with ESRD or GI malignancies
that were registered in the Critical Illness Database
of NHIRD before the index date (not limited to the
15-month duration before the index date), were also
identified (Figure 1). Malignancies of the GI tract
included malignancies of colon (ICD-9-CM codes
153.0-153.9), rectosigmoid junction (154.0), rectum

MATERIALS AND METHODS
Data source

This study was based on claims data from the Taiwan
National Health Insurance (NHI) program, which was
initiated in 1995 to provide affordable healthcare for
all residents in Taiwan. There are currently more than
23 million enrollees in the program, representing
over 99% of Taiwan’s entire population. For research
purposes, claims data have been updated annually
in the National Health Insurance Research Database
(NHIRD) by the National Health Research Institute
(NHRI). The NHRI released sets of sampling files,
called the Longitudinal Health Insurance Database
(LHID), for the year 2005 (LHID 2005). The NHRI
randomly sampled 1000000 beneficiaries in 2005
from the entire population of NHI beneficiaries. All
registrations and claims data for these 1000000
beneficiaries from 1996 to 2011 were included in the
LHID 2005. The primary data source of this study
was retrieved from the LHID 2005. In this cohort
dataset, the original identification number of each
patient was scrambled to protect patient privacy, thus
patients’ informed consent was not needed. The study
was approved by the Institutional Review Board of
the Ditmanson Medical Foundation Chia-Yi Christian
Hospital (CYCH-IRB 104034).

Study population and design

The present study was designed as a nested casecontrol study. We used LHID 2005 to identify patients
with first-diagnosed PLA (International Classification
th
of Disease, 9 Revision, Clinical Modification [ICD-9CM], code 572.0) from either outpatient or inpatient
medical records from 1998 to 2011. The diagnosis
date of PLA served as the index date. For each patient
with PLA, five matched controls were selected from the
remaining patients in the database using an incidence
[34]
density sampling method . The controls were
randomly selected from people who had a matched
birth year and sex, and who had not been diagnosed
with PLA from 1997 to the PLA occurrence date (index
date) of their matched cases (Figure 1).

Criteria and definitions

To evaluate the association between a recent digestive
endoscopy and PLA, we reviewed inpatient and
outpatient medical records of cases and controls in
the 90 d period before the index date (Figure 1).
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All claim data for people enrolled in the
LHID 2005 in Taiwan from 1997 to 2011
(n = 1000000)

Exclude:
People who had the initial
diagnosis of PLA in 1997
(n = 75)

PLA cases
Newly diagnosed patients with PLA
(ICD-9-CM: 572.0) from 1998 to 2011
(n = 2135)

People who had never been
diagnosed as PLA at and prior
to the incidence of the PLA
cases to be matched

Individually matching
for sex, birth year,
and time for PLA
incidence

Population controls
Randomly selected five people
without PLA for each matched case
(n = 10675)

Cases : Controls = 1 : 5

Identify and compare the variables between cases and controls
Index date
of PLA

Identify the upper GI panendoscopy/lower GI
endoscopies, ERCP related procedures, OPD
visits and abdominal ultrasounds

90 d

Identify the risk factors of PLA: DM, BTI, liver
cirrhosis, appendicitis and diverticulitis

Identify the risk factors of PLA: ESRD
and GI malignancies

90 + 365 d

Any time before
index date

Figure 1 Flow chart for selecting cases and controls and identifying comorbidity and examinations.

(154.1), anus (154.2, 154.3, and 154.8), liver (155.0
and 155.2), intrahepatic bile duct (155.1), gallbladder
(156.0), extrahepatic bile ducts (156.1, 156.2, 156.8,
and 156.9), stomach (151.0-151.9), small intestine
(152.0-152.3, 152.8, and 152.9), and pancreas
(157.0-157.4, 157.8, and 157.9).

9.3, SAS Institute Inc., Cary, NC, United States). In
addition to the analysis of a recent 90 d GI endoscopy
and PLA risk, we also conducted another sensitivity
analysis of a recent 180 d and 1 year (365 d) GI
endoscopy by the aforementioned methods to validate
the association between GI endoscopy and PLA risk.

Statistical analysis

RESULTS

Frequencies of demographic and clinical characteristics
were described and compared between cases and
2
controls using χ test. To evaluate the net effect of
a recent UGI panendoscopy or LGI endoscopy on
PLA risk, a multivariate analysis adjustment for the
well documented or possible risk factors for PLA
was conducted. The frequency of OPD visits and the
frequency of abdominal ultrasound examinations were
also adjusted to prevent a usage dependency bias for
patients who had other risk and confounding factors
of PLA which would lead to a higher frequency of OPD
visits and ultrasound examinations. A conditional
logistic regression model was performed to estimate
the adjusted odds ratio (OR) and its 95% confidence
interval (CI). Significance was set at p < 0.05. All
statistical analyses were performed using SAS (version

WJG|www.wjgnet.com

Demographics and comorbidities

During 1998 to 2011, 2135 PLA cases and 10675
matched controls were obtained from LHID 2005.
The annual PLA incidence in Taiwan during this period
was 15.25 cases per 100000. The mean age was
58.9 ± 16.5 year and 60% were males. PLA mostly
happened in those aged 45-64 year (41.4%). The
leading comorbidities of patients with PLA were BTI
(11.7%), diabetes (9.7%), and liver cirrhosis (6.8%)
(Table 1). Patients with PLA were more likely to have
the following comorbidities than patients without PLA:
diabetes (p < 0.001), ESRD (p < 0.001), BTI (p <
0.001), liver cirrhosis (p < 0.001), malignancies of the
GI tract (p < 0.001), appendicitis (p < 0.001), and
diverticulitis (p < 0.001) (Table 1).
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Table 1 Demographic features and comorbidities of pyogenic
liver abscess cases and controls n (%)
Demographic
and clinical
characteristics
Age, yr
< 20
20-44
45-64
65-74
75+
mean ± SD
Gender
Female
Male
Diabetes
With
Without
ESRD
With
Without
BTI
With
Without
Liver cirrhosis
With
Without
GI malignancy
With
Without
Appendicitis
With
Without
Diverticulitis
With
Without

Table 2 Outpatient visits and examination of pyogenic liver
abscess cases and controls n (%)

Cases
Controls
Total
P value
(n = 2135) (n = 10675) (n = 12810)

31 (1.5)
391 (18.3)
883 (41.4)
454 (21.3)
376 (17.6)
58.8 ± 16.5

164 (1.5)
1952 (18.3)
4423 (41.4)
2229 (20.9)
1907 (17.9)
58.8 ± 16.5

195
2343
5306
2683
2283
58.8 ± 16.5

0.991

854 (40.0)
1281 (60.0)

4270 (40.0)
6405 (60.0)

5124
7686

1.000

206 (9.7)
1929 (90.4)

253 (2.4)
10422 (97.6)

459
12351

< 0.001

46 (2.2)
2089 (97.9)

73 (0.7)
10602 (99.3)

119
12691

< 0.001

249 (11.7)
1886 (88.3)

99 (0.9)
10576 (99.1)

348
12462

< 0.001

146 (6.8)
1989 (93.2)

97 (0.9)
10578 (99.1)

243
12567

< 0.001

62 (2.9)
2073 (97.1)

80 (0.8)
10595 (99.3)

142
12668

< 0.001

10 (0.47)
2125 (99.53)

9 (0.08)
10666 (99.92)

19
12791

< 0.001

12 (0.56)
2123 (99.44)

11 (0.1)
10664 (99.9)

23

< 0.001

Demographic
and clinical
characteristics

Frequency of OPD visits
<1
119 (5.6)
2781 (26.1)
1-2
243 (11.4)
1989 (18.6)
3-7
774 (36.3)
3403 (31.9)
≥8
999 (46.8)
2502 (23.4)
Frequency of abdominal ultrasound
0
1692 (79.3)
10329 (96.8)
1
358 (16.8)
321 (3.0)
≥2
85 (4.0)
25 (0.2)
Abdominal ultrasound
with
443 (20.8)
346 (3.2)
without
1692 (79.3)
10329 (96.8)
ERCP-related procedures
with
107 (5.0)
9 (0.1)
without
2028 (95.0)
10666 (99.9)
Upper GI panendoscopy
with
172 (8.1)
131 (1.2)
without
1963 (91.9)
10544 (98.8)
Lower GI endoscopy
with
36 (1.7)
53 (0.5)
without
2099 (98.3)
10622 (99.5)
Upper or lower GI endoscopy
with
189 (8.9)
171 (1.6)
without
1946 (91.2)
10504 (98.4)
Upper GI panendoscopy
upper GI only1
150 (7.0)
130 (1.2)
upper GI with
22 (1.0)
1 (0.0)
ERCP-related
procedures
ERCP without
85 (4.0)
8 (0.1)
upper GI
None2
1878 (88.0)
10536 (98.7)
Lower GI endoscopy
lower GI only1
34 (1.6)
53 (0.5)
lower GI with
2 (0.1)
0 (0.0)
ERCP-related
procedures
ERCP without
105 (4.9)
9 (0.1)
lower GI
None2
1994 (93.4)
10613 (99.4)
Upper or lower GI endoscopy
upper or lower
166 (7.8)
170 (1.6)
GI only1
upper or
23 (1.1)
1 (0.0)
lower GI with
ERCP-related
procedures
ERCP without
84 (3.9)
8 (0.1)
upper or lower
GI
None2
1862 (87.2)
10496 (98.3)

0.991

ESRD: End-stage renal disease; BTI: Biliary tract infection; GI: Gastrointestinal.

Examinations and risk of pyogenic liver abscess

During the 90 d period before the index date, patients
with PLA had a significantly higher rate of having
undergone an UGI panendoscopy (p < 0.001), LGI
endoscopy (p < 0.001), and ERCP-related procedures
(p < 0.001) than patients without PLA. Fifty seven
(33.1%) PLA cases occurred within the first 10 d after
an endoscopic examination (Figure 2), with a median
of 25.5 d (interquartile range, 7-53 d). Moreover, the
frequency of OPD visits (p < 0.001) and frequency
of abdominal ultrasound examinations (p < 0.001)
during the 90 d period before the index date were also
significantly higher in patients with PLA (Table 2).
The net effect of a recent UGI panendoscopy
and LGI endoscopy and PLA risk was evaluated by a
multivariate analysis after adjusting for risk factors for
PLA, recent ERCP-related procedures, and frequency
of OPD visits and abdominal ultrasounds (Table 3). The
results showed that patients who had undergone a
recent UGI panendoscopy had significantly higher odds
of having PLA than patients who had not undergone
an UGI panendoscopy (OR = 2.75, 95%CI: 2.05-3.69,
p < 0.001). The number needed to harm (NNH) for
UGI panendoscopy in PLA was 15 patients (95%CI:

WJG|www.wjgnet.com

Cases
Controls
Total
P value
(n = 2135) (n = 10675) (n = 12810)

2900
2232
4177
3501

< 0.001

12021
679
110

< 0.001

789
12021

< 0.001

116
12694

< 0.001

303
12507

< 0.001

89
12721

< 0.001

360
12450

< 0.001

280
23

< 0.001

93
12414
87
2

< 0.001

114
12607
336

< 0.001

24

92

12450

1

Only means patients who received GI endoscopy only and didn’t receive
ERCP-related procedures within the previous 90 d; 2None means patients
who did not receive GI endoscopy (upper or lower) and ERCP-related
procedures within the previous 90 d. ERCP: Endoscopic retrograde
cholangiopancreatography; GI: Gastrointestinal; OPD: Outpatient
department.

12-17). However, there was no significant difference
between patients with or without a LGI endoscopy
(OR = 1.07, 95%CI: 0.62-1.86, p = 0.803). Because
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60

Table 3 Risk of pyogenic liver abscess related to comorbidities
and examination n (%)

Frequency of
Ultrasound
ERCP-related
procedures
UGI panendoscopy
LGI Endoscopy

95%CI

P value

With vs without
With vs without
With vs without
With vs without
With vs without
With vs without
With vs without
1-2 vs < 1

4.92
3.98
2.68
2.19
5.68
3.16
1.64
2.65

1.78-13.61
1.45-10.91
2.11-3.40
1.39-3.46
4.23-7.64
2.27-4.41
1.01-2.64
2.10-3.34

0.002
0.007
< 0.001
< 0.001
< 0.001
< 0.001
0.044
< 0.001

3-7 vs < 1
8+ vs < 1
≥ 2 vs 0

4.75
6.72
3.26

3.86-5.85
5.43-8.32
2.69-3.95

< 0.001
< 0.001
< 0.001

1 vs 0
With vs without

5.69
27.04

3.35-9.66
11.65-62.72

< 0.001
< 0.001

With vs without
With vs without

2.75
1.07

2.05-3.69
0.62-1.86

< 0.001
0.803

50
Number of cases

Diabetes
ESRD
BTI
Liver cirrhosis
GI malignancy
Appendicitis
Diverticulitis
Frequency of OPD
visits

aOR

30
20
10
0

1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90
The duration of the diagnosis of PLA after the UGI endoscopy (d)

Figure 2 Frequency and duration of the diagnosis of pyogenic liver
abscess after the first upper gastrointestinal panendoscopy examination.
PLA: Pyogenic liver abscess; UGI: Upper gastrointestinal.

Invasiveness of endoscopy and risk of pyogenic liver
abscess

aOR: Adjusted odds ratio; ESRD: End-stage renal disease; ERCP: Endoscopic
retrograde cholangiopancreatography; BTI: Biliary tract infection; GI:
Gastrointestinal tract; UGI: Upper gastrointestinal tract; LGI: Lower
gastrointestinal tract.

We further analyzed the association between the risk of
PLA and the invasiveness of UGI or LGI tract endoscopy.
The results showed no significant association with
PLA risk on whether the invasive procedures were
performed or not in both an UGI panendoscopy (OR =
0.91, 95%CI: 0.47-1.77) and LGI endoscopy (OR =
0.97, 95%CI: 0.32-2.96) (Table 4).

a few cases who received an UGI panendoscopy or
LGI endoscopy also received ERCP-related procedures
during the preceding 90 d (Table 2), we also used
another multivariate analysis model to calculate the
OR of only UGI panendoscopy or LGI endoscopy (i.e.,
patients with concurrent ERCP-related procedures
were excluded). The results still showed that an UGI
panendoscopy was significantly associated with PLA
(OR = 2.70, 95%CI: 2.01-3.63, p < 0.001; NNH =
17, 95%CI: 14-21) (Supplementary Table 1). Another
sensitivity analysis conducted for a recent 180 d and 1
year GI endoscopy, and risk of PLA, had similar results.
The OR for PLA risk was higher during the previous 90
d (OR = 2.75) than the 180 d (OR = 2.33, P < 0.001)
and 1 year UGI panendoscopy (OR = 1.75, P < 0.001).

DISCUSSION
This large nested case-control study has shown
a significant association between a recent UGI
panendoscopy and increased risk of PLA (OR = 2.75,
95%CI: 2.05-3.69, NNH = 15). However, a LGI
endoscopy and the invasive procedure itself of a GI
endoscopy did not seem to increase the risk of PLA.
Bacterial translocation of GI microbial flora into
the bloodstream may occur during an endoscopy due
to mucosal injury. Although the risk of infection in
remote tissues (i.e., infective endocarditis) caused by
endoscopy-related transient bacteremia is extremely
low, local infection may occur in which a typically
sterile space or tissue is breached and contaminated
[20,21]
by an endoscopic accessory
. Once the local
infection progresses, it may develop into portal venous
bacteremia and lead to PLA.
Previous studies have shown that bacteremia
[21]
occurred mostly within 30 min after GI endoscopy .
In the present study, we found that 33.1% of PLA
occurred within 10 d after an UGI panendoscopy.
In addition, UGI panendoscopy in the previous 90 d
had higher OR for PLA than the previous 180 d and
1 year panendoscopy. As the PLA occurred after UGI
panendoscopy and the OR subsided with time, a
causal relationship between them is very likely. Though
the mean duration that PLA occurred after an UGI
panendoscopy was 32 d (median 25.5 d), the shortest

Comorbidities and risk of pyogenic liver abscess

Diabetes (OR = 4.92, 95%CI: 1.78-13.61, p = 0.002),
ESRD (OR = 3.98, 95%CI: 1.45-10.91, p = 0.007),
BTI (OR = 2.68, 95%CI: 2.11-3.40, p < 0.001), liver
cirrhosis (OR = 2.19, 95%CI: 1.39-3.46, p < 0.001),
history of GI tract malignancies (OR = 5.68, 95%CI:
4.23-7.64, p < 0.001), and ERCP-related procedures
(OR = 27.04, 95%CI: 11.65-62.72, p < 0.001),
which have been documented previously as PLA risk
factors, were also significantly associated with PLA
in this study. Additionally, patients with a history of
appendicitis (OR = 3.16, 95%CI: 2.27-4.41, p < 0.001)
or diverticulitis (OR = 1.64, 95%CI: 1.01-2.64, p =
0.044) also had significantly higher odds of having PLA
than patients without appendicitis or diverticulitis, but
the case numbers of these two illnesses were small
(Table 3).
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Table 4 Risks of pyogenic liver abscess related to site and invasiveness of the digestive endoscopy performed n (%)
Cases (n = 2135)

Controls (n = 10675)

Total

aOR

130 (6.09)
42 (1.97)
1963 (91.94)

98 (0.92)
33 (0.31)
10544 (98.77)

228
75
12507

24 (1.12)
12 (0.56)
2099 (98.31)

38 (0.36)
15 (0.14)
10622 (99.5)

138 (6.46)
51 (2.39)
1946 (91.15)

124 (1.16)
47 (0.44)
10504 (98.4)

Upper GI panendoscopy
Without invasive procedure2
With invasive procedure
None3
Lower GI endoscopy
Without invasive procedure2
With invasive procedure
None3
Upper or Lower GI endoscopy
Without invasive procedure2
With invasive procedure
None3

1

95%CI

P value

Ref.
0.91
0.35

0.47-1.77
0.26-0.49

0.787
< 0.001

62
27
12721

Ref.
0.97
0.66

0.32-2.96
0.35-1.23

0.958
0.193

262
98
12450

Ref.
0.87
0.40

0.49-1.54
0.29-0.54

0.624
< 0.001

1

Adjusted OR was adjusted for history of appendicitis, diverticulitis, diabetes, end-stage renal disease, biliary tract infection, liver cirrhosis, GI
malignancies, frequency of OPD visits, frequency of ultrasound examination, and ERCP-related procedures; 2Invasive procedures include biopsy,
polypectomy, hemostasis and foreign body removal; 3None means patients who didn't receive upper or lower GI endoscopy. aOR: Adjusted odds ratio; GI:
Gastrointestinal tract.
[35,36]

duration of finding the PLA after panendoscopy
was only 1 d. Therefore, the possibility of a PLA
coincidentally exists when receiving panendoscopy
could not be ignored, because some patients with early
PLA may also present upper GI symptoms which lead
them to receive an UGI panendoscopy. The reasonable
incubation time of developing PLA after panendoscopy
is an interesting and important issue and deserves
further study.
Our study also demonstrated that an UGI pan
endoscopy was significantly associated with a sub
sequent risk of PLA, but a LGI endoscopy was not. The
distance between the liver and the examined organs
may be the reason for this finding. For example, the
colon is further away from the portal venous and
lymphatic circulations to the liver than the esophagus,
stomach, and duodenum, therefore a LGI endoscopy
might have a lower probability of occurrence of
PLA. Moreover, a complicated mesenteric lymphatic
defense system in the LGI tract may also decrease
the probability of portal venous bacteremia induced
by a LGI endoscopy. In addition, high intraluminal
air pressure due to air inflation during a duodenum
examination in an UGI panendoscopy may also
increase the additional risk of retrograde bacterial
translocation from the biliary tract and increase
the probability of PLA. All of the above factors may
explain our findings that an UGI panendoscopy was
significantly associated with a subsequent higher risk
of PLA than a LGI endoscopy.
In theory, invasive procedures including biopsy,
polypectomy, hemostasis, or foreign body removal will
result in direct mucosal damage. Presumably, the risk
of bacterial translocation into local tissue or circulation
will increase due to the endogenous microbial flora
gaining a portal of entry. Previous studies have shown
that an interventional endoscopy may cause a higher
[21,35]
incidence of bacteremia
. Hence, prophylaxis
antibiotics were suggested for some high risk
procedures, especially in patients with liver cirrhosis
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and acute GI bleeding or valvular heart disease
.
However, in this study we found no significant
difference in the risk of PLA between a GI endoscopy
with and without invasive procedures. One explanation
is that an UGI panendoscopy itself is invasive
enough to result in an increased risk of PLA. Another
possibility may be that some patients receiving
invasive procedures were prescribed with prophylactic
antibiotics or had concurrent antibiotics usage. Thus,
it prevented the development of PLA, since the use
of antibiotics has been recommended for invasive
[20,21,37]
procedures with a high risk of bacteremia
.
PLA secondary to inflammatory diseases of the GI
tract, like acute appendicitis or diverticulitis, have been
described in serial case reports through the mechanism
[25-29]
of portal bacteremia
, but scarcely studies
have verified their association. Recently, one study
demonstrated appendectomy correlates with increased
[38]
risk of PLA . In our study, we identified patients
with a diagnosis of acute appendicitis or diverticulitis
during the 15 mo before having PLA. Although the
ratio and sample size of a history of acute appendicitis
or diverticulitis in patients with PLA were small [0.47%
(n = 10) and 0.56% (n = 12), respectively, Table 1],
both were significantly associated with an increased
risk of PLA (OR = 3.16, 95%CI: 2.27-4.41 in acute
appendicitis; and OR = 1.64, 95%CI: 1.01-2.64 in
diverticulitis; Table 3). This finding should remind us
that PLA may develop after having appendicitis or
diverticulitis.
Because the dataset of this study has covered
over a decade of cases, we also take the change of
endoscopy procedure into consideration. The mostrelated points are the infection controls for the
procedures, which has meant the carrying of lower
infectious complications and it has highlighted the
high level and up-to-date GI endoscopy disinfection
[39,40]
procedures in Taiwan
. The etiology for the
development of PLA after GI endoscopy can be
iatrogenic and the positive bacterial culture rate from
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Applications

[40]

these GI instruments could be high . Hence, manual
washing, automated endoscope washer reprocessing
and adequate drying/storage after rinsing with regular
surveillance culture were recently advised to diminish
[40]
iatrogenic infectious complications .
The use of a representative, nationwide, populationbased sample to investigate the risk factors of
PLA increases the validity of our results. This large
sample size granted us the statistical power to detect
differences between the study groups. Nevertheless,
there are several limitations in the present study. First,
similar to other studies that used administrative data,
unmeasured confounders may exist in our study.
Second, the use of prophylactic antibiotics for patients
who underwent invasive endoscopy was not considered
in the analysis, which might confine the interpretation
of the antibiotics on reducing the risk of PLA. Third,
because the study was based on an administrate claims
dataset, the diagnosis of PLA was defined by ICD-9CM rather than detail clinical information, coding error
is possible. Further validation may be needed. However,
the NHI regularly checked the claims dataset to ensure
the validity before reimbursement, we believe the ratio
[41]
of coding error is extremely low . In addition, the
NHIRD has been extensively used in research, the same
definition of PLA has been published in peer-reviewed
[7-9,42]
journals previously
. Finally, a lack of microbiologic
data limited the analysis of the association among
causative pathogens, site of endoscopy, and PLA.
Further study with a larger sample size that adjusts
for the influence of concurrent antibiotic use may be
needed to verify these findings.
In conclusion, a higher risk of PLA was found
in patients who had recently undergone an UGI
panendoscopy, especially within the first 10 d after
panendoscopy. Clinical physician should not ignore
the risk of development of PLA after patients receiving
an UGI panendoscopy, especially in those with
diabetes mellitus, ESRD, liver cirrhosis, BTI, and GI
malignancies.

These findings remind clinical physician that PLA may occur in those high-risk
patients when they undergo an upper GI panendoscopy.

Peer-review

This manuscript provides the updated evidence to the readers. The topic is an
important one and deserves a practical value.
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Abstract
AIM
To verify the value of Gutuo Jiejiu decoction in
improving the survival of patients with severe alcoholic
hepatitis (SAH).

Informed consent statement: We did not obtain individual
informed consent. We used current hospital medical files. All of
the data presented were anonymized and the chance of patient
identification was extremely low.

METHODS
We performed a retrospective cohort study in con
secutive patients diagnosed with SAH at the Teaching
Hospital of Chengdu University of Traditional Chinese
Medicine and Shuguang Hospital, Shanghai University
of Traditional Chinese Medicine. The traditional
Chinese medicine formula Gutuo Jiejiu decoction was
employed as an exposure factor. Patients from the
Teaching Hospital of Chengdu University of Traditional
Chinese Medicine who had been treated with Gutuo
Jiejiu decoction + prednisone were assigned to an
observation group, and patients from Shuguang
Hospital, Shanghai University of Traditional Chinese
Medicine who had been treated with prednisone alone
were selected as a control group. A retrospective
analysis was performed by comparing age, alcohol
intake, and clinical parameters of liver injury before
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worldwide. Alcohol consumption is directly associated
with liver disease mortality and accounts for elevated
[1]
social and economic costs . Alcoholic liver disease
(ALD) encompasses a spectrum of injury, ranging
[2]
from simple steatosis to frank cirrhosis . Severe
alcoholic hepatitis (SAH) is characterized by a
Maddrey’s discriminant function (MDF) score higher
than 32, which implies a 2-mo mortality near 50% if
[3-5]
untreated . Although several therapeutic measures
are now available to improve survival rates in patients
[6]
with SAH, the overall prognosis remains dismal . The
pathophysiology of SAH is complicated. Activation of
Kupffer cells (KCs), the production of pro-inflammatory
cytokines, and increases in the level of reactive
oxygen species (ROS) are implicated in liver damage.
Furthermore, mitochondrial glutathione (m-GS-H),
which is the principal antioxidant agent in hepatocytes,
[7]
is severely depleted .
Corticosteroids have become a first-line therapy
for biopsy-proven, severe alcoholic steatohepatitis
[6]
(ASH) . A recent study carefully examined the effects
of prednisone on liver injury and regeneration in
[8]
several experimental models of alcoholic liver injury .
Generally, corticosteroids suppress inflammatory
and immune-mediated hepatic destruction, but their
marked anti-anabolic effect may suppress regeneration
and slow healing by inhibiting the expression of genes
(e.g., pSTAT3) that regulate the proliferation and
[8]
repair of hepatocytes . In a recent meta-analysis,
patients allocated to a corticosteroid treatment group
(40 mg/d for 28 d) had a higher 28-d survival rate
than those allocated to a non-corticosteroid treatment
[9]
group . Although prednisolone is widely used and is
considered the standard treatment for severe acute
alcoholic hepatitis with an MDF score ≥ 32, this
treatment is not free of adverse effects and has been
[10]
considered controversial .
Numerous studies have reported the effects of
traditional Chinese medicine (TCM) for alcoholic
hepatitis, including improvement of symptoms,
reduction of the degree of liver fibrosis, amelioration
of liver function, and reduction of the risk of adverse
reactions. Gutuo Jiejiu decoction is an empirical
formula from Professor Xiao-yu Hu, which has been
being used effectively for a long term in the Depart
ment of Infectious Diseases, Teaching Hospital of
Chengdu University of Traditional Chinese Medicine.
The purpose of this study was to retrospectively
analyze the effectiveness of Gutuo Jiejiu decoction in
patients with SAH.

and after treatment. Additionally, the 3- and 12-mo
survival rates and the occurrence of complications were
analyzed.
RESULTS
One hundred and twenty-eight eligible patients were
selected from 175 cases with SAH, of which 68 were
assigned to the observation group and the other 60 to
the control group. No significant difference was found
in the patients’ baseline characteristics (P > 0.05).
However, significant improvements of 90-d survival rate
[56/68 (82.4%) vs 27/60 (45.0%), P = 0.0000] and
365-d survival rate [48/68 (70.6%) vs 13/60 (21.7%),
P = 00000] were observed in the observation group
after treatment. After the first 3 mo of treatment,
more improvements in the clinical parameters and
scoring systems related to liver injury occurred in the
observation group than in the control group (P < 0.05).
After treatment for 12 mo, the differences in the clinical
parameters and scoring systems related to liver injury
between the two groups were more significant (P <
0.05). No significant differences in complications and
adverse effects were found between the two groups.
CONCLUSION
Gutuo Jiejiu decoction could improve the survival rates
and clinical parameters of liver injury in patients with
SAH, and may represent a new option for treating SAH.
Key words: Severe alcoholic hepatitis; Survival rate;
Prednisone; Traditional Chinese medicine therapy;
Retrospective study
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Severe alcoholic hepatitis (SAH) has high
mortality, regardless of the standard therapy. Finding
new effective and safe therapeutic options is frequently
necessary. With this aim, we reviewed SAH cases from
January 2013 to July 2015 at the Teaching Hospital of
Chengdu University of Traditional Chinese Medicine and
Shuguang Hospital, Shanghai University of Traditional
Chinese Medicine and performed a retrospective
analysis. We found that Gutuo Jiejiu decoction +
prednisone improved the 3- and 12-mo survival rates
and the clinical parameters of liver injury in patients
with SAH more significantly than prednisone alone.
Mou hy, Nie hm, Hu xy. Gutuo Jiejiu decoction improves
survival of patients with severe alcoholic hepatitis: A retrospective
cohort study. World J Gastroenterol 2017; 23(16): 2957-2963
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i16/2957.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i16.2957

MATERIALS AND METHODS
Study design

The present investigation was a retrospective study
executed at the Teaching Hospital of Chengdu
University of Traditional Chinese Medicine and the
Shuguang Hospital of Shanghai University of Traditional
Chinese Medicine from January 2013 to July 2015.

INTRODUCTION
Alcohol use disorders affect millions of individuals
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175 cases enrolled

82 recruited from Shuguang
Hospital of Shanghai
University of Traditional
Chinese Medicine

93 recruited from Teaching
Hospital of Chengdu
University of Traditional
Chinese Medicine

25 ruled out mainly for
the use of other herbal
products that affected
the management of SAH

68 treated as an
observation group

22 ruled out according
to the exclusion criteria

60 treated as a
control group

Figure 1 Algorithm showing how patients were enrolled in the study. SAH: Severe alcoholic hepatitis.

Inclusion criteria

Teaching Hospital of Chengdu University of Traditional
Chinese Medicine and Shuguang Hospital, Shanghai
University of Traditional Chinese Medicine. TCM therapy
with Gutuo Jiejiu decoction was employed as an
exposure factor. Patients who had been treated by using
TCM therapy with Gutuo Jiejiu decoction + prednisone
at the Teaching Hospital of Chengdu University of
Traditional Chinese Medicine were considered an
observation group. Patients from Shuguang Hospital,
Shanghai University of Traditional Chinese Medicine
who had been treated with prednisone alone were
selected as a control group. The following variables
were used for analysis: age, alcohol intake, leukocyte
count, neutrophil count, haemoglobin level, platelet
count, blood urea-nitrogen (BUN), sodium (Na),
albumin, total bilirubin, ALT, AST, gamma glutamyl
transpeptidase, prothrombin time, international
normalized ratio, the Child-Turcotte-Pugh and MDF
scores before and after treatment for 3 mo and 12 mo,
the 3- and 12-mo survival rates, and the occurrence of
complications. The screening procedures are shown in
Figure 1.

Patients aged between 31 and 70 years who met
the clinical and biochemical criteria for SAH and
were characterized by a history of chronic and heavy
alcohol consumption (> 30 g/d within the previous 5
years) and the presence of clinical and or biochemical
abnormalities suggestive of liver injury were included
[11]
in the study . The criteria for inclusion were a rapid
onset of jaundice unrelated to biliary tract obstruction
based on ultrasound, painful hepatomegaly and
ascites, transaminases levers more than two times the
normal values, an aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) ratio exceeding two
times of the normal ratio, leukocytosis caused by an
elevated neutrophil count, total bilirubin > 5 mg/dL,
and MDF score > 32 (calculated using the formula
[4.6 × (patient prothrombin time (PT) - control PT, in
seconds) + total bilirubin, in mg/dL]).

Exclusion criteria

Patients with the following concomitant diseases or
conditions were excluded from the study: acquired
immunodeficiency syndrome, cancer, autoimmune
diseases, psychiatric disorders different from alcoholism,
such as depression and anxiety according to the
Diagnostic and Statistical Manual of Mental Disorders
Fourth Edition criteria; a history of atopy or asthma,
diabetes, obesity, pregnancy, tuberculosis, hepatitis
C virus infection and gastrointestinal bleeding.
Additionally, patients who had taken illicit drugs,
antioxidant supplements, or other herbal products
were not included in this study. Finally, patients who
did not adhere to the formula were removed from this
study either.

Treatments

Prednisone was administered based on the guidelines
of the American Association for the Study of Liver
Diseases (AASLD) (40 mg/d for 4 wk, then tapered
over 2-4 wk, or stopped, depending on the clinical
[2]
situation) . The composition of Gutuo Jiejiu decoction
consisted of Renshen (Panax ginseng), Gegen
(Pueraria lobata), Huangqin (Hovenia acerba), etc.
The control group was treated with prednisone alone,
and the observation group was treated with Gutuo
Jiejiu decoction + prednisone. TCM clinicians tailored
the formula based on changes in the syndrome
and the patients’ conditions. Additionally, all of the
patients were given standard comprehensive medical
treatment.

Screening phase

A review of all cases diagnosed with SAH between
January 2013 and July 2015 was performed at the
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Table 1 Baseline characteristics

Table 2 Characteristics after treatment (3 mo)

Characteristic

Observation
group

Control
group

P value

Age (yr)
Alcohol intake (g/d)
Leukocytes (× 109/L)
Neutrophils (× 109/L)
Hemoglobin (g/L)
Platelets (× 109/L)
Blood urea nitrogen (mmol/L)
Sodium (mmol/L)
Albumin (g/L)
Total bilirubin (μmol/L)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Gamma glutamyl transpeptidase
(U/L)
Prothrombin time (s)
International normalized ratio
Maddrey’s discriminant function
Child-Turcotte-Pugh

50.50 ± 9.84
142.60 ± 46.00
6.36 ± 3.35
4.21 ± 2.60
102.49 ± 23.90
88.00 ± 39.91
11.86 ± 2.19
135.93 ± 8.31
29.27 ± 5.97
89.73 ± 33.50
76.41 ± 27.06
173.04 ± 74.21
148.40 ± 88.04

52.18 ± 10.31
140.72 ± 42.95
5.55 ± 1.86
3.58 ± 1.35
107.75 ± 16.46
83.35 ± 28.20
12.26 ± 2.20
136.18 ± 5.56
30.34 ± 5.75
95.49 ± 47.97
85.72 ± 28.86
185.15 ± 71.61
159.42 ± 84.30

0.347
0.994
0.207
0.158
0.249
0.613
0.232
0.616
0.303
0.727
0.055
0.225
0.301

21.69 ± 1.50
1.92 ± 0.13
40.63 ± 6.69
10.56 ± 1.36

21.46 ± 1.76
1.95 ± 0.16
39.97 ± 7.72
10.40 ± 1.26

0.173
0.173
0.226
0.555

Safety assessment

Adverse events such as unexpected symptoms or
feelings of discomfort were recorded. As for each
adverse event, the start date, end date and degree
were recorded and a causative relationship with
the medicine was considered. The complications
were recorded in detail. Patients with any adverse
events or complications received appropriate
treatment. Additionally, TCM clinicians made required
modifications to the formula based on the patients’
conditions.

Observation
group

Leukocytes (× 109/L)
Neutrophils (× 109/L)
Hemoglobin (g/L)
Platelets (× 109/L)
Blood urea nitrogen
(mmol/L)
Sodium (mmol/L)
Albumin (g/L)
Total bilirubin (μmol/L)
Alanine aminotransferase
(U/L)
Aspartate aminotransferase
(U/L)
Gamma glutamyl
transpeptidase (U/L)
Prothrombin time (s)
International normalized
ratio
Maddrey’s discriminant
function
Child-Turcotte-Pugh

5.60 ± 1.03
5.52 ± 0.98
4.13 ± 0.68
4.20 ± 0.75
116.57 ± 12.81 111.22 ± 13.39
107.82 ± 17.45 108.37 ± 12.13
5.95 ± 1.52
7.57 ± 1.76

0.748
0.652
0.087
0.521
0.000

126.15 ± 8.74 125.64 ± 10.32
34.86 ± 4.36
32.79 ± 4.39
56.11 ± 19.13 67.49 ± 19.70
63.79 ± 17.16 77.81 ± 16.75

0.828
0.048
0.016
0.001

83.93 ± 19.92

92.48 ± 20.24

0.076

78.29 ± 15.14

86.04 ± 14.96

0.032

17.46 ± 1.85
1.59 ± 0.17

18.59 ± 2.26
1.69 ± 0.21

0.038
0.038

19.22 ± 8.84

25.07 ± 10.59

0.014

8.52 ± 1.50

9.89 ± 1.97

0.002

in Table 1. No significant differences were found in
these parameters. After treatment for 3 mo, greater
improvements in the clinical parameters and scoring
systems in relation to liver injury were observed in
the observation group (P < 0.05). After treatment for
12 mo, the differences in the clinical parameters and
scoring systems related to liver injury between the two
groups were more significant (P < 0.05; Tables 2 and 3).

Survival rates

Statistical analysis

At day 90, the survival rate was higher in the obser
vation group than in the control group [56/68 (82.4%)
vs 27/60 (45%), respectively; P = 0.0000]. At day
365, the difference in the survival rate between the
two groups was more significant [(48/68 (70.6%) in
the observation group vs 13/60 (21.7%) in the control
group, P = 0.0000]. The Kaplan-Meier curves of liverrelated mortality according to the response to the
treatments are shown in Figures 2 and 3 (P = 0.0000
by log-rank test).

Overall survival was the only endpoint used in the
analysis. Overall survival was defined as the time
elapsed from the date of diagnosis to either the date of
death or 365 d after diagnosis. Univariate survival curves
were estimated using the Kaplan-Meier method and
compared using the log rank test. The observed death
rates at 90 and 365 d for each group are reported. To
compare the baseline characteristics and the outcomes
after treatment between groups, Student’s t-test, the
2
rank test, the χ test or Ridit analysis was applied based
on the variable type (case deletion was employed in the
management of missing data). The level of significance
was set at P < 0.05. All analyses were performed with
SPSS 21.0 statistical software.

Liver-related complications

Regarding the development or progression of com
plications, 25 patients in the observation group
developed hepatic encephalopathy (HE), compared
with 21 patients in the control group (36.8% vs
35.0%, P = 0.8550). Eleven patients in the observation
group experienced venous bleeding compared with
8 patients in the control group (16.2% vs 13.3%, P
= 0.6520). Twenty-two patients in the observation
group and 20 patients in the control group developed
hepatorenal syndrome (32.4% vs 33.3%, P = 0.906).
No significant difference was found in the development
of infections between the two groups (8.8% vs 15.0%,
P = 0.2780).

RESULTS
A total of 175 cases were collected from the two
hospitals. All of the patients were male. One hundred
and twenty-eight patients were eligible for our study,
of whom 68 were included in the observation group
and the other 60 in the control group.

Liver-related clinical parameters

The baseline characteristics of the patients are given
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Survival functions

Table 3 Characteristics after treatment (12 mo)

Group

Observation Control group P value
group

Leukocytes (× 109/L)
Neutrophils (× 109/L)
Hemoglobin (g/L)
Platelets (× 109/L)
Blood urea nitrogen (mmol/L)
Sodium (mmol/L)
Albumin (g/L)
Total bilirubin (μmol/L)
Alanine aminotransferase
(U/L)
Aspartate aminotransferase
(U/L)
Gamma glutamyl
transpeptidase (U/L)
Prothrombin time (s)
International normalized ratio
Maddrey’s discriminant
function
Child-Turcotte-Pugh

5.18 ± 0.99
3.52 ± 0.74
125.54 ± 12.38
120.65 ± 19.10
4.39 ± 0.87
134.12 ± 5.43
38.77 ± 4.76
37.71 ± 14.53
49.23 ± 18.41

5.89 ± 0.95
3.98 ± 0.54
118.69 ± 10.36
105.23 ± 20.31
5.74 ± 2.09
128.72 ± 5.36
34.10 ± 4.55
47.44 ± 13.44
58.77 ± 15.00

0.029
0.018
0.045
0.009
0.049
0.005
0.005
0.015
0.040

42.10 ± 11.96

51.31 ± 17.61

0.042

53.75 ± 15.95

66.38 ± 17.87

0.022

16.41 ± 1.81
1.50 ± 0.17
13.90 ± 8.65

18.23 ± 2.77
1.66 ± 0.25
22.24 ± 12.77

0.047
0.047
0.017

7.46 ± 1.35

9.15 ± 1.63

0.001

0.8
Cum survival

Characteristic

0.00

Cum survival

100.00

200.00
Time

300.00   400.00

Figure 3 Kaplan-Meier curves demonstrating the 365-d survival rates. 1:
Observation group; 2: Control group. Observation group vs control group [48/68
(70.6%) vs 13/60 (21.7%), P = 00000].

among patients receiving a placebo (P = 0.001). A
subgroup analysis performed in trials with a low risk
of bias revealed a significantly reduced mortality in
corticosteroid-treated patients with either an MDF ≥
32 or hepatic encephalopathy (RR = 0.33, 95%CI:
[14]
[15]
0.11-0.97) . Carithers et al found that patients with
SAH treated with methylprednisolone (32 mg/d, for 28
d) had a lower mortality than patients who received
a placebo (6% vs 35%, P = 0.006). Additionally,
corticosteroids (specifically prednisone) have been
shown to significantly reduce mortality for at least
[16]
1 year . However, SAH still has a high mortality.
Thus, the discovery of a new effective therapy in
clinical practice is vital for the management of SAH.
The experiences of Chinese clinicians provide an
important source of effective TCM therapies. The TCM
treatment approach works at different levels and on
different targets, whereas Western drugs target very
[17]
specific pathways . Additionally, Western and TCM
approaches have been used together worldwide to
[18]
exert a greater effect . In a clinical trial conducted
[19]
by Li et al , the outcomes showed that the effective
rate of TCM therapy + prednisone was higher than
that of prednisone alone (88.9% vs 56.7%, P < 0.05).
[20]
A clinical analysis performed by Wang
showed that
TCM improved the symptoms of acute-on alcoholic
liver failure including abdominal distension, loss of
appetite, insomnia, diarrhea or coprostasis.
In TCM, SAH is categorized as “alcoholophilia”.
Disharmony between the liver and spleen results
from the internal retention of Qi, blood and water
attributed to the prolonged illness and not maintaining
abstinence. Additionally, the kidney will be ultimately
[21]
impaired with the depletion of both Yin and Yang .
Thus, supplementing Qi to prevent collapse and
relieving alcoholism are the most significant approach
for SAH treatment. According to these principles,
Professor Xiao-yu Hu prescribed a Chinese herbal
formula called Gutuo Jiejiu decoction in clinical
practice. this formula has been being used effectively

1.00
2.00
1.00-censored
2.00-censored

0.6
0.4
0.2
0.0
0.00 20.00 40.00 60.00 80.00 100.00
Time

Figure 2 Kaplan-Meier curves demonstrating the 90-d survival rates. 1:
Observation group; 2: Control group. Observation group vs control group [56/68
(82.4%) vs 27/60 (45.0%), respectively; P = 0.0000].

adverse effects

Patients in both groups reported adverse effects
including epigastric burning, nausea, and vomiting.
Six patients in the control group and 8 patients in
the observation group complained of these adverse
effects.

DISCUSSION
Up to 40% of patients with SAH die within 6 months
[12]
after the onset of the clinical syndrome . Nonetheless,
only a few reports have investigated SAH. The most
important approaches for the treatment of SAH
in these studies are abstinence, nutrition therapy,
corticosteroids, anticytokine therapy, and antioxidants.
In one study involving the treatment of SAH patients,
[13]
Ramond et al reported a 12.5% mortality among
patients receiving prednisolone and a 55% mortality
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for a long term in the Department of Infectious
Diseases, Teaching Hospital of Chengdu University of
Traditional Chinese Medicine. Therefore, we present
a retrospective study involving a group of SAH cases
treated with the Chinese herbal formula Gutuo Jiejiu
decoction + prednisone or prednisone alone at two
hospitals, with the aim of verifying the value of Gutuo
Jiejiu decoction in patients with SAH.
In our study, the formula Gutuo Jiejiu decoction
consists of Renshen (Panax ginseng), Gegen (Pueraria
lobata), Huangqin (Hovenia acerba), etc. The
indication for the formula is disharmony between the
liver and spleen and depletion of both Yin and Yang.
Thus, the formula has the effect of supplementing
the Qi to prevent collapse and relieving alcoholism.
In particular, Panax ginseng is applied to tonify
essential Qi, supplement the Qi to prevent collapse
and replenish spleen Qi, Pueraria lobata is applied to
relive alcoholism and activate spleen Qi and regulate
stomach, and Hovenia acerba is applied to clear
away heat-dampness and heat-toxin. Therefore, the
compatibility of the herbs in the formula can achieve
the effect of supplementing the Qi to prevent collapse
and relieve alcoholism. Additionally, in pharmacology,
Panax ginseng can enhance the enzyme activity of
various substances involved in liver metabolism to
increase the detoxification capacity of the liver, and
thereby enhance the body’s tolerance to a variety of
chemical substances. Studies have shown that Pueraria
lobata can affect the gastrointestinal absorption and
metabolism of ethanol, the saponin constituents in
the flowers of Pueraria lobata have a hepatoprotective
effect, and isoflavones can decrease the blood ethanol
and acetaldehyde concentrations and reduce the BUN
[22]
level . Baicalin significantly reduced the ALT and AST
levels as well as the MDA and TNF-α contents, and
improved the SOD and GSH-Px in sera of rats with
[23]
alcoholic liver injury .
The clinical characteristics of the participants in
this study have been described previously. Our data
showed that Gutuo Jiejiu decoction could enhance
the effect of prednisone in reducing mortality and
ameliorating the clinical parameters of liver injury. This
study may provide an effective and safe option for
patients with SAH.

better than those of patients treated with prednisone
alone. In view of the non-availability of better options
for the treatment of SAH and the absence of evidence
of encouraging data for liver transplantation in patients
with SAH, we propose that the Chinese herbal formula
Gutuo Jiejiu decoction may be considered an option for
patients with this disease. Henceforth, well-designed
prospective studies with longer follow-up periods are
needed to assess the long-term efficacy and survival
rates in patients with treated by traditional Chinese
methods.
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COMMENTS
Background

Regardless of its standard therapy, severe alcoholic hepatitis (SAH) has a high
mortality. Numerous studies have reported the effect of traditional Chinese
medicine (TCM) for alcoholic liver hepatitis, such as improvement of symptoms,
reduction of the degree of liver fibrosis, amelioration of liver function, and
reduction of the risk of adverse reactions. Nonetheless, there are only a few
reports involving the therapy of SAH.

Research frontiers

Novel therapeutic targets to restore altered gut mucosal integrity, suppress
inflammation based on cytokine profiles, promote hepatic regeneration, and
limit innate immune responses have been the recent research focus in SAH.

Innovations and breakthroughs

In the current study, the authors found that Chinese herbal formula Gutuo Jiejiu
decoction is an effective therapy for SAH; the patients treated with Gutuo Jiejiu
decoction had better survival at 3 and at 12 mo compared with those treated
with standard therapy with steroids.

Applications

The data from this study suggest that Gutuo Jiejiu decoction could be used as
an effective therapy for patients with SAH.

Limitations

The present study had several limitations. For instance,
the retrospective nature of this study may have
represented a potential source of selection bias due to
the lack of availability of criteria for listing these 128
patients among the thousands of cases of SAH that are
seen and managed in China annually. Additionally, the
study was only a retrospective study, and employing
the prospective clinical study standard of the doubleblind, random method was impossible.
In summary, our study showed that the survival
rates and clinical parameters of patients with SAH
treated with Gutuo Jiejiu decoction + prednisone were

WJG|www.wjgnet.com

Terminology

SAH is a condition characterized by a rapid onset of jaundice in the absence
of biliary tract obstruction, painful hepatomegaly and ascites, transaminases
≥ two times above the normal values, an aspartate aminotransferase/alanine
aminotransferase ratio ≥ 2, neutrophilia, total bilirubin > 5 mg/dL, and a
Maddrey’s discriminant function score > 32 (calculated with the formula [4.6 ×
(patient prothrombin time (PT) control PT, in seconds) + total bilirubin in mg/
dL]), which occurs in patients with a history of chronic and heavy alcohol intake.

Peer-review

The authors analyzed the effect of Chinese herbal formula Gutuo Jiejiu
decoction on alcoholic hepatitis patients. Although the effect of formula is not a
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break-through kind of thing, there is some improvement in the clinical profile of
the patients.
12
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Abstract
AIM
To report our one-year experience with computer
assisted propofol sedation (CAPS) for colonoscopy as
the first United States medical center to adopt CAPS
technology for routine clinical use.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used deidentified aggregate clinical data.
Conflict-of-interest statement: Lin OS, Tombs D, Beecher R,
Koch J and Ross A served as consultants for SEDASYS Inc.,
there are no other conflicts of interest.

METHODS
Between September 2014 and August 2015, 2677
patients underwent elective outpatient colonoscopy with
CAPS at our center. All colonoscopies were performed
by 1 of 17 gastroenterologists certified in the use of the
CAPS system, with the assistance of a specially trained
nurse. Procedural success rates, polyp detection rates,
procedure times and recovery times were recorded and
compared against corresponding historical measures

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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from 2286 colonoscopies done with midazolam and
fentanyl from September 2013 to August 2014. Adverse
events in the CAPS group were recorded.

23(16): 2964-2971 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2964.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2964

RESULTS
The mean age of the CAPS cohort was 59.9 years
(48.7% male); 31.3% were ASA Ⅰ , 67.3% ASA Ⅱ
and 1.4% ASA Ⅲ. 45.1% of the colonoscopies were
for screening, 31.5% for surveillance, and 23.4% for
symptoms. The mean propofol dose administered was
250.7 mg (range 16-1470 mg), with a mean fentanyl
dose of 34.1 mcg (0-100 mcg). The colonoscopy
completion and polyp detection rates were similar
to that of historical measures. Recovery times were
markedly shorter (31 min vs 45.6 min, p < 0.001). In
CAPS patients, there were 20 (0.7%) cases of mild
desaturation (< 90%) treated with a chin lift and
reduction or temporary discontinuation of the propofol
infusion, 21 (0.8%) cases of asymptomatic hypotension
(< 90 systolic blood pressure) treated with a reduction
in the propofol rate, 4 (0.1%) cases of marked agitation
or discomfort due to undersedation, and 2 cases of
pronounced transient desaturation requiring brief (< 1
min) mask ventilation. There were no sedation-related
serious adverse events such as emergent intubation,
unanticipated hospitalization or permanent injury.

INTRODUCTION
In the United States, the administration of propofol
sedation for gastrointestinal endoscopy has been
fraught with controversy, primarily around the issues
of reimbursement and privileging. Although most
endoscopic procedures can be done with moderate
sedation using midazolam and fentanyl (MF), propofol
sedation carries distinct advantages, including more
effective sedation and faster patient recovery[1]. In the
United States, propofol is almost always administered
by anesthesia professionals, with a vast increase in
the incidence of propofol use over the past decade for
routine outpatient endoscopic procedures in low-risk
[2,3]
patients . The use of anesthesiologist-administered
propofol for low-risk endoscopies is estimated to cost
the United States health care system hundreds of
[4]
millions of dollars per year . As a response, there
have been attempts to introduce nurse-administered
propofol sedation (NAPS). NAPS has been shown to be
[5-7]
feasible and safe , but there are significant barriers
to its use in the United States, including the FDA
labeling for propofol (which specifies that propofol must
be administered by personnel trained in anesthesia),
insurance regulations, hospital credentialing rules and
[8]
medicolegal concerns .
Computer assisted propofol sedation (CAPS) was
approved by the FDA in 2013 as a means to provide
moderate sedation for American Society of Anesthe
siology (ASA) classⅠand Ⅱ patients undergoing routine
upper endoscopy and colonoscopy. CAPS allows nonanesthesiologists to administer a continuous propofol
infusion after a single premedication dose of fentanyl.
As the only endoscopy unit in the United States to
introduce CAPS for large-scale clinical use, we report
our one-year experience with CAPS for colonoscopy on
a large cohort of low-risk patients, compared against
similar historical controls who underwent colonoscopy
using traditional MF sedation in the 12 mo immediately
preceding the start of our CAPS usage.

CONCLUSION
CAPS appears to be a safe, effective and efficient
means of providing moderate sedation for colonoscopy
in relatively healthy patients. Recovery times were
much shorter than historical measures. There were few
adverse events, and no serious adverse events, related
to CAPS.
Key words: Colonoscopy; propofol; sedation; colon
cancer screening; anesthesia
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As the first United States medical center to
adopt computer assisted propofol sedation (CAPS)
technology for routine clinical use, we report our oneyear experience with CAPS for colonoscopy. Between
September 2014 and August 2015, 2677 patients
underwent colonoscopy with CAPS. The colonoscopy
completion and polyp detection rates were similar to
that of historical controls who received midazolam and
fentanyl sedation. Procedure and recovery times were
shorter. In CAPS patients, there were only 2 cases
of desaturation requiring mask ventilation, and no
sedation-related serious adverse events. In conclusion,
CAPS is a safe, effective and efficient means of
providing moderate sedation for colonoscopy.

MATERIALS AND METHODS
CAPS system

In September 2014, our unit introduced CAPS (SEDASYS,
Ethicon Endosurgery, Cincinnati, OH, United States) into
our Seattle facility for routine, non-emergent, outpatient
colonoscopies in relatively healthy, low-risk patients.
All procedures were performed by one of 17 board
certified, ACLS-certified, highly experienced attending
gastroenterologists who had undergone mandatory
formal training in use of the CAPS system. A specially
trained nurse maintained or changed the infusion rate

Lin OS, La Selva D, Kozarek RA, Tombs D, Weigel W, Beecher R,
Koch J, McCormick S, Chiorean M, Drennan F, Gluck M, Venu N,
Larsen M, Ross A. One year experience with computer-assisted
propofol sedation for colonoscopy. World J Gastroenterol 2017;

WJG|www.wjgnet.com

2965

April 28, 2017|Volume 23|Issue 16|

Lin OS et al . Computer assisted propofol sedation
by controlling the CAPS device, according to verbal
orders issued by the endoscopist; a technician was also
present in the room to provide procedural support, such
as when polypectomy was performed. An anesthesia
professional was immediately available in the same
building for assistance as needed.
The CAPS system continuously monitors multiple
parameters, including capnography, oxygen saturation,
EKG and blood pressure. In addition, the CAPS system
periodically assesses patient alertness by automated
response monitoring (ARM). With ARM, patients grip a
plastic device during the procedure, and are prompted
by voice and vibration prompts from the CAPS system
every 3-5 min to squeeze the device. In patients with
cognitive or language difficulties, ARM can be replaced
by clinician response mode (CRM), whereby the nurse
is prompted every 3-5 min by the CAPS system to
assess the level of patient responsiveness and inputs
that data into the system.
At the discretion of the endoscopist, intravenous
fentanyl (a single bolus of 25-100 mcg) can be given
to patients 3 min prior to the initiation of the 1%
propofol infusion. The initial infusion rate is set by the
endoscopist and must be between 25-75 mcg/kg per
minute. To achieve a suitable level of sedation, the
endoscopist can titrate the maintenance infusion rate
upwards or downwards during the procedure, and
can give intermittent boluses as needed. The CAPS
system has multiple built-in safety measures: Each rate
increase cannot be more than 50 mcg/kg per minute,
the absolute maximum infusion rate cannot be more
than 200 mcg/kg per minute, and boluses cannot
be more than 0.25 mg/kg. Hypoventilation, oxygen
desaturation, apnea or lack of patient responsiveness,
manifesting as long lag times before the patient
squeezes the ARM hand grip device (or inability to
squeeze the device), will prevent further infusion rate
increases or administration of boluses, and, if severe
enough, can lead the CAPS system to decrease or
discontinue the propofol infusion (the CAPS system can
never unilaterally increase the infusion rate). To prevent
a stacking effect, there is a 180 s lockout period after
each infusion rate increase (during which further rate
increases cannot occur), and a 90 s lockout after each
bolus. Finally, as an additional safety measure, if the
CAPS system detects hypoventilation, apnea or hypoxia
it will automatically increase supplemental oxygen
delivery to the patient and trigger visual and auditory
alarms to alert the provider team.

patients and those undergoing complex procedures,
were assigned to our Jones Endoscopy Unit and did not
receive CAPS. None of the CAPS patients had chronic
obstructive pulmonary disease or chronic heart failure,
since we specifically excluded such patients from the
CAPS experience. The few ASA Ⅲ subjects in our study
suffered from non-cardiopulmonary conditions (such
as renal or liver disorders) that would not be expected
to affect the safety of the procedure or sedation; CAPS
was used off-label for these patients.  There was a
Body Mass Index cutoff of 40 for all CAPS and control
patients.
For CAPS patients, all data (including adverse
events) were prospectively collected as part of a
quality control initiative. During the same period, we
also performed approximately 900 upper endoscopies
with CAPS, but the use of CAPS for upper endoscopic
procedures poses unique challenges quite different from
that of colonoscopy, and are discussed in a separate
manuscript.
Since almost no outpatient procedures in our
hospital were done with MF sedation after December
2014, we used a historical control group to determine
if CAPS resulted in any improvements in procedural
success rates, polyp detection rates, procedure times
and recovery times. We abstracted data from similar
low-risk controls who underwent colonoscopy using
MF in our Buck Unit during the 12 mo immediately
preceding the introduction of CAPS into our unit
(September 1, 2013 to August 31, 2014). The same
group of 17 endoscopists performed the colonoscopies
in both groups. Since all endoscopic procedures at
our center are documented using Provation software
(Wolters Kluwer, Minneapolis, United States), retro
spective automated extraction of endoscopic data
on large numbers of patients was feasible. However,
adverse events could not be retrospectively abstracted
for the control group.
Institutional Review Board approval was obtained
for this study (IRB 15060); individual informed consent
was not required.

Data abstraction

For each CAPS and control subject, the following
information was extracted: (1) demographics (age
and sex); (2) ASA class; (3) indication for colonoscopy
(screening, surveillance or diagnostic); (4) propofol,
midazolam and/or fentanyl dose; (5) polyp detection
rates; (6) procedural success rates (colonoscopy
completion rates) and the incidence of incomplete
or aborted procedures due to sedation issues; (7)
procedure times, defined as the time of endoscope
insertion to the time of endoscope withdrawal from
the patient; (8) recovery times, defined as the time of
the patient’s arrival at the recovery room to the time
of departure; and (9) level of consciousness upon
arrival at the recovery unit. Level of consciousness was
rated by nursing staff on a 6-point scale ranging from

Subject recruitment

Between September 1, 2014, and August 31, 2015,
all patients who underwent colonoscopy with CAPS in
our endoscopy unit were included in the study cohort.
All CAPS procedures were performed in our downtown
Seattle Buck Endoscopy Unit, which focuses exclusively
on low-risk (mostly ASA Ⅰ or Ⅱ) out-patients with no
major comorbidities. Sicker out-patients, as well as in-
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mean fentanyl dose of 34.1 ± 14.6 mcg (0-100 mcg).
In addition, there were 426 colonoscopies that were
performed with CAPS as part of “double procedures”
(upper endoscopies and colonoscopies done during the
same session). For these CAPS “doubles”, the mean
age was 57.6 ± 14.3 years (44.5% male); 25.9%
were ASA Ⅰ, 69.9% ASA Ⅱ and 4.3% ASA Ⅲ. As
expected, sedative doses were significantly higher for
double procedures as opposed to single colonoscopies
(propofol 384.8 ± 180.2 mg vs 250.7 ± 132 mg and
fentanyl 95.3 ± 11.5 mcg vs 34.1 ± 14.6 mcg; p <
0.001 for both). Temporal trend data showed that
mean fentanyl doses decreased steadily with time
as endoscopists found that fentanyl premedication
was not needed to achieve adequate sedation, while
propofol doses increased during the same time period
to compensate for the absence of fentanyl (Figure 1).
In the 12 mo immediately preceding September
2014, there were 2286 historical controls who under
went colonoscopy alone with MF in our downtown
facility. Their mean age was 60.3 ± 11.6 years
(49.8% male); 46.4% were ASA Ⅰ, 52.6% ASA Ⅱ
and 1.0% ASA Ⅲ. 44.7% of these colonoscopies were
for screening, 28.4% for surveillance, and 26.9% for
symptoms. The mean midazolam dose administered
was 4.8 ± 1.7 mg (range 1-16 mg) and mean fentanyl
dose was 105.2 ± 32.9 mcg (25-425 mcg). There were
also 417 colonoscopies performed with MF as part of
“doubles”. For these patients, the mean age was 59.9 ±
14.0 years (41.7% male); 26.3% were ASAⅠ, 68.4%
ASA Ⅱ and 5.3% ASA Ⅲ. The mean midazolam dose
was 6.8 ± 2.5 mg, with a mean fentanyl dose of 130.0
± 41 mcg.

CAPS - mean sedative dosage
300
250

Propofol (mg)
Fentanyl (mcg)

200
150
100
50
0

Q1

Q2

Q3

Q4

Figure 1 Temporal trends of sedative medication doses in the computer
assisted propofol sedation cohort, by quartile. Q1: September to November
2014; Q2: December 2014 to February 2015; Q3: March to May 2015; Q4: June
to August 2015; CAPS: Computer assisted propofol sedation.

“Awake” to “Unresponsive”.
For CAPS subjects, sedation-related adverse events
(defined as cardiopulmonary compromise during or
immediately after the procedure) and serious adverse
events (defined as any intra- or post-procedural
perforation, bleeding requiring hospitalization or
transfusion, or cardiopulmonary event resulting in
mask ventilation, intubation, having to call anesthesia
personnel for help emergently, permanent injury,
hospitalization, or death) were also recorded.

Statistical analysis

The primary study endpoints included polyp detection
rate, procedural success rate, procedure time, recovery
time and level of consciousness upon arrival at the
recovery unit, compared against historical controls.
In addition, adverse events, sedation-related adverse
events, and serious adverse events in CAPS subjects
are also described, although comparative analysis
could not be done because the adverse event rate in
the historical control group was not available.
All comparative analysis was done using the Chisquared test or Fisher’s exact test for proportions,
and Student’s t-test or non-parametric Mann-Whitney
U test for means. All statistical calculations were
performed using SPSS 19.0 (SPSS Inc., Chicago,
IL, United States). P values were 2 tailed. Because
multiple comparisons were made for a total of 5 study
endpoints, the statistical significance threshold was
taken as p < 0.01 (0.05 divided by 5) in accordance
with Bonferroni correction principles.

Procedural outcomes

For CAPS patients who underwent colonoscopy as
single procedures, the procedural completion rate was
high (98.8%) and similar to that of historical controls
(99.0%, p = 0.526) (Table 1). Polyp detection rates
and large polyp detection rates were also similar
to that of controls (53.4% vs 50.1% and 8.2% vs
8.2% respectively, p > 0.01 for both). There were no
differences in colonoscopy completion rates and polyp
detection rates between CAPS patients who underwent
colonoscopy alone and CAPS patients who underwent
colonoscopy as part of double procedures (data not
shown). Temporal trend data showed that colonoscopy
completion and polyp detection rates in the CAPS
group were high right from the start of our experience
with CAPS and remained high throughout the 12 mo
study period (Figure 2).

RESULTS
Subjects and dosing

During the 12-mo study period, 2677 colonoscopies
were performed with CAPS in our Seattle facility. The
mean age of the CAPS cohort was 59.9 ± 11.7 years
(48.7% male); 31.3% were ASA Ⅰ, 67.3% ASA Ⅱ
and 1.4% ASA Ⅲ. 45.1% of the colonoscopies were
for screening, 31.5% for surveillance, and 23.4% for
symptoms. The mean propofol dose administered
was 250.7 ± 132 mg (range 16-1470 mg), with a
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Procedure and recovery times

For patients who underwent colonoscopy alone, the
mean procedure times were slightly shorter for the
CAPS group than the historical controls (22.2 ± 10.5 vs
22.8 ± 9.3 min, p < 0.001). The maximum procedure
time for the CAPS group was 125 min, vs 101 min for
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Table 1 Comparison between computer-assisted propofol sedation and midazolam fentanyl historical controls who underwent
colonoscopy as single procedures
CAPS (n = 2677)

MF (n = 2286)

P value

59.9 ± 11.7
48.7%
98.8%
53.4%
8.2%
22.2 ± 10.5
31.0 ± 14.4
83.3%

60.3 ± 11.6
49.8%
99.0%
50.1%
8.2%
22.8 ± 9.3
45.6 ± 17.9
49.2%

0.685
0.427
0.526
0.019
0.961
< 0.001
< 0.001
< 0.001

Mean age (yr)
Male sex
Colonoscopy completion rate
Polyp detection rate
Large (≥ 1 cm) polyp detection rate
Mean procedure time (min)
Mean recovery time (min)
Level of consciousness upon arrival at recovery
unit - “Awake”

CAPS: Computer-assisted propofol sedation; MF: Midazolam fentanyl.

CAPS - colonoscopy completion and polyp detection
120.0%

CAPS - Mean Procedure and Recovery Times

Colonoscopy Completion (%)
Polyp Detection Rate (%)

35

100.0%

30

80.0%

25

60.0%

20

40.0%

15

20.0%

10

0.0%

Q1

Q2

Q3

5

Q4

0

Figure 2 Temporal trends of colonoscopy completion rates and polyp
detection rates in the computer assisted propofol sedation cohort, by
quartile. Q1: September to November 2014; Q2: December 2014 to February
2015; Q3: March to May 2015; Q4: June to August 2015; CAPS: Computer
assisted propofol sedation.

Q1

Q2

Q3

Q4

Figure 3 Temporal trends of mean procedure times and mean recovery
times in the computer assisted propofol sedation cohort, by quartile.
Q1: September to November 2014; Q2: December 2014 to February 2015;
Q3: March to May 2015; Q4: June to August 2015; CAPS: Computer assisted
propofol sedation.

the controls. On the other hand, mean recovery times
were markedly shorter (31.0 ± 14.4 min vs 45.6 ±
17.9 min, p < 0.001) (Table 1). In terms of level of
consciousness on arrival at the recovery unit, 83.3% of
CAPS subjects were recorded as “Awake” compared to
49.2% of the controls (p < 0.001) (Table 1). Despite
the larger propofol doses given for doubles compared
with colonoscopies done alone, there was no difference
in recovery times between the two groups (31.7 ±
12.3 vs 31.0 ± 14.4, p = 0.368). On the other hand,
the recovery time for CAPS colonoscopy done as
part of “doubles” was much shorter than that of MF
colonoscopy done as part of “doubles” (31.7 ± 12.3
vs 54.8 ± 23.3, p < 0.001). With regard to temporal
trends, mean procedure and recovery times in CAPS
patients were stable throughout the 12 mo study
period (Figure 3).

requiring brief (< 1 min) mask ventilation (including
one that prompted the endoscopist to call for an
anesthesiologist, although the latter did not perform any
intervention because the patient recovered quickly). One
patient who had presented with bloody diarrhea was
diagnosed with ischemic colitis during the colonoscopy
with CAPS, and died 14 d after the procedure despite
surgical resection of the gangrenous colon. Aside from
this delayed fatality, none of the subjects suffered any
severe adverse event such as emergent intubation,
unanticipated hospitalization, permanent injury or
death. Sedation related complications were roughly
evenly distributed throughout the 4 quartiles of our
12-mo study period (data not shown).

DISCUSSION

Safety

CAPS has the potential to allow for the safe, on-label
availability of propofol sedation in the United States
without the need for patients or their insurance plans
to incur additional anesthesia-related costs. Despite
considerable media attention, there still seems to
be some misconceptions about this technology. The
currently available CAPS system is not a “closed-loop”
system. It can never increase drug delivery on its own;
depending on patient physiology and responsiveness,

In the CAPS group, there were 20 (0.7%) cases of
mild oxygen desaturation (< 90%) treated with a chin
lift and reduction or temporary discontinuation of the
propofol infusion, 21 (0.8%) cases of asymptomatic
hypotension (< 90 systolic blood pressure) treated
with a reduction in the propofol rate, 4 (0.1%) cases of
marked agitation or discomfort due to undersedation,
and 2 cases of pronounced transient desaturation
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surveys) for sedation adequacy, the recovery process
and global satisfaction, and much higher endoscopist
satisfaction scores for ease of sedation administration,
the recovery process and global satisfaction. As a
follow-up to these encouraging initial results, we now
present efficacy, efficiency and safety data on a much
larger cohort of patients representing our first 12 mo
of experience using CAPS for colonoscopy.
Similar to our previous study, we found that the
procedural success rates in the CAPS group was high
and comparable to that seen in the MF historical
controls, demonstrating that CAPS delivered highly
effective sedation for colonoscopy. Furthermore, the
polyp detection rate and large polyp detection rate
were also comparable to the controls, while procedure
times were slightly faster. As expected, recovery times
were much faster for CAPS patients than controls (31
min vs 45.6 min, p < 0.001), primarily due to the
shorter half-life of propofol. It should be noted that the
“recovery times” recorded in our study were heavily
impacted by logistical issues, such as the time needed
to educate patients about the colonoscopy results, get
them dressed and confirm the arrival of their escorts.
These factors tended to artificially prolong the “recovery
time” for the CAPS group more than the MF group. In
fact, CAPS patients were generally much more awake
than control patients upon arrival in the recovery
room, such that the difference in recovery times,
although already highly significant, was less impressive
than the difference in wakefulness upon arrival in
the recovery room (Table 1). Even though the rapid
recovery associated with propofol does not negate
certain limitations, such as the prohibition against
driving after the procedure, it has a major impact on
patient convenience, satisfaction, post-procedural
education and endoscopy unit flow[11]. Our previous
study has already demonstrated that both patients and
endoscopists were more satisfied with the recovery
[10]
process for CAPS than that for MF . In addition, we
were able to reduce our recovery room staff overtime
hours by 32%, resulting in over $14000 in savings per
[12]
month despite increased procedure volumes .
Adverse events were relatively few, while serious
adverse events were extremely rare. In the entire
CAPS cohort of over 2500 patients, there were only
two cases of desaturation requiring transient mask
ventilation. The only death in the study, a CAPS patient
who died from ischemic colitis, was felt to be caused
by the underlying condition and not the colonoscopy
or sedation. Aside from this delayed fatality, none of
the subjects suffered any severe adverse event such
as emergent intubation, unanticipated hospitalization,
permanent injury or death. These findings echo those
from our initial study, where there was only one CAPS
patient who suffered desaturation requiring brief mask
ventilation. The small number of adverse events was
also consistent with the results of the randomized
controlled trial, where no serious sedation-related
complication occurred in the CAPS group[9].

the system may restrict, suspend, decrease or stop
the propofol infusion, but any increase in drug delivery
must be initiated by the clinician. In addition, CAPS is
not a “target controlled” system. It does not control
delivery based on the propofol concentration in the
plasma or at the site of drug effect; instead, the
infusion rate is determined by the clinician. Finally,
CAPS is not a “patient-controlled sedation” system
(analogous to patient-controlled analgesia pumps used
in hospitalized patients), because the patient cannot
directly change the infusion rate.
FDA approval for the currently available CAPS
system was based on a large multi-center rando
mized controlled trial[9], in which 1000 (mostly ASA
class Ⅰ and Ⅱ) adults undergoing routine colonoscopy
or upper endoscopy were randomized to CAPS or
MF. The investigators found that the area under the
curve for oxygen desaturation (a composite measure
of the frequency, severity and duration of hypoxic
episodes) was significantly lower for the CAPS group.
Furthermore, patient and endoscopist satisfaction
were greater in the CAPS group, and CAPS subjects
recovered much faster than the MF controls. The
overall incidence of adverse events was 5.8% for CAPS
versus 8.7% for MF; the CAPS group had only one
subject with a desaturation complication compared
with 27 in the control group. The only serious sedationrelated adverse event occurred in a control patient
who required transient mask ventilation.
As the first United States medical center to
adopt CAPS for routine clinical use, we had a unique
opportunity to assess the efficacy, safety and efficiency
of CAPS for colonoscopy in a large number of patients
over an extended period of time. We introduced two
CAPS machines into our unit in September 2014, and
once we confirmed that CAPS seemed to function
well, we steadily increased our commitment to
CAPS, such that by December 2014, almost all lowrisk outpatient upper endoscopies and colonoscopies
were being done by one of the seven CAPS systems
deployed in our unit. We previously presented a nonrandomized controlled study that represented the
[10]
first three months of our experience with CAPS . In
this initial study involving 244 CAPS subjects and 328
MF controls who underwent upper endoscopy and/or
colonoscopy, we found that procedural success rates
and colonoscopic polyp detection rates were high and
comparable between the CAPS and MF groups. The
mean procedure times were also similar between the
two groups. For CAPS, the mean recovery time was
26.4 min vs 39.1 min for MF (p < 0.001). For CAPS
patients who underwent colonoscopy, 1 required
transient mask ventilation for desaturation and 4 ex
perienced asymptomatic hypotension or desaturation
(that did not require any intervention other than
reduction in the propofol rate). These adverse events
rates were similar to that of the MF control group. For
colonoscopy, CAPS was associated with higher patient
satisfaction scores (according to validated satisfaction
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professionals in the United States while potentially
reducing overall health care costs. Unfortunately, the
manufacturer of the only FDA-approved CAPS system in
the United States closed down its CAPS division at the
end of 2016, presumably due to the company’s inability
to project profitability from this technology. Currently,
there are significant financial incentives for endoscopy
practices to continue using anesthesia-administered
[13,14]
propofol
, thereby limiting the number of providers
willing to invest in a CAPS system. However, with the
anticipated advent of bundled payment for screening
[15-17]
and surveillance colonoscopy
, we believe that
non-anesthesiologist-administered propofol sedation
has considerable potential once the United States
health care financial landscape changes. In our unit,
the universal enthusiasm for non-anesthesiologistadministered propofol sedation on the part of nurses,
doctors and patients motivated us to develop socalled nurse-administered propofol continuous infusion
sedation (NAPCIS), which is a method of propofol
delivery that replicates the capabilities of CAPS by
using programmable intravenous fluid infusion pumps
commonly available in the hospital (Alaris® pump
module, Becton Dickinson, Franklin Lakes, NJ, United
States). Unlike NAPS, which uses frequent, small,
intermittent boluses of propofol administered by the
nurse, NAPCIS delivers propofol as a continuous
infusion controlled by the nurse and endoscopist, using
a dosing and safety protocol identical to that in CAPS.
Towards the end of 2016, we transitioned seamlessly
from CAPS to NAPCIS, with over 200 NAPCIS cases
performed at the time of this writing. So far, our
experience with NAPCIS has been excellent, and we
expect to report research data on this new mode of
sedation administration in the near future.

Since CAPS has never been used in routine clinical
practice before, our 12-mo cohort represents an
ongoing learning experience from which we gleaned
several practical principles for using CAPS: First, the
learning curve for CAPS colonoscopy was relatively
gentle compared to that for CAPS upper endoscopy;
most endoscopists and nurses were very comfortable
with CAPS colonoscopy by the end of the second
month. Our temporal data show that colonoscopic
completion and polyp detection rates were high right
from the start (Figure 2). Complications were rare
throughout the 12 mo experience. Once patients
achieve a stable state of moderate sedation with CAPS,
procedures usually go extremely smoothly without
the intermittent awakening that can characterize
MF sedation as drug levels wax and wane. CAPS is
particularly well suited for lengthy colonoscopies,
such as colonic endoscopic mucosal resection. CAPS
for upper endoscopy is somewhat more challenging,
and will be described in a separate paper. Second, we
found that fentanyl premedication was not necessary
in most patients, as demonstrated by the decreasing
doses of fentanyl with time (Figure 1); towards the
end of our 12 mo experience, most endoscopists
preferred to use propofol alone, reserving fentanyl comedication only for patients who were felt to be harder
to sedate. Third, although our nursing staff initially
exhibited varying degrees of anxiety associated with
the introduction of CAPS into our unit, eventually our
nurses, all of whom were already highly experienced
with MF sedation, became the strongest proponents of
CAPS.
There are several limitations to our study. First, we
used historical controls, so there is the potential for
discrepancies between the CAPS and control groups.
Second, the study was unblinded for the providers and
patients, which may have affected certain outcomes
measures such as procedure time, recovery time,
medication doses or even polyp detection rates. Third,
the study was a retrospective analysis of prospectively
collected quality control data, thus potentially subject
to bias. This is particularly true for the historical control
data. Finally, there are no complication data for the
historical controls, thus no comparative analysis could
be done for adverse events. However, the complication
rate for the CAPS cohort was undeniably low and
similar in magnitude to that seen in our previous
controlled study as well as the randomized controlled
[9]
trial .
In conclusion, CAPS is a safe and effective means
of providing moderate sedation for low-risk patients
undergoing routine colonoscopy in a high-volume
endoscopy unit. The major advantage appears to be
much faster recovery times. Because CAPS provides
trained GI physicians with on-label access to propofol
for low-risk procedures, this frees up anesthesia
professionals to focus on more challenging cases,
which may address the current shortage of anesthesia
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Background

Computer assisted propofol sedation (CAPS) was approved by the FDA
in 2013 as a means to provide moderate sedation for American Society of
Anesthesiology (ASA) class Ⅰ and Ⅱ patients undergoing routine upper
endoscopy and colonoscopy. CAPS allows non-anesthesiologists to administer
a continuous propofol infusion after a single premedication dose of fentanyl. As
the only endoscopy unit in the United States to introduce CAPS for large-scale
clinical use, we report our one-year experience with CAPS for colonoscopy on
a large cohort of low-risk patients, compared against similar historical controls
who underwent colonoscopy using traditional MF sedation in the 12 mo
immediately preceding the start of our CAPS usage.

Research frontiers

The use of anesthesiologist-administered propofol for low-risk endoscopies is
estimated to cost the United States health care system hundreds of millions of
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dollars per year. As a response, there have been attempts to introduce nurseadministered propofol sedation (NAPS). NAPS has been shown to be feasible
and safe, but there are significant barriers to its use in the United States,
including the FDA labeling for propofol (which specifies that propofol must
be administered by personnel trained in anesthesia), insurance regulations,
hospital credentialing rules and medicolegal concerns. Thus, novel methods
of delivering propofol safely and effectively without the prohibitive costs of
anesthesia are needed.

7

Innovations and breakthroughs

CAPS appears to be a safe, effective and efficient means of providing moderate
sedation for colonoscopy in relatively healthy patients. Recovery times were
much shorter than historical measures. There were few adverse events, and no
serious adverse events, related to CAPS.

8

Applications

9

CAPS can potentially make affordable non-anesthesia administered propofol
sedation for gastrointestinal procedures widely available in the United States.

Peer-review

10

This is very interesting and important topic and nicely written manuscript. It will
be nice if the authors can provide some more information (or explanation) about
technical characteristics of CAPS system.
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Abstract
AIM
To determine the incidence of readmission after
cholecystectomy using 90 d as a time limit.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
We retrospectively reviewed all patients under
going cholecystectomy at the General Surgery and
Digestive System Service of the University Hospital
of Guadalajara, Spain. We included all patients
undergoing cholecystectomy for biliary pathology who
were readmitted to hospital within 90 d. We considered
readmission to any hospital service as cholecystectomyrelated complications. We excluded ambulatory
cholecystectomy, cholecystectomy combined with other
procedures, oncologic disease active at the time of
cholecystectomy, finding of malignancy in the resection
specimen, and scheduled re-admissions for other
unrelated pathologies.

Conflict-of-interest statement: We have no financial relationships
to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
We analyzed 1423 patients. There were 71 readmissions
in the 90 d after discharge, with a readmission rate of
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the postoperative morbidity and costs associated with
cholecystectomy, and may provide relevant data for
[6-11]
both physicians and hospital managers
. However,
few studies have evaluated the reasons for, or the rate
of, readmission after cholecystectomy, and those that
have done so have tended to consider the first 30 d
[8,12,13]
post-surgery as the time limit
. This restriction
may have led to an underestimation of the actual
incidence of morbidity and of the socio-economic cost
[14]
of the procedure .
Interestingly, an article published in 2011 on
mortality after hepatectomy extended the cutoff point
for measuring mortality from 30 to 90 d and reported
a substantial increase in the rate. Since then the
tendency has been to use 90 d as a limit to measure
complications associated with any procedure. The
objective of this study is to determine the incidence of
readmission after cholecystectomy using this longer
time limit and, secondarily, to analyze the reasons for
re-hospitalization.

4.99%. Sixty-four point seven nine percent occurred
after elective surgery (cholelithiasis or vesicular
polyps) and 35.21% after emergency surgery (acute
cholecystitis or acute pancreatitis). Surgical non-biliary
causes were the most frequent reasons for readmission,
representing 46.48%; among them, intra-abdominal
abscesses were the most common. In second place
were non-surgical reasons, at 29.58%, and finally,
surgical biliary reasons, at 23.94%. Regarding time for
readmission, almost 50% of patients were readmitted in
the first week and most second readmissions occurred
during the second month. Redefining the readmissions
rate to 90 d resulted in an increase in re-hospitalization,
from 3.51% at 30 d to 4.99% at 90 d.
CONCLUSION
The use of 30-d cutoff point may underestimate the
incidence of complications. The current tendency is to
use 90 d as a limit to measure complications associated
with any surgical procedure.
Key words: Cholecystectomy; 90-d; Hospital readmission;
Readmission rate; Cholelithiasis

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

We performed a retrospective study at the General
Surgery and Digestive System Service of the University
Hospital of Guadalajara, which serves a health area
with a resident population of 254256 inhabitants on 1
July 2015. The period analyzed was 1 January 2011 to
31 December 2015.
We included all patients undergoing cholecystectomy
for biliary pathology. Hospital readmissions within 90
postoperative days were analyzed. For this purpose the
®
Mambrino XXI electronic medical history was used.
Patients who were readmitted to any hospital service
as a direct or indirect consequence of a complication
of cholecystectomy within 90 d were considered as
cholecystectomy-related readmissions.
Exclusion criteria for the study were ambulatory
cholecystectomy, cholecystectomy combined with
other procedures, oncologic disease active at the
time of cholecystectomy, finding of malignancy in the
resection specimen, and scheduled re-admissions for
other unrelated pathologies such as hemorrhoidectomy
or removal of ureteral catheter.
The following data were recorded: age, sex,
ASA classification, biliary disease prior to the inter
vention, data related to the admission in which the
cholecystectomy was performed, days from initial
discharge to re-hospitalization, and reason for rehospitalization, defined as surgical-biliary, surgical
[13]
non-biliary and non-surgical following Rana et al ’s
classification.

Core tip: The use of a 30-d cutoff point to determine
the rate of readmissions may underestimate the true
incidence of complications. The current tendency is
to use 90 d as a time limit to measure complications
associated with any surgical procedure. Our objective
is to determine the incidence of readmission after
cholecystectomy using this longer time limit.
Manuel-Vázquez A, Latorre-Fragua R, Ramiro-Pérez C, LópezMarcano A, Al-Shwely F, De la Plaza-Llamas R, Ramia JM.
Ninety-day readmissions after inpatient cholecystectomy: A
5-year analysis. World J Gastroenterol 2017; 23(16): 2972-2977
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i16/2972.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i16.2972

INTRODUCTION
Gallstone disease is one of the commonest digestive
[1]
pathologies , and, as a result, cholecystectomy is one
of the most frequently performed surgical procedures.
Each year, more than 750000 cholecystectomies are
[2,3]
performed in the United States
and around 48000
[4,5]
in the United Kingdom . In the United States in
2004, the direct and indirect costs associated with this
[1]
pathology amounted to $6.2 billion .
Hospital readmissions represent an important
component of the associated costs of a disease and
are an indicator of the quality of care. The study of the
reasons for re-hospitalization may help to characterize

WJG|www.wjgnet.com

RESULTS
We retrospectively analyzed 1, 23 patients. The
distribution by years is shown in Figure 1. Threequarters (75.61%) of the cholecystectomies were
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Table 1 Reasons for readmission after cholecystectomy at
30 and 90 d, at University Hospital of Guadalajara, Spain,
between 2011 and 2015
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Figure 1 Annual distribution of the cholecystectomies performed at the
University Hospital of Guadalajara between 2011 and 2015.
Time for readmission

Month 3
8.45%

90 d-readmission: 71 patients

Biliary: 18.00%
Acute pancreatitis: 2
Choledocholitiasis: 5
Cholangitis: 0
Bile leak: 2
Surgical-nonbiliary: 50.00%
Site-surgical infection: 3
Intraabdominal abscess: 16
Intraabdominal haematoma: 4
Abdominal wall hernias: 0
Abdominal pain: 1
Others: 1
Non-surgical: 32.00%
Pulmonary: 6
Gastrointestinal: 4
Central nervous system: 1
Cardiac: 1
Renal: 1
Others: 3

Biliary: 23.94%
Acute pancreatitis: 5
Choledocolitiasis: 8
Cholangitis: 2
Bile leak: 2
Surgical-nonbiliary: 46.48%
Site-surgical infection: 3
Intraabdominal abscess: 18
Intraabdominal haematoma: 4
Abdominal wall hernias: 2
Abdominal pain: 5
Others: 1
Non-surgical: 29.58%
Pulmonary: 11
Gatrointestinal: 5
Central nervous system: 2
Cardiac: 1
Renal: 1
Others: 1

Week 1
47.89%

Month 2
22.54%

them, intra-abdominal abscesses were the most
common (approximately one in four). In second place
were non-surgical reasons, at 29.58%, and finally,
surgical biliary reasons, at 23.94%.
Of the 71 patients, seven required a second
readmission within 90 d of the initial discharge. In
four cases the reason for the second readmission was
related to the first one (cholangitis, choledocholithiasis
and intra-abdominal abscess). In the other three, the
second readmissions were due to non-surgical causes
of respiratory origin.
There were two deaths during readmission: an
elderly patient with septic shock of undiagnosed cause
who died a few hours after arriving in the emergency
room, and another patient readmitted for aspiration
pneumonia.

Week 4
7.04%

Week 3
4.23%

30 d-readmission: 50 patients

Week 2
9.86%

Figure 2 Time for readmission after cholecystomy within 90-d at
University Hospital of Guadalajara, Spain, between 2011 and 2015.

performed electively and 24.39% as emergencies.
There were 71 readmissions in the 90 d after
discharge (readmission rate 4.99%), 41 of them
women and 30 men. The mean age at readmission
was 68.9 ± 15.7 years. With regard to patients’
comorbidities, 14.08% were ASA Ⅰ, 33.8% ASA Ⅱ,
43.66% ASA Ⅲ and the remaining 8.45% ASA Ⅳ.
Of the 71 readmissions, 64.79% occurred after
elective surgery for cholelithiasis or vesicular polyps,
and 35.21% after emergency surgery (for acute
cholecystitis in 24 cases and for acute pancreatitis in
one).
Of the electively operated patients, 76.09%
underwent a laparoscopic approach, 13.04% right
subcostal laparotomy and 10.87% required conversion
to open surgery due to biliary tract injury, biliary
tract scan, bleeding, or scleroatrophic gallbladder). In
emergency surgeries, 92% (23/25) were performed
by open surgery and two by laparoscopic approach,
with no need for conversion.

Time for readmission

Figure 2 shows the distribution in time for readmissions
in our series. The median time from discharge to
readmission was 8 d (range: 1-88). Almost 50%
of patients were readmitted in the first week after
discharge, and most second readmissions occurred
during the second month.
Seven out of 10 readmissions occurred in the first
month after discharge, and the other three between
30 and 90 d. Redefining the readmission rate to 90
d resulted in an increase in re-hospitalization, from
3.51% at 30 d to 4.99% at 90 d.
In the 21 patients readmitted between 30 and 90
d after discharge, the reason was non-surgical in nine,
surgical biliary in eight and surgical non-biliary in four.
Table 1 shows the reasons for readmission at 30 and
90 d.
Data on age, ASA, reason for cholecystectomy and
median time for readmission (in days) are shown both

Readmissions

Surgical non-biliary causes were the most frequent
reasons for readmission, representing 46.48%; among
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it is essential to standardize criteria regarding the
reasons for readmission. In our opinion, scheduled
readmissions due to another unrelated pathology,
malignancy in the resection specimen or active
oncologic disease should not be included.
[13]
Rana et al
reported the following rates for
readmission according to cause: surgical-biliary in
22.7% of cases, surgical non-biliary in 31.8%, and
non-surgical in 45.4%. In our series, following the
same classification, 23.94% of readmissions were
for surgical-biliary reasons, 46.48% for surgical nonbiliary reasons, and 29.58% for non-surgical reasons.
In our series, surgical-non-biliary causes predominated
due to the presence of intra-abdominal abscesses, and
there was a lower rate of readmissions for non-surgical
reasons.
In all likelihood, many of the medical reasons for
readmission included in our study are not related to
the surgical procedure. We wanted to ensure that
our recording of complications was comprehensive,
since there is currently no consensus regarding which
medical reasons for readmission should be included in
this type of study.
Multiple factors have been associated with read
[6,15]
mission after surgery
: age, race, associated
comorbidities, preoperative hospital stay over
seven days, and ICU stay. In the specific case of
cholecystectomy, emergency surgery, the duration
of symptoms and the surgeon’s experience are
[1]
additional factors to be considered . Intraoperatively,
the concept of “difficult cholecystectomy” has been
[16]
described , which may be related to a higher rate
of postoperative complications. Some previous
[17,18]
studies
have sought to establish preoperative and
intraoperative classifications to predict the risks of
complications associated with the procedure, and can
help us to standardize our criteria in this regard.
In our series, the high rate of intra-abdominal
abscesses could be explained by the intraoperative
findings of “difficult cholecystectomy”; we need to
standardize our criteria in this regard. Alternatively,
the presence of these abscesses may be due to the
chronic cholecystitis identified by histology study of all
the specimens analyzed.
The use of a 30 d cutoff point to determine the
rate of readmissions may in fact underestimate
the true incidence of complications and associated
costs. An article published in 2011 on the results
[19]
after liver surgery
found that extending the period
for measuring mortality to 90 d increased the rate
reported by 50%, and since then the trend has been
to measure complications and readmissions 90 d after
hospital discharge. In our series, the use of the 90 d
cutoff point increased the readmission rate from 3.51%
at 30 d to 4.99% at 90 d. This finding mainly reflects
readmissions for biliary pathology, in which eight of the
17 re-hospitalizations reported at our service occurred

Table 2 Overall and comparative results (intraabdominal, biliary,
non-surgical subgroups) of readmission after cholecystectomy
at 30 and 90 d, at University Hospital of Guadalajara, Spain,
between 2011 and 2015
Global
Readmissions
71
Age (yr ± DS)
68.9 ± 15.7
ASA
10
ASA Ⅰ
ASA Ⅱ
24
ASA Ⅲ
31
ASA Ⅳ
6
Reason for
cholecystectomy
Cholelithiasis
44
Cholecystitis
22
Polyps
2
Others
3
Time for
8 (1-88)
readmission
(median, range)
More than 30 d
29.58%
(21/71)

Intraabdominal
abscess
18 (25.35%)
69.42 ± 14.6

Surgicalbiliary

Non-surgical

17 (23.94%) 21 (29.58%)
65.58 ± 17.5 73.48 ±16.6

2
6
9
1

4
8
5
0

2
5
10
4

14
2
1
1
6.5 (1-42)

10
6
1
0
29.5 (2-81)

9
11
0
1
10 (1-88)

11.11%
(2/18)

47.06%
(8/17)

33.33%
(7/21)

overall and comparatively in the sub-groups divided
according to reason for readmission (intra-abdominal
abscess, surgical-biliary and non-surgical) are shown
in Table 2.

DISCUSSION
Due to the high prevalence of biliary pathology,
laparoscopic cholecystectomy is one of the most
frequent surgical procedures.
In one of the few articles published in the
[13]
literature, Rana et al
analyzed re-hospitalizations
at 30 d after laparoscopic procedures and found an
overall readmission rate of 5.9%. Surgical reasons
(54.4%) were the most frequent cause, and 50% of
re-hospitalizations occurred in the first week. These
figures are slightly higher than the ones obtained
in our series, which also includes open surgery and
conversions (3.51% at 30 d and 4.99% at 90 d).
Studying readmissions at 90 d after laparoscopic
[14]
cholecystectomy, Down et al
observed a rate closer
to ours (4.3%); however, those authors analyzed
only laparoscopic procedures and excluded causes
of readmission such as urinary tract infection,
thoracic pain or gastritis, which we included in our
series under the heading of non-surgical reasons. An
analysis with a mean follow-up of four years after
[4]
elective laparoscopic cholecystectomy found an
overall rate of readmissions of 6.6%, with the highest
proportion being recorded during the first six weeks
after discharge; however, in that study patients with
cholecystitis of more than 48 h of evolution were
excluded.
In order to be able to compare results, then,
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between 30 and 90 d post-surgery.
Currently most studies of complications after major
surgery use 90 d as a time limit. Cholecystectomy is
a common procedure with a low complication rate,
but we think that the use of a 90-d limit is necessary
to standardize criteria in morbidity studies. At present
few studies of cholecystectomy use this criterion.
The aim of our study was to determine the rate of
readmissions after cholecystectomy and to identify the
reasons for re-hospitalization. Prospective studies are
now needed to analyze the risk factors that increase
this rate. It is also important to assess the impact
of readmission on overall cost. At present, there are
no consensus criteria for defining preventability;
the retrospective nature of our study does not allow
us to give a uniform definition of this concept, and
prospective studies are needed to be able to do so
reliably
In conclusion, the rate of readmissions following
a surgical procedure is an important indicator of
the quality of care. This paper is one of the first to
analyze readmissions after elective or emergency
cholecystectomy (both laparoscopic and open) at 90
d. Prospective studies recording intraoperative findings
are now needed in order to identify factors that may
predict readmissions.
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Core tip: Elimination of the hepatitis B surface antigen
is the ultimate goal of antiviral therapy; however,
this goal is rarely achieved. Complete suppression
of hepatitis B virus (HBV) DNA is the current goal of
antiviral therapy. Early determination of patients who
are not likely to respond to chronic antiviral therapy
may help providers make appropriate, timely changes.
This study demonstrated a 100% complete DNA
response and approximately 50% hepatitis B envelope
antigen seroconversion at week 96 when the HBV DNA
was suppressed to < 10 IU/mL at week 24. For patients
who do not achieve HBV DNA < 10 IU/mL at week 24,
add-on or alternative therapies should be considered.

Abstract
AIM
To investigate whether hepatitis viral DNA load at 24
wk of treatment predicts response at 96 wk in patients
with chronic hepatitis B.

Fu XY, Tan DM, Liu CM, Gu B, Hu LH, Peng ZT, Chen B,
Xie YL, Gong HY, Hu XX, Yao LH, Xu XP, Fu ZY, He LQ, Li
SH, Long YZ, Li DH, Gu JL, Peng SF. Early hepatitis B viral
DNA clearance predicts treatment response at week 96. World J
Gastroenterol 2017; 23(16): 2978-2986 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i16/2978.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i16.2978

METHODS
A total of 172 hepatitis B envelope antigen (HBeAg)positive chronic hepatitis B patients who received initial
treatment at 16 tertiary hospitals in Hunan Province,
China were enrolled in this study. All patients received
conventional doses of lamivudine and adefovir dipivoxil,
telbivudine, entecavir dispersible tablets, or entecavir
tablets for 96 wk. Patients who used other antiviral
drugs or antitumor and immune regulation therapy
were excluded. Patients were stratified into three
groups according to their viral DNA load at 24 wk: < 10
3
3
IU/mL (group 1), 10-10 IU/mL (group 2), and > 10
IU/mL (group 3). Correlations of 24-wk DNA load with
HBeAg negative status and HBeAg seroconversion at
96 wk were analyzed. Receiver operating characteristic
curve analysis was used to test the predictive value of
the HBV DNA load at 24 wk for long-term response.

INTRODUCTION
Hepatitis B virus (HBV) infection is a pandemic disease.
Although effective and safe immunization to prevent
HBV infection is available, hepatitis B continues to
pose a major threat to human health worldwide. An
estimated 350 million or more people have had chronic
[1-3]
HBV infection
. Those who suffer from chronic
hepatitis B are at higher risk of developing cirrhosis,
hepatic decompensation, and hepatocellular carcinoma
(HCC). Host immune response against HBV, such
as cytotoxic T lymphocyte (CTL)-associated chronic
inflammation during chronic infection, can also lead to
cirrhosis and liver dysfunction. It was estimated that
about one million deaths due to liver failure, cirrhosis,
[2]
and HCC caused by HBV infection occur every year .
Effective antiviral therapy can slow the progression
of cirrhosis and reduce the risk of HCC in patients with
[4]
chronic hepatitis B . The European Association for
the Study of the Liver has published clinical practice
[5]
guidelines for treatment of chronic hepatitis B, and an
Asian-Pacific consensus statement on the management
[6]
of chronic hepatitis B has been published . Despite
these pronouncements, universal agreement for the
treatment of chronic hepatitis B has not been achieved.
Orally administered nucleoside (acid) analogues
strongly inhibit HBV and have a low rate of treatment

RESULTS
The rates of conversion to HBeAg negative status and
HBeAg seroconversion rates were 53.7% and 51.9%,
respectively, in group 1; 35.21% and 32.39% in group
2; and 6.38% and 6.38% in group 3. The receiver
operating characteristic curves for the three subgroups
revealed that the lowest DNA load (< 10 IU/mL) was
better correlated with response at 96 wk than a higher
3
DNA load (10-10 IU/mL). Nested PCR was used for
amplifying and sequencing viral DNA in patients with
a viral DNA load > 200 IU/mL at 96 wk; resistance
mutations involving different loci were present in 26
patients, and three of these patients had a viral DNA
3
load 10-10 IU/mL at 96 wk.
CONCLUSION
Hepatitis B viral DNA load at 24 wk of antiviral
treatment in patients with chronic hepatitis B is a
predictor of the viral load and response rate at 96 wk.
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discontinuation because of adverse events; thus, the
drugs have been extensively used in clinical practice.
Lamivudine is an antiretroviral drug that is used to
prevent and treat human immunodeficiency virus
(HIV) infection. It is also used to treat chronic hepatitis
B. Since the United States Food and Drug Administra
tion (FDA) approved lamivudine in 1999, adefovir,
entecavir, tenofovir, and telbivudine have become
[7-10]
available for treatment of chronic HBV infection
.
Two double-blind randomized trials found that tenofovir
disoproxil fumarate was superior to adefovir. Based
on these results, the United States FDA approved
tenofovir also for use in the treatment of chronic
hepatitis B. However, the optimal course of nucleoside
analogue therapy remains uncertain. Moreover, drug
resistance may develop after long-term administration
of nucleoside analogues. Other therapeutic strategies,
such as pegylated interferon-alpha and polymerase
inhibitors, have been recommended, but their effec
tiveness is limited to only a subset of patients. Studies
on improvements of current therapies, as well as
to identify early indicators that predict the longterm effects, may help to optimize the treatment
[11]
effectiveness .
The ultimate goal of treatment of HBV infection
would be functional cure, meaning a similar life
expectancy of chronic HBV patients to that of patients
who have self-resolution of their infection. As this
clinical outcome cannot be measured in the short
[10]
term, Liang et al proposed apparent virological cure,
which is based on the stable off-drug suppression of
HBV viremia and antigenemia, and normalization of
alanine aminotransaminase (ALT) and other laboratory
tests. It was suggested that virological cure should
be the goal of future therapies in all patients with
chronic HBV infection. Hepatitis B envelope antigen
(HBeAg) is an independent indicator of active viral
DNA replication. It is directly correlated with disease
progression to advanced stages such as cirrhosis and
HCC. Therefore, sustained HBeAg seroconversion
is a satisfactory result after treatment of HBeAgpositive chronic hepatitis B, and it is associated with
[5,6]
improved long-term prognosis
. A rapid decline
in hepatitis B surface antigen (HBsAg) and HBeAg
titers during treatment implies a high rate of HBeAg
seroconversion, as has been documented with
[12,13]
interferon treatment
. These features are valuable
in predicting the therapeutic effects in chronic HBV
infection. However, very few studies using nucleoside
(acid) analogue therapy have reported correlations
between the changes in HBsAg and HBeAg titers and
[8,14]
seroconversion of HBeAg
.
[8,10]
Some authors
have proposed that patients
with an undetectable HBV DNA level after the first
24 wk of antiviral therapy could have high HBeAg
seroconversion rates and low drug resistance. Due to
the lack of adequate data regarding these markers,
no cutoff standards have been set. The sensitivity of
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the HBV test in patients with chronic hepatitis B has
also been called into question. According to the clinical
management guidelines of the European Association
[5]
for the Study of the Liver Diseases for chronic
hepatitis B, a highly sensitive HBV DNA test should
be lower than the lowest detection limit of real-time
[5]
quantitative PCR (10-15 IU/mL) .
In this study, we aimed to further determine the
response of chronic hepatitis B to antiviral treatment
by using a highly sensitive HBV DNA detection kit (lower
limit of detection < 10 IU/mL). Specifically, we wished
to determine whether the hepatitis B viral DNA load at
24 wk of antiviral treatment is an accurate predictor of
the viral load and HBeAg seroconversion rate at 96 wk,
and whether our results with a more sensitive assay
would differ from previously reported results.

MATERIALS AND METHODS
Study design and population

Between December 2013 and March 2014, 172
consecutive HBeAg-positive patients who were newly
diagnosed with chronic hepatitis B and received initial
treatment at 16 tertiary hospitals in Hunan Province,
China were enrolled in this prospective observational
study. All patients were advised that they would
have long-term and regular medication use and
regular follow-up, and that there was the possibility
of developing viral resistance and having adverse
reactions to the drugs. All patients signed written
informed consent forms before the start of treatment.
This study was performed in accordance with the
Declaration of Helsinki and approved by the Medical
Ethics Committee of Xiangya Hospital, Central South
University, Hunan, China. Baseline HBV DNA of all
6
patients was ≥ 10 IU/mL, and ALT values were ≥ 2
upper limit of normal (ULN).
The following inclusion criteria were applied:
patients met the diagnostic criteria for chronic hepatitis
B, had no previous use of any anti-HBV drugs or
other antiviral agents, had ALT values > 2 ULN, had
6
HBV DNA > 10 IU/mL, and did not have clinically
decompensated liver cirrhosis. The following patients
were excluded: patients with other hepatotropic viral
infections such as hepatitis C and hepatitis D, those
with HIV infection, and those who used other antiviral
drugs or antitumor and immune regulation therapy.

Treatment

Patients were given individualized antiretroviral
regimens based on the recommendations in the
[5]
guideline and their disease conditions and financial
situations, including conventional doses of one
of the following treatments for 96 wk: 100 mg/d
lamivudine (LAM; GlaxoSmithKline, United Kingdom);
10 mg/d adefovir dipivoxil (ADV; Chia Tai Tianqing
Pharmaceutical Group Co., Ltd., Jiangsu Province,
China); 600 mg/d telbivudine (LdT, Novartis, Basel,
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Switzerland) once daily; 0.5 mg/d entecavir dispersible
tablets (ETV; Chia Tai Tianqing Pharmaceutical Group
Co., Ltd.); or 0.5 mg/d entecavir tablets (ETV; BistrolMyers Squibb, New York, NY). In patients who received
telbivudine (33 patients), the regimen was adjusted
according to the response-guided therapy to optimize
the treatment as follows: if HBV DNA was greater than
300 IU/mL at 24 wk, adefovir dipivoxil was added to
the regimen; this adjustment was made in 11 patients.

was approximately 650 bp. Positive PCR products were
sequenced by Sangon Biotech (Shanghai) Co., Ltd.
(Shanghai, China) using an ABI 3730xl DNA Analyzer.

Statistical analysis

SPSS 18.0 (SPSS, Chicago, IL) software was used for
statistical analyses. Continuous quantitative data are
presented as the means ± SD. Student’s t test was
used for comparisons between groups. Chi-square
2
(χ ) test was used for comparison of categorical data.
Multivariate logistic regression was used to analyze
correlations between clinical characteristics and the
occurrence of conversion to HBeAg negative status/
HBeAg seroconversion at 96 wk. Receiver operating
characteristic (ROC) curve analysis was used to
test the prediction value of viral DNA load at 24 wk
for long-term response. P < 0.05 was considered
statistically significant. Statistical review of the study
was performed by a biomedical statistician from Public
Health of Xiangya Medicine College.

Clinical and laboratory data collection

ALT, HBV DNA, HBsAg, HBeAg, and anti-HBe were
measured in each patient before treatment and at
24, 48, 72, and 96 wk after treatment. An automated
biochemical analyzer (Olympus AU640, Olympus,
Japan) was used for the measurement of ALT. A
chemiluminescent microparticle immunoassay (Abbott
i2000, AltaVista, VA, United States) was used to detect
HBsAg, HBeAg, and anti-HBe. Real-time fluorescencebased quantitative PCR was used to detect HBV DNA
in a gene amplification laboratory authenticated by the
Ministry of Health, China. Highly sensitive magnetic
bead-based detection reagent was purchased from
Hunan Shengxiang Biotechnology Co., Ltd (Northeast
Gate, Hunan Province, China). The lower limit of
detection with this reagent kit is 10 IU/mL, with
comparable sensitivity and specificity to those with
the COBAS TaqMan HBV assay for HBV DNA detection
[15,16]
(Roche)
. A real-time PCR 7500 system was
purchased from Applied Biosystems Inc. (Carlsbad,
CA). The reference range of ALT was 0-40 U/L. HBsAg
> 0.05 IU/mL, HBeAg > 1.0 s/co, and HBeAb < 1.0
s/co were considered positive results. Normalization
of ALT was considered a biochemical response. The
lowest detection limit of HBV DNA was < 10 IU/mL,
3
and HBV DNA < 10 IU/mL was considered a complete
virological response.

RESULTS
Baseline characteristics in patients before antiviral
therapies

A total of 243 patients were enrolled in this study,
of whom 172 were followed for 96 wk, and 71 were
lost to follow-up. Thus, a total of 172 patients were
included in the statistical analyses. Baseline clinical
data of the 172 patients are given in Table 1. Patients
were divided into three groups on the basis of their
HBV DNA values at 24 wk: <10 IU/mL (group 1),
3
3
10-10 IU/mL (group 2), and >10 IU/mL (group 3).
No significant differences in age, ALT values, HBV,
HBsAg, or HBeAg were found. The ratio of male to
female patients appeared higher in groups 1 and 2
than in group 3, but the difference was not statistically
significant. Moreover, we performed a correlation
analysis of gender and low viral DNA load at 24 wk
and found no correlation (P = 0.833).

DNA sequencing

Detection of drug-resistance loci was carried out in
each patient before the administration of antiviral
therapy. At 96 wk of treatment, patients with HBV
DNA > 200 IU/mL were selected for nested PCR,
using their DNA as templates for detecting the
presence of anti-drug mutations via PCR product
sequencing. Primer sequences for amplification were
A1: 5’-GCGGGGT TTTTCTTGTTGA-3’ (203-221), A2:
5’-CGGGCAACGGGGTAAAGGTTC-3’ (1158-1138), B1:
5’-CTTGTCCTCCAATTTGTCCT-3’ (345-364), and B2:
5’-ACATACTTTCCAATCAATAG-3’ (990-971). Primers
A1 and A2 were used in the first round of PCR, and
primers B1 and B2 were used in the second round.
Reaction conditions of PCR were denaturation at 94 ℃
for 3 min, followed by 35 cycles of 94 ℃ for 30 s,
55 ℃ for 30 s, and 72 ℃ for 60 s, and subsequently,
a final extension at 72 ℃ for 5 min. After PCR, 5 µL
PCR product from each sample was separated by 2%
agarose gel electrophoresis. Amplified DNA fragment
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Correlation between long-term treatment response with
HBV DNA levels at 24 wk

Treatment response-related variables were compared
among patients grouped according to the 24-wk
DNA load. As shown in Table 2, the rates of ALT
normalization at 24 wk were as follows: group 1,
94.4%; group 2, 85.9%; and group 3, 40.4%. At
96 wk, the ALT normalization rates were: group 1,
100%; group 2, 93.0%; and group 3, 51.1%. Patients
3
with HBV DNA < 10 IU/mL at 24 wk had significantly
higher ALT return-to-normal rate at 96 wk than other
patients (P < 0.01).
Table 3 illustrates the correlation between the HBV
DNA levels at 24 wk and the DNA response at 96 wk.
Thus, 50 of the 54 (90.7%) group 1 patients had <
10 IU/mL DNA at 96 wk, and 100% were considered
3
to have a complete response (< 10 IU/mL). In

2981

April 28, 2017|Volume 23|Issue 16|

Fu XY et al . HBV DNA clearance
Table 1 Baseline clinical data of patients before treatment
P value

DNA expression level at 24-wk (IU/mL)
3

< 10
Number of cases
Gender (male/female)
Age (yr)
ALT (U/L) median (range)
AST (U/L)
PLT (109/L)
Total bilirubin (µmol/L)
Albumin (g/L)
HBV DNA (log10 IU/mL)
HBsAg (log10 IU/mL) median (range)
HBeAg (s/co) median (range)

54
39/16
37.79 ± 8.68
333 (80-897)
206.73 ± 133.09
203.02 ± 70.16
12.19 ± 4.07
43.12 ± 8.24
7.37 ± 0.49
3.78 (2.98-5.46)
303.78 (1.32-5663.42)

24 wk
96 wk

3

94.40%
100%

85.9%
93.0%

40.4%
51.1%

HBV DNA
below detection
(< 1000 IU/mL
as a reference)
ALT
normalization
rate
Rate of
conversion to
HBeAg negative
status
HBeAg
seroconversion
rate

ALT: Alanine aminotransaminase.

Table 3 DNA expression at 24 wk and DNA response at 96 wk
24-wk
DNA
(IU/mL)
< 10
10-103
> 103

DNA response at 96 wk (IU/mL)
3

< 10

10-10

DNA
complete
response rate

No response
3
(> 10 )

100.00%
85.92%
31.92%

0
14.08% (10/71)
68.08% (32/47)

90.74% (50/54) 9.26% (5/54)
64.79% (46/71) 21.13% (15/71)
4.26% (2/47) 27.66% (13/47)

DNA expression level at 24 wk (IU/mL)
< 10

3

10-10

P value

3

0.012

0.017

comparison, 85.9% of the group 2 patients had a
complete response at 96 wk, and only 31.9% of the
group 3 patients had a complete DNA response.
Table 4 illustrates the correlation between the
DNA expression at 24 wk and HBeAg conversion at
96 wk. At 96 wk, the HBeAg negative conversion
and seroconversion rates in group 1 were 53.7% and
51.9%, respectively, whereas these values in group 2
were 35.2% and 32.4%, respectively. At 96 wk, only
3 of 47 patients (6.38%) in group 3 exhibited HBeAg
negative conversion and seroconversion.

WJG|www.wjgnet.com

66.67%

79.66%

78.13%

0.089

81.25%

75.76%

86.44%

85.94%

0.096

31.25%

36.36%

35.59%

34.38%

0.615

25.00%

33.33%

32.20%

31.25%

0.203

In order to determine whether the potency of
nucleosides could have caused differences in viral
suppression, we examined the anti-viral efficacies
of different drugs. As illustrated in Table 5, of 54
patients with HBV DNA < 10 IU/mL at 24 wk, 5
(5/16 = 31.25%) received LAM + ADV, 9 (9/33 =
27.27%) received telbivudine, 21 (21/59 = 35.59%)
received entecavir tablets, and 20 (20/64 = 31.25%)
received entecavir dispersible tablets. No significant
differences were found among different treatment
groups with regard to HBV DNA below detection limits,
ALT normalization rate, rate of conversion to HBeAgnegative status, and HBeAg conversion rate at 94 wk (P
= 0.127).

> 10

Rate of
53.70% (29/54) 35.21% (25/71) 6.38% (3/47)
conversion to
HBeAg negative
status
HBeAg
51.85% (28/54) 32.39% (23/71) 6.38% (3/47)
conversion rate

68.75%

LAM: Lamivudine; AVD: Adefovir; ALT: Alanine aminotransferase.

Table 4 DNA expression at 24 wk and HBeAg response at
96 wk
HBeAg response
at 96 wk

0.108
0.181
0.212
0.323
0.109
0.791
0.838
0.785
0.801
0.206

Virological
LAM + Telbivudine Entecavir Entecavir P value
parameter at 96
ADV
tablets dispersible
wk
tablets

3

> 10

47
26/21
35.82 ± 10.08
319 (82-965)
177 ± 109.85
176.86 ± 62.03
9.08 ± 100.75
42.29 ± 7.29
7.26 ± 0.37
3.49 (3.04-5.66)
230.32 (1.65-6288.83)

Table 5 Treatment efficacies of various antiviral therapies

DNA expression level at 24-wk (IU/mL)
10-10

> 10

71
59/12
39.33 ± 6.92
367 (84-813)
183 ± 147.19
263.33 ± 96.15
11.26 ± 6.33
45.39 ± 7.15
7.59 ± 0.63
3.66 (3.03-5.71)
179.79 (1.92-6558.76)

Table 2 Rates of alanine aminotransaminase normalization
according to 24-wk DNA load

< 10

3

10-10

ROC curve analysis

ROC curve analysis was conducted for each group to
determine the predictive values of viral DNA load at 24
wk for HBeAg negative conversion or seroconversion
at 96 wk (Figure 1, Table 6). The area under the curve
in patients with < 10 IU/mL HBV DNA was 0.869,
which was significantly larger than that in patients with
3
3
10-10 IU/mL (0.797) and in patients with > 10 IU/mL

2982

April 28, 2017|Volume 23|Issue 16|

Fu XY et al . HBV DNA clearance
Table 6 Predictive value of DNA load for treatment response at 96 wk in the three different groups (according to DNA load at 24 wk)
Group

AUC

95%CI

Sensitivity

Specificity

PPV

NPV

< 10 IU/mL
< 1000 IU/mL
> 1000 IU/mL

0.869
0.797
0.505

0.778-0.960
0.684-0.883
0.344-0.656

84.76%
72.00%
66.67%

87.30%
82.78%
45.45%

74.09%
64.18%
34.37%

93.04%
87.34%
76.09%

Sensitivity

A

ROC
1.0

Table 7 Drug-resistant mutations in 26 cases of chronic
hepatitis B virus infection

0.8

Number of cases
1
1
1
1
1
1
1
1
1
1
1
2
2
3
4
4

0.6
0.4
0.2
0.0

B

0.0

  0.2

0.4
0.6
1 - specificity

0.8

1.0

ROC
1.0

Resistance mutation
rtM204I/V + rtN236T + rtS202G
rtL180M + rtS202G + rtM204I/V + rtN236T
rtM204I/V + rtN236T
rtAl81V + rtM204I/V + rtN236T
rtM204I/V
rtAl81V + rtN236T + rtS202G
rtAl81V + rtM204I/V
rtL180M + rtAl81V + rtM204I/V + rtN236T
rtAl81V + rtM204I/V + rtS202G
rtAl81V + rtM204I/V + rtN236T
rtL180M + rtM204V
rtM204I + rtN236T
rtL180M + rtAl81V + rtM204I/V + rtN236T + rtS202G
rtM204I + rtN236T
rtN236T
rtAl81V + rtM204I/V + rtN236T + rtS202G

0.8

Sensitivity

3

0.4

DNA sequence analysis

Patients with > 200 IU/mL HBV DNA at 96 wk under
went nested PCR for amplification and sequencing
(Table 7). Various loci of drug-resistance mutations
(mainly rtM204I/V, rtN236T, rtL180M, rtAl81V, and
rtS202G) were present in 26 patients, of whom three
3
had 10-10 IU/ml HBV DNA at 24 and 96 wk. Thus,
in a small number of patients, persistence of modest
HBVDNA levels may be the reflection of drug-resistant
mutations.

0.2
0.0

C

3

among patients with 10-10 or > 10 IU/mL DNA at 24
wk.

0.6

0.0

  0.2

0.4
0.6
1 - specificity

0.8

1.0

ROC
1.0

Sensitivity

0.8

DISCUSSION

0.6

Results in this study revealed a correlation between
HBV DNA loads at 24 wk and the HBV DNA and HBeAg
responses at 96 wk: Patients with a very low HBV DNA
load (<10 IU/mL) at 24 wk had a 100% complete
DNA response at 96 wk compared with a complete
response rate in about one-third of patients who had
3
a DNA load > 10 IU/mL at 24 wk. Similarly, HBeAg
negative conversion and seroconversion rates were
more favorable in patients with very low HBV DNA
loads at 24 wk than in those with higher DNA loads;
the conversion rate was approximately 50% at 96 wk
in patients with a DNA load < 10 IU/mL, whereas it
was approximately 6% in those with a DNA load >
3
10 IU/mL. ALT values also declined in relation to the
DNA viral load at 24 wk, but the values did not change
significantly between 24 and 96 wk, which may reflect

0.4
0.2
0.0

0.0

  0.2

0.4
0.6
1 - specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve analysis. The area under
the curve is 0.869 in patients with < 10 IU/mL hepatitis B virus DNA (A), 0.797
in patients with 10-103 IU/mL DNA (B), and 0.505 in patients with > 103 IU/mL.

(0.505). These results suggest that the predictability
of efficacy of HBV antiviral treatment at 96 wk was
better among patients with < 10 IU/mL HBV DNA than
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[18]

decreasing hepatic inflammatory activity in the earlier
stages of HBV antiviral treatment but not later. ROC
curve analysis revealed that the predictability of twoyear antiviral treatment efficacy was better in patients
with a low initial DNA load than in patients with a
higher DNA load at 24 wk. Finally, DNA sequence
analysis revealed that some patients who failed to
respond to anti-HBV therapy probably had drugresistant mutations.
Based on treatment indicators at 96 wk, all the
therapeutic agents used in this study (lamivudine plus
ADV, telbivudine, and entecavir) appeared equally
effective in treating chronic hepatitis B (Table 5).
Our findings corroborate and extend the results
of few published studies on the time course of
response of chronic HBV infection to nucleoside
(acidic) analogue therapy. For example, after adefovir
treatment for 24 wk, patients with HBV DNA fewer
than 1000 copies/mL had 40% HBeAg seroconversion
at 52 wk, whereas only 9% of patients whose
24-wk HBV DNA did not reach this value had HBeAg
[9,10]
seroconversion
. Similarly, in the GLOBE study of
HBeAg-positive chronic hepatitis B patients treated
with telbivudine, patients who achieved complete
viral suppression (< 300 copies/mL HBV DNA) at 24
wk had a HBeAg seroconversion rate of 46% at 104
[7]
wk . Thus, HBeAg seroconversion was approximately
50% with HBV DNA detection limit of < 300 or < 1000
copies/mL. In this study, we used a more sensitive
PCR HBV DNA assay, with the lowest limit of detection
of 10 IU/mL, and found that patients with a very low
HBV DNA load (<10 IU/mL) at 24 wk had a 100%
complete DNA response. Further long-term studies are
needed to determine whether these patients will have
longer sustained undetectable levels of HBV DNA and
HBeAg seroconversion. Such studies should attempt
to determine whether viral replication, drug resistance,
and risk of recurrence occur as long as detectable HBV
DNA remains present
Functional cure of chronic HBV infection remains
elusive and is rarely achieved with currently available
[11]
antiviral agents . This situation may be partly due
to the presence of drug-resistant mutations of the
virus and other factors such as intrinsic stability of the
nuclear form of viral genome, the covalently closed
circular DNA, and dysfunctional anti-HBV immune
[11,15]
response of the host
. Our findings indicate that
drug-resistant mutations of the virus are a minor
but important reason for failure of virus eradication,
a finding that is consistent with a previous report in
which approximately 2% of nucleoside/nucleotide
analogue-naïve Chinese patients with chronic hepatitis
[16]
B had drug-resistant HBV .
We are aware of reports that drug resistance can
lead to HCC in chronic hepatitis B patients, and high
[17]
HBV DNA load also can increase the risk of HCC .
If HBV DNA becomes negative or decreased after
treatment, the risk of HCC decreases, and the risk
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of HCC is lower with lower HBV DNA loads . Thus,
failure to convincingly eradiate HBV in all our patients
is a concern, but the magnitude of the risk of HCC
developing is unknown.
Based on our results, when the HBV DNA load is
lower in the early stages of anti-viral treatment, later
outcome is better, and the risk of drug resistance is
lower. Others have reported that if patients are treated
with standard anti-viral medications according to
guidelines and treatment is stopped after successful
[19]
viral response, 44% had virological recurrence
[20]
and 50% had clinical recurrence . The reason for
recurrence is not known, but an important possibility
is that, at the end of treatment, HBV DNA is not
suppressed to an adequate level. We believe that the
lower the HBV DNA load, the better the prognosis.
High-sensitivity HBV DNA detection is useful in
predicting anti-viral efficacy as well as in monitoring
viral replication and recurrence after cessation of
treatment. Patients whose HBV DNA is ≥ 10 IU/mL
should be closely monitored, and drug-resistant loci
tested when necessary, so that the treatment regimen
can be adjusted at an appropriate time.
Our study has some limitations. First, the patient
population was from a specific region of China; further
studies are needed to determine whether the present
results are applicable to broader populations. Second,
there may have been a patient-selection bias, as
financial consideration may have affected the choice of
therapy. Third, patients’ compliance to the prescribed
medications was not assessed; thus, it is possible that
some patients did not respond to therapy because
of noncompliance. Despite the study’s limitations, it
expands our knowledge of the therapeutic response
to chronic HBV infection in a field still filled with
uncertainties about the most efficacious drug regimens
and duration of treatment.
The HBV DNA load at 24 wk of antiviral treatment
appeared to be a valid predictor of the response rate
at 96 wk in patients with chronic hepatitis B. Patients
with a lower DNA load at 24 wk had a low DNA load
and a higher response rate at 96 wk. Similarly, HBeAg
negative conversion and seroconversion rates were
more favorable in patients with very low HBV DNA loads
at 24 wk than in those with higher DNA loads. ROC
curve analysis revealed that the predictability of twoyear antiviral treatment efficacy was better in patients
with a low initial DNA load than in patients with a higher
DNA load at 24 wk. Finally, DNA sequence analysis
revealed that some patients who failed to respond
to anti-HBV therapy probably had drug-resistant
mutations. Results of this study can help in optimizing
antiviral therapy in chronic hepatitis B.
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because of its resistance to treatment and proclivity for progression to
chronic liver disease with serious manifestations. Although effective and
safe immunization to prevent hepatitis B viral infection is available, hepatitis
B virus (HBV) continues to pose a major threat to human health worldwide.
An estimated 350 million people have had chronic HBV infection. Universal
agreement for the treatment of chronic hepatitis B has not been achieved.
Newer medications, i.e., orally administered nucleoside (acid) analogues,
strongly inhibit HBV and have been extensively used in clinical practice.
However, the optimal course of nucleoside analogue therapy remains uncertain.
Moreover, drug resistance may develop after long-term administration of
nucleoside analogues.
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However, this goal is rarely achieved with available antiviral agents. Therapeutic
regimens to reach optimal outcomes are being explored.
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viral DNA present in patients’ blood after 24 wk of treatment with nucleoside
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their possible long-term outcomes. The authors evaluated 172 Chinese patients
who were newly diagnosed with chronic hepatitis B and were treated with
nucleoside analogues. They found that indeed the hepatitis B viral DNA load at
24 wk of antiviral treatment was a valid predictor of the response rate at 96 wk
in patients with chronic hepatitis B. The findings are consistent with but more
extensive than results of few published studies on the time course of response
to treatment of chronic hepatitis B virus infection treated with nucleoside (acidic)
analogues.
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24 wk is adequate or whether treatment for longer than 96 wk will be needed.
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Abstract
AIM
To investigate the effects of Xiangbin prescription
(XBP), a Chinese herbal concoction, on gastrointestinal
motility.

Informed consent statement: All study participants, or their
legal guardian, provided signed informed consent prior to study
enrollment.
Conflict-of-interest statement: All authors declare no conflict
of interest.

METHODS
Forty healthy volunteers were recruited for this
randomized controlled trial of XBP. Antroduodenojejunal
manometry was used to monitor gastrointestinal

Data sharing statement: We share the statistical results at
http://www.chictr.org.cn/searchproj.aspx.
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motility in these subjects. After the subjects had fasted
for at least 12 h, XBP (n = 30) or placebo (n = 10)
was orally administrated and gastrointestinal motility
was recorded for 4 h. Plasma motilin and ghrelin were
measured by enzyme-linked immunosorbent assay.

wjgnet.com/1007-9327/full/v23/i16/2987.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2987

INTRODUCTION

RESULTS
Oral administration of XBP significantly increased the
amplitude of duodenal contractions [19.5 (13.0-26.7)
vs 16.9 (12.3-23.9), P < 0.05], jejunal contractions
[18.3 (15.3-25.0) vs 15.4 (11.7-23.9), P < 0.01], and
the motility index of duodenal contractions [522.0
(146.0-139.0) vs 281.0 (76.5-1006.0), P < 0.01] in
phase Ⅱ of the migratory motor complex (MMC), which
subsequently initiated the MMC cycle [74.0 (30.0-118.0)
vs 116.5 (24.0-219.0), P < 0.05], shortened the
duration of phase I of the MMC [42.0 (0.0-90.0) vs
111.5 (42.0-171.0), P < 0.01], and lengthened the
duration of phase Ⅱ of the MMC [120 (21-240) vs
58 (16-170), P < 0.01] compared to the duration
before XBP administration. There were significant
differences in the amplitude of jejunal contractions [19.8
(14.0-30.0) vs 18.0 (13.0-28.5), P < 0.05], the motility
index of duodenal contractions [236.0 (115.0-306.0)
vs 195.0 (109.0-310.0), P < 0.05)], and jejunal
contractions [214.0 (95.0-403.0) vs 178.0 (55.0-304.0),
P < 0.01] in phase Ⅲ of the MMC. Oral administration
of XBP greatly increased plasma motilin (57.69 ± 9.03
vs 49.38 ± 8.63, P < 0.01) and ghrelin (279.20 ±
104.31 vs 238.73 ± 115.59, P < 0.01) concentrations
compared to concentrations after oral administration of
the placebo.

Many diseases of the digestive system are associated
with disorders of gastrointestinal motility (DGIM), such
as gastroesophageal reflux disease, gastroparesis,
diarrhea, adhesive bowel obstruction, postoperative
ileus, and chronic constipation. DGIM is a worldwide
medical burden that affects about 20%-50% of adults
in the Western world and 60% of adults in China.
Studies on DGIM date back to around a century
ago, but the development of effective and safe drug
[1-3]
treatments for DGIM has always proven challenging ,
and prokinetic drugs for the treatment of DGIM are
still not widely available in China. Migratory motor
complexes (MMC) are waves of electrical activity
observed in the gastrointestinal system during fasting,
which are well characterized by the appearance of
gastrointestinal contractions in the interdigestive
state, and are believed to be physiologically important
[4]
for normal digestive functions ; various studies
have indicated that DGIM is partly associated with
[5-7]
disruptions in MMC rhythm . Antrotroduodenojejunal
manometry is a valuable clinical tool for evaluating
[8,9]
MMC
and has been used to investigate motility
patterns in normal people and patients.
Traditional Chinese medicine (TCM), which is
fully integrated into the modern healthcare system
of China, is characterized by the use of a blend of
several herbal ingredients to treat illnesses based on
patients’ symptoms. Xiangbin Prescription (XBP) is a
TCM concoction created on the basis of TCM theory
[10]
and clinical experience . Clinical studies on using
Chinese herbal medicine for the treatment of DGIM
have shown some efficacy, but many of them lack
standard protocols and objective indicators. Moreover,
the molecular mechanisms underlying the drug action
of Chinese herbal medicine are currently hot topics of
research in TCM.
Motilin and ghrelin are gastrointestinal hormones
that play major roles in regulation of gastrointestinal
[11,12]
motility
, but the possible effects of XBP on these
hormones have not been reported.
In this study, we conducted a randomized, placebocontrolled, double-blind study to assess the effects of
XBP on a variety of gastrointestinal motility variables
monitored using antroduodenojejunal manometry
and plasma motilin and ghrelin levels. This provided a
comprehensive, objective evaluation of the effects of
XBP on gastrointestinal motility.

CONCLUSION
XBP can stimulate duodenal and jejunal motility and
increase the concentrations of plasma motilin and
ghrelin. The clinical applicability of XBP in treating
GDIM deserves investigation.
Key words: Antrotroduodenojejunal manometry;
Gastrointestinal motility; Migrating motor complex;
Xiangbin concoction; Motilin; Ghrelin
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Disorders of gastrointestinal motility are
heavy medical burdens to patients and the society,
and development of effective and safe drug treatments
for these disorders has proven challenging. Xiangbin
prescription is an effective prokinetic Chinese herbal
concoction. The core of this randomized, doubleblind study is to investigate the effects of Xiangbin
prescription on gastrointestinal motility in 40 healthy
volunteers.
Jiang Z, Cao LX, Liu B, Chen QC, Shang WF, Zhou L, Li DY,
Guo DA, Chen ZQ. Effects of Chinese herbal medicine Xiangbin
prescription on gastrointestinal motility. World J Gastroenterol
2017; 23(16): 2987-2994 Available from: URL: http://www.
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Ethical approval

All study procedures were approved by the Ethical
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Total screened: n = 49

boiled on a heater for 60 min before being passed
through a paper filter. The herbs were provided by
Kangmei Pharmaceutical Co., Ltd. Two hundred mil
liliters of filtrated Xiangbin concoction were sterilely
packed. The placebo consisted of licorice powder (2 g),
caramel powder (0.2 g), bitterant (0.1 g) and starch
[7]
(3 g) . Two hundred milliliters of placebo concoction
were prepared by the same method as XBP and had
the same color and smell. The above ingredients
were used for placebo because: (1) literature search
showed no reports of licorice and bitterant having a
measurable effect on gastroduodenal movements;
and (2) preliminary experiments using these placebo
ingredients in healthy volunteers showed no significant
effect on gastrointestinal motility compared with 0.9%
saline.

Excluded: n = 9
Withdrawn because of
intolerance of intubation (n = 4)
Unwilling to continue until the
end of study (n = 5)

Included: n = 40

Randomized: (1:3)

XBP group: n = 30

Placebo group: n = 10

Figure 1 Flow diagram of patient selection. XBP: Xiangbin prescription.

Antroduodenojejunal manometry

Antroduodenojejunal manometry was performed
with a Solar GI HRM-High Resolution manometer
with a 21-channel silicone water-perfused catheter
(Enschede, the Netherlands) after subjects had
fasted overnight for at least 12 h. The 21-channel
catheter was connected to capillaries, then each
channel was perfused with water at a rate of 0.3
mL/min. The pressure curve was converted into digital
data. The participants laid in a lateral position, and
the catheter was inserted into the duodenum under
fluoroscopic guidance. After the catheter was fixed,
antroduodenojejunal manometry was performed in all
participants for 4 h under fasting conditions, followed
by the administration of 200 mL XBP or placebo at
phase Ⅰ when the pressure curve was steady with no
strong contractions. Antroduodenojejunal manometry
was recorded for 4 h after administration of XBP or
placebo.

Committee of the Second Affiliated Hospital, Guangzhou
University of Chinese Medicine. Written informed
consent was obtained from all volunteers, and the study
conformed to the ethical principles set forth by the
Declaration of Helsinki.

Participants

This study was conducted from October 2013 to
December 2014 at the Second Affiliated Hospital of
Guangzhou University of Chinese Medicine. Forty
healthy volunteers were recruited by the first author
and randomly assigned to a control (placebo) group (n
= 10) or an XBP group (n = 30) by the second author,
which can be seen in the flow diagram illustrated in
Figure 1. A third party was responsible for double blind
implementation. The randomization number was put in
an envelope, and the same number was affixed to the
envelope. The investigator did not know which group
the subject would be in, and the color, appearance
and drug packets were identical. The subjects of this
study had no medical history of gastrointestinal or
chronic diseases, psychological disorders, regular
use of medications, or the use of a gastrointestinal
prokinetic agent for more than one week before study.
Participants were asked to stop drinking tea, coffee,
and alcohol for at least 12 h and to stop smoking
cigarettes for at least 1 h before testing. All volunteers
underwent electrocardiographic examination as well as
hepatic and renal function tests before and after the
experiment.

Gastrointestinal motility variables

MMC, which is well characterized by the periodic
appearance of gastrointestinal contractions in the
[13,14]
interdigestive state
, consists of four phases.
Phase Ⅰ is a quiescent period with no or few con
tractions. Phase Ⅱ consists of intermittent and
irregular low amplitude contractions. Phase Ⅲ consists
of short bursts of regular high amplitude contractions
(3-5 contractions per minute in the stomach; 10-12
contractions per minute in the duodenum). Phase Ⅳ
is a short transition period back to the quiescence of
phase Ⅰ. Only a pressure fluctuation more than 10
[9,15]
mmHg is designated a contraction
. The full cycle
of the MMC was measured from the end of the first
MMC phase Ⅳ to the end of the second MMC phase
Ⅳ. The duration of the MMC was measured from
the beginning of the MMC phase Ⅲ to the end of the
same MMC Ⅲ phase. Motility index (MI; mmHg/min)
was quantified according to the contraction amplitude
(mmHg) × the number of contractions per minute.
The baseline gastrointestinal motility variables were

Preparation of XBP and placebo

XBP is a mixture of five crude herbs: 6 g of amomum
villosum lour, 10 g of lindera aggregate (Sims)
kosterm, 10 g of prunus persica, 9 g of panax ginseng,
and 10 g of aeca catechu to produce a 200-ml
concoction, prepared by use of a TCM protocol. Briefly,
the weighed herbs and 500 mL of tap water were
placed in a heat-resistant glass pot with a lid and
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and 30 participants received XBP. No participants were
lost from the study, and data were collected from all
participants and analyzed. There were no statistical
differences in gender, age, or BMI between subjects
who received XBP and those who received placebo.
All catheters were successfully positioned, and a
full MMC cycle was recorded in each subject. There
were no differences in baseline motility variables
between the two groups. The average duration of one
complete MMC cycle for all subjects combined was
96 min; the average duration of phase Ⅰ was 43 min,
phase Ⅱ 38 min, phase Ⅲ 4 min, and phase Ⅳ 11
minutes. Distal stomach contractions of phase Ⅲ were
regular and strong at 2-3 contractions per minute,
with an amplitude of more than 40 mmHg. Phase
Ⅲ contractions in the duodenum and jejunum had a
frequency of 10-12 contractions per minute.

Table 1 Demographic characteristics of the XBP and placebo
groups

Gender (n)
Male
Female
Age (mean ± SD)
BMI (mean ± SD)

XBP
(n = 30)

Placebo
(n = 10)

21
9
24.1 ± 2.20
20.6 ± 2.11

5
5
24.0 ± 2.00
20.7 ± 1.65

t

P value

0.677
0.073
-0.039

0.536
0.969

XBP: Xiangbin prescription; BMI: Body mass index.

defined according to internationally recognized, unified
conceptual descriptions in the gastrointestinal motility
[16]
field .
The pressure curve was recorded by Solar GI HRMHigh Resolution Manometry (Medical Measurement
System software, MMS). This software can auto
matically save all original data regarding pressure
curves and gastrointestinal motility indicators and
general information about the volunteers; calculations
can be completed with this software. The total MMC
cycles, the mean MMC cycle duration, the duration of
phase Ⅰ and phase Ⅱ, and the duration of the MMC
of the distal stomach, duodenum and jejunum, mean
contraction frequency, amplitude, and MI of phase Ⅱ
and phase Ⅲ were recorded.

Effects of XBP or placebo on gastrointestinal motility

The effects of XBP or placebo on the gastrointestinal
motility variables are illustrated in Table 2 and Figure 2.
Before the administration of either placebo or XBP, the
motility variables in the two groups of subjects were
similar (p > 0.05). Also, the administration of placebo
had no significant effect on these measurements.
After the administration of XBP, the MMC cycle
became 36% shorter [116.5 (24.0-219.0 min) to 74
(30.0-118.0 min)], the duration of phase Ⅰ became
49% shorter [82.5 (25.0-180 min) to 42.0 (0.0-90.0)
min], and phase Ⅱ became 140% longer [50.0
(15.0-134.0) to 120.0 (21.0-240.0) min] (P < 0.05).
In the distal stomach, the duration, frequency, and
amplitude of phase Ⅲ increased slightly after the
administration of XBP but did not reach statistical
significance (P > 0.05), and the MI decreased slightly.
In the duodenum, the duration, contraction frequency,
and MI of phase Ⅲ increased by 12.5%, 2%, and
7%, respectively (P < 0.05). After the administration
of XBP, in the jejunum, the duration, amplitude, and
MI of phase Ⅲ increased by 7%, 10%, and 20%,
respectively (P < 0.05); the amplitude of phase Ⅱ in
the duodenum and jejunum increased by 15% and
19%, respectively (P < 0.05); and the MI of phase
Ⅱ in the duodenum and jejunum increased 86% and
114%, respectively (P < 0.05). Oral administration of
XBP significantly increased the amplitude (15%) and
MI (mmHg/30 min) (176%) (P < 0.05), subsequently
shortened the MMC cycle (32%, P < 0.05) and the
duration of phase Ⅰ (165%), and lengthened the
duration of phase Ⅱ (52%) compared to placebo
values (P < 0.01). Differences in the amplitude of
phase Ⅲ in the distal stomach (increased by 65%,
P < 0.05), in the MI of phase Ⅲ in the duodenum
(increased by 22%, P < 0.05), and in the amplitude
(increased by 8%, P < 0.05) of phase Ⅱ and MI
(mmHg/30 min) (increased by 158%, P < 0.01) in the
jejunum were observed between the XBP and placebo
groups.

Measurement of plasma motilin and ghrelin

Venous blood was collected 15 min before and after
oral administration of XBP or placebo and immediately
centrifuged at 3000 rpm at 4 ℃. Plasma aliquots
were frozen at -80 ℃ until analysis. Plasma motilin
concentrations were measured by the use of human
Motilin (MTL) ELISA Kit (Wuhan Huamei Biotech
Co., Ltd, China), and human total plasma ghrelin
was measured by the use of human Ghrelin ELISA
Kit (EMD Millipore Corporation, Billerica, MA 01821
United States). ELISA was performed according to the
manufacturer’s instructions.

Statistical analysis

Sample size was determined based on the expense
of data collection and the need to have sufficient
statistical power. Data are presented as mean ± SE,
median, or range depending on their distribution and
analyzed with PASW Statistics 18.0 (IBM SPSS Inc,
Armonk, New York, United States). These means were
used for pairwise comparisons between groups using
the Wilcoxon signed-rank test. P-values < 0.05 were
considered statistically significant.

RESULTS
Demographic characteristics and baseline motility
variables

The demographic characteristics of the study subjects
are given in Table 1. Ten participants received placebo
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A

Distal stomach

100
9

Distal stomach

100
4

Distal stomach

100
5

Distal stomach

100
8

Duodenum

100
8

Duodenum

100
13

Duodenum

100
1

Jejunum

100
3

Before placebo

5:00:00

B
Distal stomach

Distal stomach

Distal stomach

Distal stomach

Duodenum

Duodenum

Duodenum

Jejunum

100
28
0
100
27
0
100
31
0
100
29
0
100
28
0
100
29
0
100
28
0
100
29
0

After placebo

6:00:00
Before XBP

4:00:00

7:00:00

After XBP

5:00:00

6:00:00

Figure 2 Gastrointestinal motility tracings before and after placebo or XBP treatment. A: Representative pressure curves after administration of placebo; B:
Representative pressure curves after administration of XBP. XBP: Xiangbin prescription.

Effect of XBP or placebo on plasma motilin and ghrelin

jejunum with minimal effects on the distal stomach.
The main findings were: (1) XBP significantly shortened
the duration of a complete MMC cycle, shortened the
duration of phase Ⅰ of the MMC cycle, and increased
the duration of phase Ⅱ of the MMC cycle; (2) XBP
significantly increased the motility of the duodenum
and jejunum at phase Ⅲ of the MMC cycle, such as
increasing the duration, contraction frequency, and MI
of phase Ⅲ; and (3) XBP significantly increased the
plasma concentrations of motilin and ghrelin. This study
provided a comprehensive evaluation of the effects of
XBP on gastrointestinal motility and documented that
XPB, a TCM concoction, can significantly affect motility
of the normal human gastrointestinal tract, a finding
which raises the possibility of XBP having therapeutic
value in the treatment of diseases or conditions
associated with gastrointestinal dysmotility. Our study
is also the first to report the effects of XBP on plasma

Table 3 presents the effect of XBP and placebo on
plasma motilin and ghrelin levels. Whereas placebo
had no effect on these hormones (P = 0.179),
concentrations of both had increased compared to the
baseline values after the administration of XBP (P <
0.01).

Adverse events

The subjects’ electrocardiographic recordings and tests
of hepatic and renal function were normal before and
after the experiments, and no recognizable adverse
events occurred during the study.

DISCUSSION
In the present study, XBP was found to significantly
increase the contractions of the duodenum and
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Table 2 Gastrointestinal motility variables before and after placebo or Xiangbin prescription administration
MMC

Before placebo (n = 10)

After placebo (n = 10)

Before XBP (n = 30)

After XBP (n = 30)

2.0 (1-3)
125.0 (30.0-178.0)
81.0 (40.0-168.0)
56.5 (21.0-154.0)

1.5 (1-3)
70.0 (51.0-104.0)
111.5 (42.0-171.0)
58.0 (16.0-170.0)

2.0 (1-3)
116.5 (24.0-219.0)
82.5 (25.0-180.0)
50.0 (15.0-134.0)

2.0 (1-4)
74.0 (30.0-118.0)a,c
42.0 (0.0-90.0)b,d
120.0 (21.0-240.0)b,d

3.2 (2.0-4.0)
2.8 (2.2-3.9)
2.9 (1.5-3.9)

2.7 (1.3-3.7)
2.5 (1.3-4.9)
2.8 (1.3-3.9)

3.0 (2.1-7.1)
3.2 (1.5-8.2)
2.4 (1.4-6.2)

3.7 (1.9-15.6)
3.6 (1.5-5.5)a
2.5 (1.3-5.2)

2.8 (2.3-3.4)
10.1 (8.8-11.1)
10.0 (8.1-12)

2.7 (2.3-2.9)
9.9 (8.9-10.9)
9.9 (8.9-10.9)

2.7 (2.4-3.1)
10.0 (6.9-11.4)
10.1 (4.2-11.1)

2.9 (1.2-4.7)
10.2 (8.4-11.5)a
10.5 (7.8-19.0)a

31.5 (24.0-50.3)
21.5 (14.0-25.7)
17.8 (16.0-22.7)

29.1 (21.0-41.5)
19.0 (13.7-27.0)
17.3 (14.3-27.0)

46.4 (30.0-60.7)
21.0 (14.5-28.8)
18.0 (13.0-28.5)

49.5 (33.7-72.7)c
21.3 (13.5-28.0)
19.8 (14.0-30.7)a

140.0 (74.0-220.0)
197.0 (125.0-324.0)
202.0 (129.0-325.0)

96.5 (55.0-117.0)
120.0 (74.0-312.0)
151.0 (101.0-295.0)

134.5 (51.0-224.0)
195.0 (109.0-310.0)
178.0 (55.0-304.0)

132.0 (48.0-218.0)
236.0 (115.0-306.0)a,d
214.0 (95.0-403.0)b

20.0 (14.0-24.0)
18.2 (14.0-20.0)
15.3 (13.7-20.8)

16.3 (13.0-18.0)
19.5 (14.3-22.0)
16.9 (15.1-18.0)

18.7 (14.0-22.0)
16.9 (12.3-23.9)
15.4 (11.7-23.9)

19.0 (12.5-56.7)
19.5 (13.0-26.7)a,d
18.3 (15.3-25.0)b,d

170.0 (13.0-480.0)
264.5 (154.0-432.0)
378.0 (126.0-456.0)

128.0 (90.0-204.0)
189.0 (57.0-403.0)
187.0 (39.0-447.0)

157.5 (24.0-444.0)
281.0 (76.5-1006.0)
226.0 (51.0-1099.0)

Number
Cycle (min)
Duration of phase Ⅰ (min)
Duration of phase Ⅱ (min)
Duration of phase Ⅲ (min)
Distal stomach
Duodenum
Jejunum
Frequency of phase Ⅲ
Distal stomach
Duodenum
Jejunum
Amplitude of phase Ⅲ (mmHg)
Distal stomach
Duodenum
Jejunum
MI
MI of phase Ⅲ (mmHg/min)
Distal stomach
Duodenum
Jejunum
Amplitude of phase Ⅱ (mmHg)
Distal stomach
Duodenum
Jejunum
MI of phase Ⅱ (mmHg/30 min)
Distal stomach
Duodenum
Jejunum

169.0 (20.0-1080.0)
522.0 (146.0-1392.0)b,d
483.0 (100.0-2076.0)b,d

a

P < 0.05, bP < 0.001 vs before XBP; cP < 0.05, dP < 0.01 vs after placebo. XBP: Xiangbin prescription; MMC: Migratory motor complex; MI: Motility index.

Table 3 Plasma concentrations of motilin and ghrelin before and after xiangbin prescription or placebo administration (pg/mL)
XBP
Motilin
Ghrelin

Placebo

Before

After

P value

Before

After

P value

51.37 ± 6.60
229.1 ± 83.27

57.69 ± 9.03
279.20 ± 104.31

< 0.001
< 0.001

50.11 ± 9.9
232.45 ± 97.38

49.38 ± 8.63
238.73 ± 111.59

0.179
0.293

[20,21]

ghrelin concentrations. It was reassuring that the
study subjects experienced no untoward side effects of
XBP.
The pharmacology of XBP is incompletely understood;
although various beneficial effects have been ascribed
[17]
to its herbal components , its therapeutic efficacy
has not been validated in rigorous studies. Some of the
reputed effects are: amomum villosum lour and lindera
aggregate (Sims) kosterm recuperate gastrointestinal
function; panax ginseng enhances disease resistance
and promotes the recovery of gastrointestinal function
motility; prunus persica accelerates blood flow and
repairs surgical injuries in the gastrointestinal tract; and
[17]
areca catechu stimulates gastrointestinal motility .
A previous study demonstrated that XBP may be a
promising prokinetic agent for DIGM and can improve
[18]
postoperative bowel motility .
Various herbs in XBP may have various activities.
For example, arecoline is an effective component of
areca, and areca can stimulate the motility of isolated
[18,19]
colonic smooth muscle strips
; several studies have

WJG|www.wjgnet.com

described areca as a prokinetic herb
. Ginsenoside,
one of the active ingredients of panax ginseng,
exerts a physiological and pharmacological effect on
[22]
gastrointestinal motility . Ginsenoside Rf regulates
intestinal motility by modulating the pacemaker
potential of interstitial cells of Cajal, an effect that is
mediated by activating non-selective calcium channels
and chloride channels, through a mechanism involving
2+
[23]
intracellular Ca mobilization . Slow waves and spike
potential are generated by sets of interstitial cells of
Cajal, which intermingle with gastric smooth muscle
[22]
cells . The possibility that XBP exerts a prokinetic
effect through the action on the intestinal cells of
Cajal should be considered. Amomifructus has been
widely used to treat gastrointestinal dysmotility and
[19,20]
gastroparesis
. Semen persicae has a positive role
[21]
in regulating blood flow and relaxing the bowels .
Our finding that XBP can increase plasma motilin and
ghrelin concentrations may have important implications.
A previous study suggested that gastrointestinal
hormones and neural factors mediate the initiation
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[24]

the patient’s family and the society. However, the development of effective and
safe drug treatments for DGIM has always proven challenging. Administration
of Xiangbin Prescription (XBP) has been revealed to exhibit some effects on
DGIM, but the mechanisms of action are still unknown and objective evaluation
of the effects of XBP has not been performed.

of the MMC . Motilin, a 22-amino-acid peptide, is a
gastrointestinal hormone released by the endocrine Mo
cells of the duodenal and proximal jejunum mucosa
during fasting. Motilin is closely associated with
the appearance of the MMC and intestine phase Ⅲ
[25]
contractions . It is conceivable that XBP promotes
plasma motilin release and enhances motilin secretion
through Mo cell receptors. Ghrelin, the closest family
member of motilin, is an endogenous ligand of the
growth hormone secretagogue receptor, discovered in
the rat stomach. Ghrelin has emerged as a functional
hormone with important effects on gastrointestinal
[24,26]
motility and accelerating gastric emptying
. In our
study, the increase of ghrelin concentrations induced
by XBP correlated with increased frequency, amplitude,
and MI of phase Ⅱ contractions of the duodenum and
jejunum. It has been reported that ghrelin is important
for phase Ⅱ contraction and that coordination of
motilin and ghrelin is necessary for initiating phase
[27]
Ⅲ contraction of the MMC . The mechanisms of XBP’s
actions on gastrointestinal motility require further inves
tigation, but the possibility that XBP helps coordinate
the actions or secretion of motilin and ghrelin to create
a prokinetic effect is intriguing.
This study has limitations. It is a short-term study, so
the long-term effects of XBP on gastrointestinal motility
and its possible side effects are unknown. Also, the
studies were conducted only in the fasting state, so the
postprandial effects of XBP are also unknown. Finally,
although effects of XBP on gastrointestinal motility
could be demonstrated by high resolution manometry,
whether these effects reflect clinically useful prokinetic
activity remains to be determined. The safety profile of
XBP must be evaluated in longer term studies.
Nonetheless, since disorders of gastrointestinal
motility, including postoperative gastrointestinal
dysfunction (ileus), are common, and treatments are
often inadequate, investigation of novel agents such as
TCM is worthy of pursuit.
In conclusion, this short-term study of fasting,
healthy human subjects documented that the Chinese
traditional herbal concoction XBP safely stimulated
duodenal and jejunal motility. XBP also increased
plasma concentrations of motilin and ghrelin, which
suggests that XBP helps coordinate the actions or
secretion of motilin and ghrelin to promote MMC
activity and a prokinetic effect. Although this study
implicates that XBP may have a potential value in the
treatment of DGIM and other diseases or conditions
associated with gastrointestinal dysmotility, the clinical
applicability of these observations and thorough
pharmacological characterizations of the components
of XBP responsible for its effect on gastrointestinal
motility deserve further investigation.

Research frontiers

Chinese herbal medicine has been proven to be effective in many diseases
or disorders, but the mechanisms remain to be elucidated. Currently, the
molecular mechanisms underlying the drug action of Chinese herbal medicine
are a hot topic of research in Traditional Chinese medicine.

Innovations and breakthroughs

XBP has been shown to have some efficacy in treating DIGM, but it has not
been evaluated under standard protocols or objective measurements. This
study for the first time provided a comprehensive evaluation of the effects of
XBP on gastrointestinal motility and highlighted the possible therapeutic use
of XBP in the treatment of DGIM. This study first explored the preliminary
mechanism underlying the drug action of XBP in gastrointestinal motility.

Applications

This study demonstrated that XBP can be used for the therapy of DGIM and
other diseases or disorders involved in gastrointestinal dysmotility, but a future
study on the thorough pharmacological characterizations of the components of
XBP responsible for its effects on gastrointestinal motility is still needed.

Terminology

Migratory motor complexes are waves of electrical activity well characterized by
the appearance of gastrointestinal contractions in the interdigestive state. XBP
is a concoction created by five crude herbs: amomum villosum lour, lindera
aggregate kosterm, prunus persica, panax ginseng, and aeca catechu on the
basis of traditional Chinese medicine. Antroduodenojejunal manometry was
used to evaluate gastrointestinal motility and performed with a Solar GI HRMHigh Resolution manometer.

Peer-review

This study investigated the effects of Chinese medicine XBP on gastrointestinal
motility as well as the plasma ghrelin and motilin concentrations in healthy
volunteers. It is a randomized controlled double-blind trial. The manuscript has
detailed information on experimental design. This is a well conducted study and
gives a clear conclusion with a limited number of volunteers. The study’s design
and results are meaningful to future studies on Chinese medicine.
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Abstract
AIM
To examine treatment decisions of gastroenterologists
regarding the choice of prescribing 5-aminosalycilates
(5ASA) with corticosteroids (CS) versus corticosteroids
alone for patients with active ulcerative colitis (UC).
METHODS
A cross-sectional questionnaire exploring physicians’
attitude toward 5ASA + CS combination therapy vs CS
alone was developed and validated. The questionnaire
was distributed to gastroenterology experts in twelve
countries in five continents. Respondents’ agreement with
stated treatment choices were assessed by standardized
Likert scale. Background professional characteristics
of respondents were analyzed for correlation with
responses.
RESULTS
Six hundred and sixty-four questionnaires were dis
tributed and 349 received (52.6% response rate). Of
340 eligible respondents, 221 (65%) would continue
5ASA in a patient hospitalized for intravenous CS
treatment due to a moderate-severe UC flare, while 108
(32%) would stop the 5ASA (P < 0.001), and 11 (3%)
are undecided. Similarly, 62% would continue 5ASA in
an out-patient starting oral CS. However, only 140/340
(41%) would proactively start 5ASA in a hospitalized
patient not receiving 5ASA before admission. Most
(94%) physicians consider the safety profile of 5ASA as
very good. Only 52% consider them inexpensive, 35%
perceive them to be expensive and 12% are undecided.
On multi-variable analysis, less years of practice and
perception of a plausible additive mechanistic effect of
5ASA + CS were positively associated with the decision
to continue 5ASA with CS.

Data sharing statement: Technical appendix, statistical code,
and dataset are available from the corresponding author at
shomron.benhorin@gmail.com. Participants consent for data
sharing was not obtained but the presented data are anonymized
and risk of identification is low. Statement is attached also as a
separate file.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

CONCLUSION
Despite the absence of data supporting its benefit,
most gastroenterologists endorse combination of 5ASA
+ CS for patients with active moderate-to-severe UC.
Randomized controlled trials are needed to assess if
5ASA confer any benefit for these patients.

Manuscript source: Unsolicited manuscript
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Core tip: Patients with moderate-severe active ulce
rative colitis are often treated with corticosteroids.
Whether 5-aminosalycilates (5ASA) offer any benefit

Received: December 25, 2016
Peer-review started: December 26, 2016

WJG|www.wjgnet.com

2996

April 28, 2017|Volume 23|Issue 16|

Ben-Horin S et al . Global survey of combination of corticosteroids and 5-aminosalicylates
regardless of whether they work in a hospital or ex
clusively at an out-patient setting. The questionnaire
was distributed by sub-investigators to respondents
directly or through an additional contact (one-stage
“Snow-balling” technique). We deliberately elected to
distribute questionnaires directly, as this technique was
[4]
previously found to result in a higher response rate ,
as opposed to low response rates often experienced by
surveys conducted through mailing lists of professional
[5,6]
societies’ members or through survey websites .
The study was approved by the Sheba Medical Center
Institutional Review Board.

when combined with corticosteroids for these patients
has not been explored. This global survey among
expert gastroenterology physicians in 12 countries
shows division of opinion regarding this treatment
choice, but demonstrates that the majority of doctors
administer corticosteroids with continued 5ASA, despite
the absence of evidence supporting this combination. If
this “crowd wisdom” is correct and the addition of 5ASA
offers even small added benefit for these severely sick
patients, this could comprise an important simple tool
for improving outcomes in acute ulcerative colitis. The
results of this survey call for the need for a controlled
clinical trial to examine this treatment choice.

Development of questionnaire

A prior search of the literature did not identify an
existing questionnaire exploring the research question.
Therefore, an English-language questionnaire was
constructed, using a balanced positive and negativephrased question structure (Reverse phrasing) to
reduce response-bias (supplementary Table 1). A
standardized Likert scale ranging between1-5 was
used to assess the different degrees of agreement
to a presented therapeutic strategy. Data about the
respondent physicians’ professional background were
also obtained. The questionnaire was approved by
all co-investigators and was additionally examined
by three external IBD experts for content validity, to
ascertain whether the content of the questionnaire
was appropriate and relevant to the study purpose.
The questionnaire was distributed to physicians in
its English format to avoid variations caused by the
process of translation/back-translation into several
different languages. Comprehensibility was validated
by six GI physicians (two native English speakers
and four non-native speakers). Further, a question
inquiring about ease of English comprehensibility was
inserted, and responses from individual physicians
who graded comprehensibility of the questionnaire as
less than “easy” or “very easy” were a-priori excluded.
Additionally, a pre-planned sensitivity analysis was
performed including only respondents who practice
medicine in English speaking countries (United States,
Canada, United Kingdom and Australia).

Ben-Horin S, Andrews JM, Katsanos KH, Rieder F, Steinwurz
F, Karmiris K, Cheon JH, Moran GW, Cesarini M, Stone CD,
Schwartz D, Protic M, Roblin X, Roda G, Chen MH, HarNoy O, Bernstein CN. Combination of corticosteroids and
5-aminosalicylates or corticosteroids alone for patients with
moderate-severe active ulcerative colitis: A global survey of
physicians’ practice. World J Gastroenterol 2017; 23(16):
2995-3002 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i16/2995.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i16.2995

INTRODUCTION
The role of corticosteroids (CS) in the treatment of
moderate-to-severe exacerbation of ulcerative colitis
[1-3]
(UC) is well established . Many of these patients
present on existing therapy with 5-aminosalycilates
(5ASA), which are efficacious in mild-moderate UC.
However, there are no data investigating whether the
continuation of 5ASA agents in combination with CS
in patients with a moderate-to-severe UC flare offers
any additional benefit compared to treatment with CS
alone. Arguably, 5ASA might act in concert with CS to
exert an additional therapeutic benefit. Conversely, if
5ASA are of no benefit in this situation, then patients
can be spared from an unnecessary drug and its
unjustified expense.
Therefore, the goal of the present study was to
explore the real-life practice of gastrointestinal (GI)
and inflammatory bowel disease (IBD) experts with
respect to prescribing 5ASA to patients with moderatesevere UC needing CS treatment. A secondary aim
was to investigate factors associated with physicians’
therapeutic choices.

Statistical analysis

Descriptive statistics were used to detail distribution
of responses among the five possible grades of
agreement for each question. When comparative
analyses were performed, scales 1 and 2 (“Strongly
agree” and “tend to agree”) were grouped together
as responses endorsing the presented therapeutic
decision, while a Likert response of 4 (“tend to
disagree”) and 5 (“strongly disagree”) were grouped
as not endorsing the proposed therapy decision.
Responses of 3 (“undecided”) were separately
analyzed. Sample size was determined by taking into
account five variables, of which four had multiple
sub items. For the resulting 15 variables, and using

MATERIALS AND METHODS
Design and participants

This was a cross-sectional survey of GI physicians
in 12 countries in five continents: Australia, Brazil,
Canada, China, France, Greece, Israel, Italy, Korea,
Serbia, United Kingdom and United States. GI
fellows were excluded, but GI specialists were eligible
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China
United States
South Korea
Greece
6%
Serbia
10%
France
Canada
Italy
Israel
6%
Brazil
Australia
United Kingdom

11%
9%

Table 1 Background characteristics of survey respondents

6%

Practice setting

13%

12%

6%
IBD in clinic

3% 3%

Years of practice, median
(IQR, range)
Country of practice

Figure 1 Distribution of countries of practice among the responding
physicians.

a subject to item ratio of 1:15, at least 225 subjects
were needed to reduce the risk of over-fitting the
[6]
logistic regression model . Because of the global
nature of this survey and absence of data on the total
world number of GI specialists, power calculation for
total sample size could not be performed, rendering
the results exploratory. Comparisons of proportions
were performed by Z test when single population was
considered or by Fisher exact test when comparing
proportions between two populations (e.g., responses
of IBD experts versus non-experts). In the absence of
definitive definition of what constitutes an IBD expert
[4]
and in line with previous studies , respondents with
≥ 25% of their patients being IBD patients were
pragmatically defined as IBD experts.
Multi-variable analysis was performed using
backward logistic regression for all variables of interest.
All statistics were performed using MedCalc statistical
software (Marieke, Denmark). P value of < 0.05 was
considered significant.

University hospital
Regional/district
hospital
Outpatient clinic
Less than 25%
25% or more
(IBD expert)

256 (78.8)
33 (10.1)
36 (11.1)
183 (55.3)
148 (46.7)
10.5 (5-20, 0.5-60)

Australia
Brazil
Canada
China
France
Greece
Israel
Italy
South Korea
Serbia
United Kingdom
United States

31 (9.1)
22 (6.5)
40 (11.8)
38 (11.2)
9 (2.6)
46 (13.5)
33 (9.7)
19 (5.8)
20 (5.9)
10 (2.9)
19 (5.8)
53 (15.6)

in Figure 2A.
Similarly, when starting oral CS for a non-hospitalized
outpatient with a mild-moderate UC flare despite
optimized 5ASA treatment, the majority (212/340, 62%)
of physicians would continue 5ASA, whereas 97/340
(28.5%) physicians would stop 5ASA and administer CS
mono-therapy (P < 0.001; Figure 2B). In contrast, only
140/340 of the physicians would start 5ASA concurrently
with CS in a patient hospitalized with UC flare who was
not already on 5ASA prior to admission, compared to
172/340 who opted to treat such patients with CS monotherapy (P = 0.07; Figure 2C).
When inquired about English language com
prehensibility of the questionnaire, 284/347 (82.7%)
respondents considered it to be very easy, 55 (15.8%)
as easy, and seven (2%) as fairly understandable.
None of the respondents rated the questionnaire
as difficult or as very difficult to comprehend. As
specified above, the seven respondents with only
“fair” understanding of the language were excluded
from further analysis. Nevertheless, to further validate
the responses, a sensitivity analysis was performed
including only the 143/340 physicians practicing in
English-speaking countries (Australia, Canada, United
States and United Kingdom). Similar to the results
in the entire cohort, 64.5% of the English-speaking
physicians endorsed continuing 5ASA in a hospitalized
steroid-treated patient with moderate-severe UC, and
73% would continue 5ASA in an out-patient starting
CS for nonresponsive mild-moderate UC flare.

RESULTS
Overall, 664 questionnaires were distributed in 12
countries in five continents. Of these, 349 completed
questionnaires were received, yielding a response
rate of 52.6%. Nine questionnaires were excluded:
Two were received from GI trainees and seven from
respondents indicating only fair comprehension of
the questionnaire (four from Italy, two from China
and one from the United States). Thus, a total of 340
returned questionnaires were eligible for analysis. The
distribution of the country of origin among eligible
respondents is shown in Figure 1. The background
professional characteristics of the respondents are
shown in Table 1.

Physicians’ attitudes toward combination 5ASAcorticosteroids

Overall, 221 (65%) of the respondents would strongly
agree or tend to agree to continue 5ASA in a patient
hospitalized for intravenous CS treatment due to a
moderate-severe flare of UC, compared with 108
(32%) who would stop the 5ASA (P < 0.001), and 11
(3%) who were undecided. This comparison is shown
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n (%)

Parameter

15%

Perceptions on cost and safety of 5ASA

To explore if physicians’ perceived costs or safety
of 5ASA played any role in the therapeutic choice
between combination 5ASA + CS or corticosteroid
alone, respondents were also queried about their
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Figure 2 Distribution of responses for the three strategy choice questions,
each denoted by the title above. A: Continue 5ASA in a hospitalized steroidtreated paitent; B: Continue 5ASA in an out-patient staring oral steroids; C:
Start de-novo 5ASA in a hospitalized steroid-treated patient. The gray bars
denote the detailed distribution of by percentage of responses to each of the five
multiple choice answers. The black bars denote the overall comparison between
proportion of respondents endorsing the strategy (summed percentage of
“Strongly agree” and “Tend to agree”) vs the proportion of respondents rejecting
this strategy (summed percentage of “Tend to disagree” and “Strongly disagree”).
5ASA: 5-Aminosalycilates.
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Figure 3 Distribution of responses for the three physician's perception
questions, each denoted by the title above. A: 5ASA have very good safety
profile; B: 5ASA are generally not expensive; C: 5ASA may have added
benefit in combination with corticosteroids. The gray bars denote the detailed
distribution by percentage of responses to each of the five multiple choice
answers. The black bars denote the overall comparison between proportion of
respondents agreeing to a contention (summed percentage of “Strongly agree”
and “Tend to agree”) vs the proportion of respondents rejecting the contention
(summed percentage of “Tend to disagree” and “Strongly disagree”). 5ASA:
5-Aminosalycilates.
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Table 2 Uni-variant and multi-variable analysis of factors for their association with prescribing combination 5-Aminosalycilates +
corticosteroids to a hospitalized moderate-severe ulcerative colitis patient
Variable

Believe 5ASA are very safe
Believe 5ASA are not expensive
Believe 5ASA mode-of-action may synergize with CS
IBD expert
Work in out-patient clinic setting
Years of practice (odds ratio/yr)

Rate Unadjusted odds ratio for
prescribing combination
5ASA + CS

95%CI

94%
53%
60%
55%
11%
-

1.02-17.1
0.88-2.3
4-13.3
0.39-1.03
1.3-11.1
-

4.20
1.45
7.30
0.63
3.70
-

P value Adjusted odds ratio for 95%CI

P value

prescribing combination
5ASA + CS
0.045
0.140
0.001
0.070
0.010
-

2.9
1.3
7.9
0.6
2.7
0.97

0.4-22
0.7-2.6
3.8-17
0.3-1.2
0.6-12
0.94-0.99

0.3
0.4
< 0.001
0.14
0.2
0.04

5ASA: 5-Aminosalycilates; CS: Corticosteroids; IBD: Inflammatory bowel disease.

opinion towards these topics. Overall, the vast majority
(94%) of physicians perceive 5ASA as having very
good safety profile (Figure 3A). However, opinions
were more split with respect to whether 5ASA are
expensive, or not (Figure 3B); yet, there was no
difference in the preference for combination 5ASA +
CS versus CS alone between physicians who perceived
5ASA as non-expensive to those who considered them
expensive (OR = 1.45, 95%CI: 0.88-2.3, P = 0.14).
There was a trend for physicians who agreed that
5ASA drugs have very good safety profile to be more
likely to prefer combination 5ASA + CS, compared to
physicians who disagreed to the statement of 5ASA
safety (OR = 4.2, 95%CI: 1.02-17.1, P = 0.045),
but this analysis was limited by the small number
of doctors perceiving 5ASA as not very safe (n = 9,
3% of the respondents). In contrast, physicians who
professed a belief that mechanistically 5ASA may
still exert some biologic effect when combined with
CS, were significantly more likely to prescribe this
combination compared to those not believing in this
additive or synergistic mechanism (OR = 7.3, 95%CI:
4-13.3, P < 0.001).

with CS alone (P = 0.03). On multi-variable analysis,
however, perception of a plausible synergistic/additive
mechanism of action for 5ASA with corticosteroids
and less years of experience as GI expert were the
only two variables that had a positive independent
association with the decision to administer combination
therapy (Table 2).

DISCUSSION
This study shows widely divergent practices among GI
physicians and IBD experts with respect to prescribing
5ASA in combination with CS versus prescribing
CS alone for patients with active UC. Nevertheless,
the majority of experts elected to continue 5ASA in
this scenario, despite the absence of evidence for a
benefit of this combination. It is possible that some
physicians who opt against administering 5ASA to
acute UC patients are wary of bio-availability of orally
administered drugs in this situation, but this question
was not investigated in the present study. Many of the
physicians professed a belief that a biologic additive
or synergistic effect of 5ASA and CS is plausible and
also perceive the safety profile of 5ASA as very good,
presumably leading them to use concurrent 5ASA
+ CS. However, this is an unproven combination
with associated costs, and 5ASA safety has not been
specifically scrutinized in moderate-severe patients.
Moreover, 5ASA have not been approved for moderatesevere active UC by any regulatory agency. Thus,
evidence to support or refute the benefit of 5ASA
in combination with CS should be sought to enable
rational and evidence-based therapeutic decisions
for these patients. Indirect evidence from studies of
moderate-severe active UC treated with infliximab has
not indicated a difference in response rate between
sub-groups of patients treated or not with concomitant
[7]
5ASA . However, data on concurrent 5ASA treatment
in clinical trials of CS is sparse and even head-to-head
comparisons of maximal mesalamine dosing with CS
[8]
are lacking . In retrospective cohorts not addressing
this question directly, sub-groups of CS-treated patients
[9-11]
with or without 5ASA fared similarly
. In an analysis
of patients with CS-induced remission included in three

Analysis of factors impacting the choice of combination
5ASA + CS

Along with perceptions on cost and safety of 5ASA,
several background professional characteristics of
respondents were investigated for their correlation
with the decision to administer combination CS +
5ASA or CS alone. On uni-variable analysis, there
was a non-significant trend for IBD experts (n = 183)
to be less likely to endorse combination 5ASA + CS
compared to GI doctors who are not IBD experts (n
= 148, OR = 0.63, 95%CI: 0.39-1.03, P = 0.07).
GI doctors working in an out-patient clinic setting (n
= 32) were more likely to recommend combination
5ASA + CS to hospitalized UC patients compared to
physicians with hospital based positions (n = 281,
OR = 3.7, 95%CI: 1.3-11.1, P = 0.01). Physicians
who recommended combination therapy had been
practicing as a GI expert for a median of 10 years
(IQR25-75 5-18) compared to median of 13 years (IQR
6-21.5) for physicians recommending monotherapy

WJG|www.wjgnet.com

3000

April 28, 2017|Volume 23|Issue 16|

Ben-Horin S et al . Global survey of combination of corticosteroids and 5-aminosalicylates
clinical trials, patients who continued mesalamine after
CS tapering had higher rates of maintained remission
[12]
compared to patients on placebo maintenance .
Notwithstanding, this comparison may not be extrapolated to the dilemma of adding 5ASA to CS during the
induction of remission treatment phase itself. In the only
study to date directly addressing this question, there
was statistically significant benefit in univariable analysis
for reduced complications and need for salvage therapy
among the 156 patients treated with combination 5ASA
[13]
+ CS compared to CS alone (n = 63) . However, the
benefit was not demonstrable on multi-variable analysis,
raising the possibility of additional confounders playing a
role in the observed results. In the absence of solid data
to support or reject the use of 5ASA in combination
with corticosteroids, controlled prospective data are
imperative, and one such randomized controlled clinical
[14]
trial has been launched .
Several limitations of the present study should be
acknowledged. Respondents were approached directly
by the sub-investigators, thereby making it impossible
to definitely exclude a selection bias-by-acquaintance.
However, post-hoc analyses showed that respondents
approached by any single investigator still had very
divergent response pattern (data not shown), arguing
against a homogenous group of “think-alike” experts.
Moreover, the present methodology allowed for a high
response rate of > 50%. In contrast, the alternative
survey methodology whereby physicians are picked
from a professional society member list or similar nonpersonal method, notoriously yields low response rate
[5,6]
of 10%-40% . Such a low response rate may result
in a different selection bias, whereby participating
respondents are a minority of the targeted general
population and not representative of it. Notably, as
evidence is lacking, physician opinions as obtained
here are empiric-based, and does not imply that
the approach of the majority is necessarily the best
therapeutic strategy. Another limitation of this concise
questionnaire is that it did not include some additional
items that may influence physicians’ choices, such as
local availability of salvage therapies.
In conclusion, this global survey shows that GI and
IBD experts have diverse 5ASA prescription practices
for patients with moderate-severe active UC treated
with CS. Nonetheless, despite the absence of data, the
majority of experts endorse the use of combination
5ASA + CS for these patients. Possible adverse events
- albeit rare - as well as medication costs should be
borne in mind when making this decision. Conversely,
experts who do not add 5ASA may be missing out on
a relatively safe and possibly effective additive therapy.
Thus, data from prospective clinical trials are direly
needed for rational evidence-based decision in this
common clinical scenario.
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Patients with moderate-severe active ulcerative colitis are often treated with
corticosteroids. Whether 5-aminosalycilates (5ASA) offer any benefit when
combined with corticosteroids for these patients has not been explored.
Moreover, it is unknown how do physicians treating acute ulcerative colitis (UC)
patients make this therapy choice. If the addition of 5ASA offers even a small
added benefit for this severely sick patients and saves a minority of them from
the need for salvage therapy or urgent surgery, this could comprise an important
simple tool for improving outcomes of these severely ill patients. Conversely, if
this combination is no more efficacious then corticosteroids alone, then patients
can be spared from a futile additional drug with its associated costs. Thus, this
global survey explored the approach of expert gastroenterology physicians
in 14 countries to combining 5ASA with corticosteroids to gain preliminary
insight into real-life practice in this scenario and investigate factors driving this
management decision.

Research frontiers

Although patients with moderate-severe UC are commonly treated with
corticosteroids, roughly a third of them will not respond and require salvage
therapy with infliximab or with cyclosporine and/or urgent colectomy. With these
limited therapeutic options, investigations into factors that may increase rate of
response to mainstay corticosteroid treatment are direly needed. This survey
aims to map gastrointestinal (GI) experts’ strategy with respect to one such
possible intervention, namely the addition of 5ASA to corticosteroids.

Innovations and breakthroughs

This is the first study to assess the practice of GI experts with respect to 5ASA
usage during acute moderate-severe UC. It shows for the first time that despite
the absence of evidence supporting this strategy, most physicians administer
combination 5ASA with corticosteroids rather than corticosteroids alone. It also
provides novel data about factors driving physicians’ decisions in this scenario,
specifically showing this decision to be driven by mechanistic considerations
unrelated to costs and safety of medication.

Applications
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patients with moderate severe UC with combination 5ASA + corticosteroids or
administer corticosteroids monotherapy. As such, it provides preliminary data
and framework on which a controlled clinical trial can be based. It will also likely
to make physicians more cognizant of this clinical decision, spurring further
research into this - and other interventions - as possible avenues to increase
the response rate to conventional non-costly and safe therapies in active UC.
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Abstract
Protein-losing enteropathy (PLE) is characterized by
loss of serum proteins into the gastrointestinal tract. It
may lead to hypoproteinemia and clinically present as
protein deficiency edema, ascites, pleural or pericardial
effusion and/or malnutrition. In most cases the site
of protein loss is the small intestine. Here we present
an unusual case of severe PLE in a 55-year old female
with a one-year history of recurrent diarrhea, crampy
abdominal pain, and peripheral edema. Endoscopy and
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other causes, such as severe malnutrition, hepatic
and renal impairment, as well as cardiac insufficiency,
[3,4]
have been excluded . In this report we present
a case of severe PLE in a 55-year old female with
a one-year history of recurrent diarrhea, crampy
abdominal pain, and peripheral edema. The sigmoid
colon and the rectum were identified as specific sites
of protein loss. Surgical resection was performed and
subsequent histologic evaluation confirmed a diagnosis
of pseudomembranous colitis with cap polyposis-like
features.

MRI showed a diffuse inflammatory thickening of the
sigmoid colon and the rectum. Surgical resection of the
involved colon was performed and the symptoms were
significantly resolved. The final histologic evaluation
confirmed a diagnosis of a pseudomembranous colitis
with cap polyposis-like features. Such a cause of PLE
has never been described before.
Key words: Protein-losing enteropathy; Cap polyposis;
Ulcerative colitis; Goblet cells; Pseudomembranes
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CASE REPORT

Core tip: Protein-losing enteropathy (PLE) is characterized
by loss of serum proteins into the gastrointestinal tract.
The small intestine is the most common site of protein
loss. This is an unusual case of severe PLE involving
the sigmoid colon and the rectum. Surgical resection
was performed and subsequent histologic evaluation
confirmed a diagnosis of a pseudomembranous colitis
with cap polyposis-like features.

A 54-year old Caucasian female was referred to our
hospital for a one-year history of recurrent diarrhea of
up to 15 times per day with nocturnal component. The
stool was described as loose, mucilaginous, and nonbloody. The diarrhea was associated with moderate,
crampy abdominal pain and weight loss. Her appetite
was intact and she denied anorexia, febrile episodes or
fecal incontinence. She was previously hospitalized for
the same complaint and was managed as ulcerative
colitis. The symptoms, however, remained unresolved.
Her previous medical, family, social, and travel history
was unremarkable with no record of allergies or
antibiotic intake.
On admission, physical examination revealed a
weight of 50 kg, height of 170 cm, and normal vital
signs. Cardiovascular and pulmonary findings were
unremarkable. There was no abdominal distention, no
palpable mass, no tenderness, and with normoactive
bowel sounds. The liver and spleen were not
enlarged. There was marked pitting edema of both
lower extremities. No superficial lymph nodes were
palpable. Neurological status was normal. Laboratory
investigations revealed leukocyte count of 11.5 ×
3
3
10 /µL [4.0-10.0], thrombocytes of 590 × 10 /µL
[140-400], total serum protein was 45 g/L [64-83],
albumin was 25 g/L [35-52], IgG was 3.21 g/L [7-16],
and diamine oxidase was 2 U/mL [> 10]. Serum
electrolytes, liver and pancreatic enzymes, renal and
thyroid function tests, coagulation tests, and C-reactive
protein were unremarkable. Urinalysis showed neither
proteinuria nor hematuria. Celiac disease serology was
negative. ECG, chest X-ray, and thoracic CT findings
were normal. Stool examination was unremarkable
and no bacteria or viruses were found in the stool
culture. Abdominal MRI demonstrated diffuse wall
thickening at the level of the sigmoid colon and rectum
(Figure 1). There was no evidence of malignancy.
Esophago-gastro-duodenoscopy (EGD) and
capsule endoscopy of the small intestine revealed no
pathological findings and no evidence of Helicobacter
pylori. Colonoscopy showed continuous, diffuse mucosal
inflammation (Figure 2) from the anocutaneous
line upward for approximately 40 cm with a sharp
demarcation of normally-appearing mucosa. There
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INTRODUCTION
Protein-losing enteropathy (PLE) is a rare condition of
excessive serum protein losses into the gastrointestinal
tract. The clinical presentation may be variable but
commonly consists of peripheral edema secondary
to hypoproteinemia. It may also manifest as ascites,
pleural and pericardial effusions, associated with
gastrointestinal symptoms of diarrhea, abdominal
[1-4]
pain, and bloating
. Along with protein loss, a
significant decrease in the level of immunoglobulins
and lymphocytes can also occur which may lead
to immune deficiency, predisposing the patient
[4]
to infections . The underlying causes of PLE are
divided into erosive gastrointestinal disorders
(e.g., inflammatory bowel disease, nonsteroidal
anti-inflammatory drug enteropathy, intestinal
lymphoma), nonerosive gastrointestinal disorders
(e.g., celiac disease, connective tissue disorders,
microscopic colitis), and disorders involving increased
interstitial pressure (e.g., congestive heart failure,
[1]
constrictive pericarditis, intestinal lymphangiectasia) .
Conventionally, the diagnosis is established by an
increased fecal clearance of alpha-1-antitrypsin and
[2]
its decreased level in the plasma . PLE should be
considered in patients with hypoproteinemia against
a background of gastrointestinal disease and in whom
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A striking architectural disarray of the subjacent
mucosa was reminiscent of the pattern seen in cap
polyposis. However, the mucosal changes diffusely
involved the large bowel without formation of polypoid
structures. A distortion and cystic dilatation involved
the basal and middle parts of the colonic crypts that
were predominantly lined by hyperplastic goblet cells
+
and contained abundant periodic acid-Schiff (PAS)
mucus and cell detritus (Figure 3B and C). In some
crypts, an eosinophilic epithelium forming a mild
serrated pattern was observed and was the reason for
further molecular analyses (Figure 3D). The epithelium
of the upper parts of the dilated crypts was clearly
attenuated as demonstrated by anti-cytokeratin
20 immunohistochemistry (IH; Figure 4A). The ad
jacent superficial lamina propria was replaced by a
layer of granulation tissue that contained numerous
+
ectatic capillaries, erythrocyte extravasates, CD68
+
+
macrophages, CD138 plasma cells, myeloperoxidase
neutrophilic granulocytes, and scattered eosinophils.
Granulocytes predominated in the deeper parts of
the lamina propria but rarely infiltrated the crypt
epithelium. Additional IH for IgA, IgG, IgM, IgD, Kappa,
Lambda, CD20, CD3, CD4, CD8, Ki67, and p53 were
evaluated as follows: Plasma cells with polytypic light
chain expression were abundant in the granulation
tissue and the upper third of the lamina propria but
+
rarely observed in the deeper mucosa. Only few CD20
lymphocytes without any follicles were present. The
+
number of CD3 T-cells was considerably reduced
to about 2 to 4 cells per high power field and rarely
infiltrated the crypt epithelium (Figure 4B). The ratio
+
of CD4:CD8 was normal. No aberrant Ki67 or p53
labelling of the crypt epithelium was noted. Infectious
agents could not be detected by IH for mycobacteria
and CMV, chromogen in situ-hybridisation for EBVencoded RNA or Ziehl-Neelson-, Gram-, PAS or Grocott
stains.
To further localize the source of the protein loss,
we performed the acid fuchsin-orange G-stain (AFOG)
that highlighted abundant proteins as red extracellular
material especially in the pseudomembranes and
superficial parts of the mucosa (Figure 4C). A
combination of PAS and AFOG staining (Figure 4D and E)
methods allowed us to visualize mucus simultaneously
with protein deposits. Red-appearing proteins were
detected within the granulation tissue in the vicinity of
capillaries, the lumina of the superficial denuded crypts,
the erosive lesions, and the thick pseudomembranes
(Figure 4D). Here the red-staining proteins were
admixed with pale pink-appearing mucous (Figure 4D).
By contrast, the cytoplasm of the goblet cells and the
adjacent lumina of the dilated crypts mainly contained
pinkish mucous and cellular debris but were generally
devoid of a protein-rich exudate (Figure 4E).
Since the architecture of scattered crypts showed
a mild serrated pattern reminiscent of serrated
adenoma/polyps further mutational analyses were

Figure 1 MRI-Scan of the abdomen showing a long-segment bowel wall
thickening in the distal parts of the colon.

were no ulcers or polyps. The endoscopic findings
were suggestive of ulcerative colitis. However, the
patient was unresponsive to prednisolone, mesalamine,
cyclosporine, and infliximab. The hypoalbuminemia and
decreased IgG remained constant. Albumin infusions
resulted in transient improvement of symptoms.
After a 6-mo period of unsuccessful immuno
suppressive therapy the patient was readmitted due to
worsening symptoms including increased stool frequency
and peripheral edema. On laboratory examinations
3
the leucocyte count was 10.3 × 10 /µL [4.0-10.0],
3
thrombocytes 741 × 10 /µL [140-400], hemoglobin
11.4 g/L [12-16], total protein 32 g/L [64-83], albumin
16 g/L [35-52], IgG 4.04 g/L [7-16], and C-reactive
protein 5 mg/L [< 5]. Microbiological analyses of the
stool specimens did not reveal signs of infection. To
rule out immune deficiency disorders peripheral and
mucosal lymphocytes were analyzed. Results showed
a normal CD4/CD8-ratio of 1.69 (absolute counts
+
+
of CD4 T-cells: 1026/µL; CD8 T-cells: 608/µL).
There was no indication of T-cell deficiency. The
+
+
+
percentages of naïve CD4 T-cells (CD45RA /CD4 ),
+
+
+
regulatory T-cells (CD25 FOXP3 /CD4 , and NK-cells
+
(CD56 CD3 /lymphocytes) in the peripheral blood
were normal, as well as the percentages of IL-17 or
+
IFN-y producing CD4 T-cells. The only abnormality
+
+
was a high percentage of CD25 FOXP3 CD4 T-cells:
10% in the peripheral blood and 5% in the mucosa.
PCR analyses for IgH and TCRγ rearrangements using
BIOMED-2 primer revealed no clonal B-cell or T-cell
population. EGD and colonoscopy were repeated and
showed the same findings as previously described.
Multiple biopsy samples, surgical colectomy,
and mucosectomy specimens revealed unusual
histologic changes involving the mucosa from the
distal descending colon to the proximal rectum
(Figures 3 and 4): Hematoxylin and eosin stained
sections cut from formalin-fixed, paraffin-embedded
tissue blocks showed confluent erosions due to a
widespread surface epithelial injury. The surface was
covered by a thick adherent pseudomembranous
layer admixed with inflammatory cells (Figure 3A).
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Figure 2 Diffuse inflammation of the colonic mucosa spreading contiuously. The mucosa appeared to be covered by a protein-rich exudate.
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Figure 3 Histologic appearance of the colonic mucosa. A: Erosive lesions covered by a thick pseudomembranous layer; damage of the surface epithelium and
architectural disarray of the mucosa showing prominent cystic dilatation of crypts; B: Foci of mildly serrated epithelium; C, D: Abundant hyperplastic goblet cells
associated with a strikingly increased accumulation of intracellular and extracellular mucus. A-C: Hematoxylin and eosin; D: Periodic acid-Schiff reaction.
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Figure 4 Typical features of protein-losing colitis demonstrated by immunohistochemistry and special stains. A: Strong cytokeratin 20 expression (brown)
by hyperplastic and attenuated (arrows) epithelial cells; B: Detection of rare CD3+ T-cells (brown, arrows) in the lamina propria and epithelium; C: Acid fuchsin orange
G-stain (AFOG) stain demonstrating proteins (red) in the apical part of the denuded crypts; the granulation tissue and the pseudomembranes covering the surface,
but not in the deeper parts of the mucosa; D, E: AFOG stain combined with a PAS reaction highlighting the presence of both proteins (red) and admixed mucus (pale
pink, stars); E: Abundant pale pink mucus (star) but no significant proteins in the crypts lined by hyperplastic goblet cells.

done by next generation sequencing but did not reveal
mutations in BRAF (exon 15), EGFR (exons 18, 19,
20, 21), KRAS (exons 2, 3, 5), NRAS (exon 2, 3), KIT
(exons 9, 11, 13, 17), and PDGFRA (exon 18).
Surgical resection of the affected part of the
colon and the proximal rectum sparing the distal 8
cm was performed to preserve the anal sphincter.
Descendostomy was done as a transient measure. This
surgical procedure resulted in a significant reduction of
protein loss and normalization of serum albumin and
IgG (Figure 5). The patient tolerated the procedure
well and had nearly no abdominal symptoms.
Following the reanastomosis of the descending colon
and distal part of the rectum the protein loss remained
compensated but the symptoms recurred, though to
a considerably lesser degree. Repeated endoscopy
showed involvement of proctitis in the remaining <
8 cm of the rectum. Therefore, a complete rectal
mucosectomy was performed in two sessions.

sigmoid colon with goblet cell hyperplasia, protein rich
pseudomembranes, and cap polyposis-like features.
Upon initial diagnostic evaluation most known
causes of PLE could immediately be ruled out inclu
ding intestinal infections, celiac disease, eosinophilic
gastroenteritis, microscopic colitis, intestinal lymphan
giectasia, heart or liver diseases, and amyloidosis.
Histology and analysis of peripheral and mucosal
lymphocytes excluded lymphoma, immune deficiency,
and malignancy. Upper endoscopy including histology
and capsule endoscopy revealed a completely normal
upper gastrointestinal tract. The distal colon was
recognized as site of protein loss after exclusion of
other possibilities. The macroscopic aspect was quite
similar to ulcerative colitis as was the type of colonic
manifestation: continuous involvement beginning in the
distal rectum. Consequently, the disease was initially
diagnosed as an “atypical form of ulcerative colitis.”
After a nearly complete unresponsiveness to escalating
immunosuppressive therapy such therapeutic attempts
were discontinued and a reevaluation was performed.
Serrated adenoma-like lesion were ruled out in
our patient using methods recently described by
[5]
Kovaleva et al . Histology revealed lesions that were
compatible or even typical for cap polyposis (CP) as
[6]
summarized by Ng et al . Since the first description
[7]
by Williams et al CP has been recognized as a rare
type of inflammatory pseudo-polyps found mainly in

DISCUSSION
Here we describe a very unusual case of a PLE where
the site of protein loss was solely the distal colon. This
protein loss was so marked that protein deficiency
edema developed and very low concentrations of
albumin and IgG were observed. The underlying
cause was a diffuse inflammation in the rectum and
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Figure 5 Albumin (upper panel) and IgG (lower panel) levels during the course of the disease. Complete protein loss remission after surgical resection (February
6, 2014).

the distal colon. Typical clinical symptoms of which are
mucilaginous diarrhea and crampy abdominal pain.
Bloody diarrhea or protein-losing enteropathy may
[6]
also occur . On endoscopy, the surface of the polyps
appears covered by a cap of fibrinopurulent exudate.
Histology shows dilatation, elongation, and distortion
of crypts which may have a serrated-type like pattern.
The cap is formed by an inflammatory granulation
tissue which is covered by a layer of protein-rich
exudate. The peculiarity of our case was the diffuse
and continuous involvement of approximately 40
cm of the distal colon. No distinct polyps could be
found. Generally, cap polyps manifest as polypoid
[6,8]
lesions with intervening normal mucosa . However,
contiguous polyps have been described and it is not
uncommon that CP is often misinterpreted as chronic
[9,10]
inflammatory bowel disease
. This was the case
in our patient. After complete unresponsiveness to
immunosuppressive therapy, the reevaluation of the
case ultimately led to a more accurate interpretation
of endoscopy and histology. The clinical presentation,
endoscopy, and histology suggest that this case
may represent a hitherto undescribed variant of cap
polyposis.
According to the PAS/AFOG double staining the
intestinal protein loss of our patient predominantly
resulted from capillary leakage within the erosive
lesions and the granulation tissue. The hyperplastic
goblet cells were no relevant source of the intestinal
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protein loss. While in the lung the main component
is MUC5AC mucin (as is the case in the stomach),
the intestinal mucin is mainly composed of MUC2
[11]
mucin, among others . In cap polyposis non-sulfated
mucins were found, as well as an abnormal expression
[12]
of genes for MUC4, MUC3, and MUC5AC . For the
lung there is literature indicating that albumin and
[13,14]
IgG are part of the secreted mucus
. However, to
the best of our knowledge neither albumin nor IgG
were proven components of intestinal mucus. On
histology, it could be shown that the affected epithelia
are covered with a broad layer of proteins other than
[15]
mucins. Arimura et al found that in CP pore-forming
claudin-2 was abnormally expressed and redistributed,
whereas pore-sealing claudin-7 was downregulated.
Since claudins are important components of the tight[16]
junctions , it may be inferred that an imbalance
between pore-forming and pore-sealing claudins is the
biochemical background for loss of serum proteins in
CP.
The patient was not affected by any type of
congenital or acquired systemic immunodeficiency.
However, the T-cell depletion restricted to the affected
parts of the colorectal mucosa is highly unusual
both for the normal intestinal tract and especially for
+
inflammatory bowel diseases. The reduction of CD3
-T-cells associated with a relative increase in CD25
+
FoxP3 regulatory T-cells (10% in the peripheral
blood, normal < 1%, 5% in mucosal biopsies, no
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normal range available) implies a local perturbation
of the mucosal immunity and homeostasis. In active
systemic lupus erythematosus a higher percentage
of this type of regulatory T-cells has been observed
in peripheral blood and a relation to disease activity
[17,18]
was suggested
. The depletion of resident T- cells
with a putative impact on IgA secretion by plasma
cells may have contributed to a persistent damage
of the intestinal barrier integrity and an increased
vulnerability to enteropathogens. The predominantly
superficial infiltrates which we observed are generally
considered to be more typical for an infectious colitis
than for a chronic inflammatory bowel disease. We
cannot completely exclude the possibility that the
disease was initially triggered by pathogens and
enhanced by the immunosuppressive therapy initially
given under the suspected diagnosis of ulcerative
colitis. However, no intestinal pathogen was found
during the entire clinical course.
There is no generally accepted therapy for CP.
The most successful therapy seems to be endoscopic
[6]
polypectomy . However, there are several papers
[19]
which reported a beneficial effect of corticosteroids ,
[20,21]
infliximab
, or therapy of a concomitant infection
[22]
with Helicobacter pylori . In serious cases, surgical
resection is the preferred therapy. In our patient
resection of the affected parts of the large intestine
resulted in resolution of the symptoms and complete
stop of protein loss.
Taken together we report an unusual case of
pseudomembranous colitis with cap- polyposis like
features and continuous involvement of the rectum
and sigmoid colon resulting in severe protein-losing
enteropathy. Resection of the affected parts of the
colon led to a complete remission of the protein loss.

Since medical therapy was not possible a resection of the affected parts of the
colon was performed leading to a reversal of the protein loss.

Related reports

The clinical presentation and histological findings suggest protein loss due to
a pseudomembranous colitis with histological lesions similar to cap polyposis.
However, polyps were not present.

Term explanation

Cap polyposis is a rare form of intestinal polyps whose tip is covered by
pseudomembranes consisting of secreted serum proteins.

Experiences and lessons

This is the first description of a pseudomembranous colitis with histological
features similar to cap polyposis, but with a continuous spread in the colon
without evidence of polyps.

Peer-review

This case report has received generally positive reviews with suggestions to
improve diagnostic reasoning.
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